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HUMAN ANATOMY 


INT110DIICTJ.0N 


T HK t<irin human anatomy oomprisos a consideration of the various struc¬ 
tures wliich make up the human organism. In a restrietod sense it 
deals merely with the parts wliicdi form tlie fully developed individual and 
uliich can be rendered evident to the naked eye by various methods of dissec¬ 
tion. T?<'garded from such a standpoint it may bo studied by two methods: 
(1) the various structures may be separat(ily considered syntcrnaiic anatomy; 
oi' (2) the organs and tissues may be studied in relation to one another— 
lopoffra ph^l or regional analeymy. 

11 is. Iiowevcr, of much advantage to add to the facts aseertaijied by naked-- 
eve dissection those obtained by the u.se of the Jiiicroscopci. This introduces 
two holds of investigation, viz. the study of the minute struelurts of the various 
(!om])onent i)arts of the hoAy—hifttoloyy ; and the study of tlie human organism 
in its immature condition, i.e. the various stages of its iutra-uterinc develoj)- 
nuurt from the ffwtilisiid ovum up t6 the period wficn it assumes an independent 
existenco— rmhryology. Oh'ing to the 'difficulty of obtaining matei-ial illus¬ 
trating all the stages of tliis early dovclopmc-nt, gaps must bo filled up by 
observations on the development of lov or forms - cmnparative emftryohgy, or 
by a consideration of adult, forms in the line of human ancestry— comjiurative 
anatomy. Finally, the direct appliciation of the facts of human anatomy to 
the various pathological.conditions which may o<!cur constitutes the subject 
of applied anatomy. • • 

• Systematic anatomy. -The various systems of which the human body is 
composed are grouped under the following Imadings ; 

1. Osteology ~ths bony system or skeleton. 

2. Synde.smology—\Aw articmlations or joints. 

3. Myology —the muscles. With tho description of tho muscles it is 
convenient to include that of the fascia^ which arc so intimately connected 
with them. 

4. Angiolagy —the vascular system, comprising the heart, blood-vessels, 
lymphatic vessels and lyniphatic glands. 

5. Neurology -iiiG nervous system. The organs of sense may be included 
in this system. * 

6. Splanohnology —the visceral system. Topographically tho viscera form 
tw'o groups, viz. the thoracic viscera and the abdomino-pel vie viscera. The 
heart, a thoracic viscus, is best considered with the vascular system. Tho 
rest of the viscera may be grouped according to their functions : (a) the 
respiratory system ; (ft) the alimentary system; and (c) the genito-urinary system. 
Strictly speaking, the third sub-group should include only such components 
of the genito-urinary system as are included within the abdomino-i)olvic 

B 
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INTRODUCTION 


cavity, but it is convenient to study under this heading certain parts which 
lie in relation to the surface, of the body, e.g. the testes and the external organs 
of generation. , 

For descriptive purposes,the body is supposed to bo in the erect posture, 
with the arms hanging by the sides and the palms of the hands directed 
forwards. The mesial plane is a vertical antero-posterior plane, passing through 
the centre^of the trunk. This plane will pass approximately through the 
sagittal suture of the skull, and hence any plane parallel to it is termed a 
sagittal plane. A vertical plane at right aiigles to the mesial plane passes, 
roughly speaking, through the central part of the coronal sutui-e or tlirough 
a line parallel to it; such a plane is therefoi’e known as a coronal plane or some¬ 
times as a frontal plane. A plane at right angliis to both the mesial and coronal 
planes is termed a transverse plane. 

The terms fln<enor or ventre^, and posterior or dorsal, arc employed to indicate 
the relation of parts to the front or back of the body, and the terms superior 
or cephalic, nod inferior or caudal, to indicate tlic relative levels of different 
structures. 



HISTOLOGY 


THE ANIMAL CELL (fig. 1) 


A ll the tissues and organs of the body oiiginato from a microscopic striKjture 
(the fartiliml ovum), which consists of a soft jelly-h‘ke granular material 
enclosed in a membrane, and containing a vesicle or small spherical body inside 
which are one or more denser spots. This may bo regarded as a complete cell. 
All the solid tissues consist largely of cells essentially similar to it in nature but 
differing in e.xternal form. 

In the higher organisms a cell may be defined as ‘ a nucleated mass .of 
protoplasm of .microscopic; size.’ Its two essentials, therefore, are: a aQit.4.cUy* 
like granular material, similar to that found in the ovum, and usually styled 
'protoplasm ; and a small spherical body imbedded in it, and termed a Muemu.X 


Fro. 1. —Diagram of a cell. (Modified from Wilson.) 
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The other constituents of the ovum, viz. its limiting membrane and the denser 
spot contained in the nucleus, called the nucleolus, are not essential to the type- 
cell, and in fact many cells exist without them. 

Frotpplasm. {cytoplasm) is a material probably of variable constitution during 
life, but yielding on its disintegration bodies chiffly of protein nature. Lecithin 
and cholesterin are constantly found in it, as well as in organi c salts, chief 
among which are the phosphates and chlorides of the allcflTliqiptals and of 
calcium. * ■ It is of a semi-fluid, viscid consistence, and appears cither as a. hyaline 
substance, homogeneous and clear, or else it exhibits a granular appearance. 
Under a high power of the micioscope protoplasm is seen to consist of an elastic 
and refractile network or reticulum, containing in its meshes a clear, semi-fluid, 
homogeneous substance. The reticulum is composed of a material known as 
spongioplasm, while the enclosed substance is termed hyaloplasm. The granular 
appear&nCe is often caused by the knots of the network; but, in addition to 


In certain lower forms of life, mas.ses of jjrotoplasm without any nuclei have been 
described by Huxley and others, as cells. 
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these, protoplasm frequently contains true granules, some of which are prOtdn iii 
nature and probably essential constituents; others are fat, glycogen or pigment 
granules, and are regarded^ as adventitious material taken in from without, and 
hence are styled cell-inclusions or farwplaam. The size and shape of the meshes 
of the spongioplasm vary in (fiffcrent cells and in difieront parts of the same cell. 
The relative amounts of spongioplasm and hyaloplasm also vary in different cells ; 
the latter preponderating in the young cell and the former increasing at the 
• expense of the hyaloplasib as the cell grows. In many fixed cells, e.g. epithelial 
cells, the periphery becomes denser than the rest, and often altered by the 
deposition in it of a substance, the so-called cement, the nature of which is 
unknown. This cement substance separates the cells from each other, and has 
been termed by some histologists the cell-wall; when treated with dilute solutions 
of silver )iitrate and then exposed to light it turns a-deep brown or black colour. 

The most striking characteristics of protoplasm are its vital properties of 
motion and nutrition. Its movements, on account of their resemblance to those 
observed in the Amoeba or Psoteus animalcule, have b(>cn termed ‘ amoeboid 
movements.’ Nutrition is the power which protoplasm has of attracting to itsell 
from surromiding matter the materials necessary for its growth and maintenance. 
Any foreign particle which comes in contact with the protoplasmic substance 
becomes incorporated in it, being enwrapped by one or more procciiscs projected 
from the parent mass. When thus taken up, it may become an integral part of 
the cell or may remain in the substance of the protoplasm for some time without 
change, or may be rapidly extruded. 

The Nucleus is a minute body, imbedded in the protoplasm, and usually of a 
spheric.al or oval form, its size having little relation to the size of the cell. It is 
surrounded by a well-defined wall, the nuclear nmnbrane ; this enclosiis the 
nuclear substance (nuclear matrix), which is composed of a homogcmcous material 
containing a substanc.e known as paralinin, and a stroma or network. The 
former is probably of the same nature as the hyalojjlasm of the coll; but the 
latter, which forms also the w'all of the nucleus, differs from the spongioplasm 
of the cell substance. It is sometimes known as the chromoplasm or intranuclear 
networlc, and consists of a network of fibres or filaments arranged in a reticular 
manner. The substiince of the filaments stains very readily with certain dyes, 
and is therefore named chromatin ; it is supported by a^ number of fine threads 
of a material known as linin which stains only faintly or not at all. The 
interstitial substance does not stain readily, and is hence called achromatin. 
In some nuclei the (ihromoplasra does not form a network, but presents the 
ap})carance of a convoluted skein, similar to that found in a nucleus about to 
undergo division. 

Within the nuclear matrix are one or more highly refracting piodies, termed 
nucleoli, connected with the nuclear membrane by the nuclear fihi£i))i^8. They 
are regarded as being of two kinds. Some are mere local condensarion«^i(-|^t' 
knots ’) of the chromoplasm ; these are irregular in shape and are t<irmed 
nucleoli ; others arc distinct bodies differing from the pseudo-nucleoli both W’, 
nature and chemical composition ; they may be terined true nucleoli, and are,,; 
usually found in resting cells. ’ 

The nuclear substance differs chemically from ordinary protoplasm in containing 
nuclein, in its power of resisting the action of acids and alkalis, in it* imbibing 
more intensely the stain of carmine, hseraatoxylih, '&C.','’and in its remaiiiing 
unstained by some reagents which colour ordinary protoplasm. 

Most firing cells contain, in addition to their protoplasm and nucleus, a minute 
particle which, on account of the power it appears to possess of attracting the 
surrounding protoplasmic, granules, is termed the attraction particle or emtrosome ; 
it usually lies near the nucleus. The spherical %trangeraent of fibrillar rows of 
granules surrounding the particle is termed the attraction eentrosph&ra. 

As a rule there are in each cell two spheres connected by a spindfe^haped system 
of delicate fibrils {achromatic spindle). They are best seen in young cells-which are 
about to undergo the process of division, a process believed commence in these 
, bodies. 

Beproduction of cells is effected either by indirect or by ‘‘Mrect division- 
indirect division or Ica/ryokinesis (karyomitosis) has been observed in all the 
tissues—generative cells,, epithelial tissue, connective tissue, muscular tissue, and 
nerve tissue, and probably it will ultimately be shown th.at the division of cells 
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alwa 3 rs t^es place in this way, and that the process of reproduction of cells by 
direct division is, as some observers believe, meitely a sort of imperfect or 
abnormal karyokinesis. • 

The jprocess of indirect cell division is characterised by a series of complex 
changes in the nucleus, leading to its subdivision; this is followed by cleavage 
of the cell protoplasm. Starting with the nucleus in the quiescent or resting 
stage, these changes may be briefly grouped under the £pur following phases : 

1. Prophase. —The nuclear network of chromatin filaments assumes the form 
of a twisted skein or spirem, while the nuclear membrane and nucleolus disappear. 
The convoluted skein of cWmatin divides into a definite number of V-shaped 
segments or chromosomes. The number of chromosomes varies in different animals 
-—in man it is believed to be always sixteen. Coincident with or preceding these 
clianges the centrosome, or'attraction particle, which usually lies by the side of 
the nucleus, undergoes subdivision, and the two resulting centrosomes, each 
surrounded by a centrosphere, are seen to be connected by a spindle of delicate 
achromatic fibres, the uchromatic spindle. The* centrosomes move away from 
each other—one towards cither extremity of the nucleus—and the fibrils of the 
achromatic spindle are correspondingly lengthened. The centrosomes are now 
situated one at either extremity or pole of the elongated spindle, and each is 
surrounded by a centrosphere, from which fibrils radiate into the investing proto¬ 
plasm. A hue encircling the spindk midway between its poles is named the 
equator, and around this the V-shaped chromosomes arrange themselves in the 
foriri of a star, thus constituting the mother star or monaster. 

2. Metaphasc. —Each V*^hapcd chromosome now undergoes longitudinal 
cleavage into two equal parts or daughter chromosomes, the cleavage commencing 
at the aj)ex of the V and extondiug along its divergent limbs. The daughter 
chromosomes, thus separated, travel in opposite directions along the fibrns of 
the achromatic spindle towards the centrosomes, around which they group them- 
sc]v(!s, and thus two star-like figures are formed, one at cither pole of the 
a.cJiromati(! spindle. This constitutes the diaster. 

3. Anaphase. —The daughter chroraosonics now arrange themselves into 
a skein or spirtm, and eventually form the network of chromatin which is 
characteristic of the resting nucleus. The nuclear membrane and nucleolus are 
also differentiated dming this phase. The cell, protoplasm begins to appear 
cojistrictcd around the equator of the achromatic'spindle, where double rows of 
granules are also sometimes seen. The constriction deepens and the original 
cell graduiilly Inscoraes divided. 

4. Telophise. —In this stage the cell is completely divided into two new cells, 
each with i^..<iwn nucleus, centrosome and centrosphere, which assume the 
ordinary pori^ns occupied by such structures in the resting stage. 

^h e.. .fietfea of diapams (fig. 2), by Delcpine, is intended to explain the 
foflliSitipn of soine of the most important changes observed in nuclei of cells 
difmig karyokinesis ; it is based chiefly on the work of Flemming, Strasburger, 
E. van Beneden. Itabl, 0.«Hertwig, Henuoguy, and others, a. Jtesting nuclms. 
Nucleolus and nmdear membrane visible. A centrosome is represented near the 
nia lcus. B and c. Skein or spirem. u. Chromatic filaments much convoluted. 
Longitudinal splitting is evident in several parts. Tho centrosome has divided 
and the nuclear membrane is becoming indistinct, c. The two centrosomes 
are'widely separated, and the space between them is occupied by the achromatic 
spindle. (Two aiTows point to the positions which the centrosomes will 
ultimately occupy; during their passage to these points the achromatic spindle 
seems to bo within the nucleus.) The nuclear membrane has disappeared. 
TJ. Mother star or monaster. Th^nuclear segments (chromosomes) rq^ulting from 
the breaking-uit of the chromabic filament into fragments of nearly equal length 
have .moved tq^rd's the equator of the spindle, where they now form an equatorial 
plate. These segments are all split longitudinally. E. Metaphase. One half of 
each chromosome moves in the direction of one pole and the other half in that of 
the other pole, beiajSf guided towards the centrosomes by the achromatic filaments. 
E. Dawjhter ^rs-or diaster, a. Daughter skeins or dispirem, beginning to form. 
■Segments in*the form of thick loops not closely packed. H. Daughter skeins or 
dispirem, formed. Segments moi-e closely packed and less distinct, owing to the 
formation of an^oraosos. i. Resting daughter nwM. Cell completely divided 
into two, but bridges lemain between them in the region previously occupied by 









THE ANIMAL CELL 


7 


the achromatic filaments, these being specially distinct in certain cells (e.g. prickle- 
cells). The nucleus has a distinct nuclear membrane and a nucleolus. 

In the repioduction of cells by direct division •the process is one either 
of segmentation or of gemmation. In reproduction by se^merUation or fission, 
the nucleus becomes constricted in its centre, assuming an hour-glass shape, 
and then divides into two. This is followed by a cleavage or division of the 
whole protoplasmic mass of the cell; and thus two daughter cells are formed, each 
containing a nucleus. These daughter cells are at first smaller than the original 
mother cell; but they grow, and the process may be repeated in them, so that 
multiplication may take place rapidl)'. In reproduction by gemmation, a budding- 
ofl or separation of a portion of the nucleus and parent cell takes place, and, this 
becoming separated, forms a now organism. 

The cell-wall is merely tin*, external layer of the protoplasm, firmer than the 
rest of the cell, and often thickened by the deposit in it of certain chemical 
substances. It forms a transparent, fiinjly strijited membrane, in which are a 
nnmbcv of apertuies. 'I'liroiigh tln'sc openings ])ft)topla8mic processes can extend 
from cell to cell. They are oflen termed intercellular bridges. 


THE NUTIilTIVE FLUIDS 


The circulating fluids of the body, which subserve its nutrition, are the blorni 
and the lymph. 


Bloow 


The blood is an opacpie, rather viscid fluid, of a bright red or scarlet colour 
when it flows from tin; arteries, of a. dark red or purple colour when it flows from 
the veins. It is salt to the taste, and has a peculiar faint odour and an alkaline 
leaction. Its specific, gravity is about ]•()(}, and its temperature is generally 
'about 99" F., though varying slightly in ditferent j)art8 of the body. * 

General composition of the blood.—Blood consists of a faintly yellow fluid, 
the plasma or liquor sanguinis, in which ai'c suspended numerous minute particles, 
the blood corpuscles, the majority of which are coloured and give to th»! blood its 
red tint. If a dro[) of blood be placed in a thin layer oji a glass slide and examined 
under the microscoixs, a number of these corpuscles will be .seen floating in the clear 
fluid plasma. 

The blood corpuscles are chiefly ot two kinds : (1) coloured corpuscles or 
erythrocytes, (2) (-olourh'Sh corj)uscles or leucocytes. A third variety, the blood 
platelets', is of subsidiary impoitance. 

1. Coloured or red corpuscles (^enjlhrocytcs), when exaniimal under the micro¬ 
scope, are scim to be circular discs, biconcave in profile. The disc has no nucleus, 
Ittit, in consequence of its biconcave*, shape, presents, according to the altera¬ 
tions of focus undc'r an ordinary high power, a central part, sometimes bright, 
sometimes dark, which has the appearance of a nucleus (fig. 3, a). It is to the 
aggi’egation of the rod ooipusc.les that the blood owes its red hue, although when 
examined by transmitted light their colour appears to be only a faint reddish- 
yellow. The corjniscles vary slightl}' in size <*ven in the same drop of blood, 
but the average diam<d.er of each is about of an inch, and the thickness 

about ,,1 „ f, of an inch, nearly one quarter of the rliaraeter. Besides these there are 
found certain smallei* corpuscles of about one-half or onc-tliird of the size just 
indicated ; these are termed microcytes, and are very scarce in normal blood; in 
diseased conditions (e.g. ana*mia), Intwever, they are more numerous. The number 
of rod corpuscles in the blood is enormous ; between 4,000,000 and ^,000,000 are 
contained in a cubic millimetre. Power states that this red corpuscles of an adult 
would present an aggregate surface of about ‘1,000 square yards. Each corpuscle 
consists of a colourless elastic spongow'ork or stroma, condeusetd at the periphery 
to form an investing imnnbrane; .uniformly difl!used throughout the stroma arc 
the coloured fluid contents. The stroma is composed mainly of nucleo-'protein 
and of the fatty substances, lecithin and cholesterin, while the coloured material 
consists chiefly of the respiratory protein, hcemoghhin, which is a compound 
protein composed of an iron-containing body, hiematin, and of globin, a protein 
belonging to the globulin group. Haemoglobin has a great affinity for oxygen, 
and, when removjd from the body, crystallises readily under certam circumstances ; 
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it is ygry soluble in water, so-that the addition of water to a drop of blood 
speedily dissolves out the hienioglobin from the corpuscles. 

If the web of a living fi^’s foot be spread out and examined under the juicro- 
sdbpe, the blood is seen to flow, in a continuous stream through the vessels, and the 
corpuscles show no tendency to adhere to each other or to the wall of the vessel. 
Doubtless the same is the case in the human body ; but when the blood is drawn 
_ and examined on a slide without reagents, the corpuscles often collect into heaps 
’like rouleaux of coins (fig. 3, b). It has been suggested that this phenomenon 
may be explained by alteration in surface tension. During life the red corpuscles 
may be seen to change their shape under pressure so as to adapt themselves, to 
some extent, to the size of the vessel. They are, how'over, highly elastic, and 
speedily Tecf)vor their shape when the pressure is removed. They are readily 
influenced by the mediiiin in which they arc jilaced.' In water they swell up, 
lose their shape, and become globular (cndosmonis) (fig. 3, c). Subsequently 
the haemoglobin is dissolved out, and the envelope can barely be distinguished as a 
faint circular outline. Solutioift of salt or sugar, denser than the plasma, give 
them a stellate or creiiated appearance {exosiuosis) (tig. 3, d), but the usual shape 
may be restored by diluting the solution to the same specific gravity as the 
plasma. The crenated outline may be produced as the first effect of the pa.s 3 agc 
of an electric shock : subsequently, if sufficiently strong, the shock ruptures the 
envelope!. A solution of salt or sugar, of the same specific gravity as the plasma 

(i.«!. an isotonic solution), 
merely separates the blood 
corpuscles mcchanica 1 ly, 
without changing their 
8ha})e. 

The colourless cor¬ 
puscles or leficoci/tes are of 
various sizes, some Jio larger, 
others smaller, than the red 
c-orpuscles. In human blo«)d, 
how'ever, the majority are 
rather larger than the red 
corpuscles, and measure 
about to of an 

inch in diamete)-. On the 
average from 10,000 to 
12,000 leucocytes are found 
ill each cubic millimetre of 
•blood. 

They consist of minute masses of nucleated protoplasm, and exliihiiBitveral 
varieti(‘s, whicii ar<‘ diffcrcntiateil from each other chiefly by the occurrJTnce or 
non-occurrencc of granules in their protoplasm, and by the staining reactions at. 
tliesc granules when present (fig. 4). (1) The most numerous (70-80 per cent.)' 
and important are spherical in shape, and are characleiised by miclci, which 
often consist of two or tliiec jiarts (multipartite) connected together hy fine 
threads of chromatin. The protoplasm is eJear, and contains a number of very fine 
granules, which stain with acid dyes such as eosiii (fig. 4, r). These cells arc termed 
the 'pohjtnorphonuclmr leucocytes. (2) A second variety comprises from 2 to 
4 per cent, of the leucocytes; they are larger than the previous kind, and arc 
made up of coarsely granular protoplasm, the granules being highly refractile 
and grouped round single nuclei of horse-shoe shape (fig. 1, e). The 
granules sti^n deeply with eosin, and the cells are therefore often termed 
eosinophil corpuscles.' (3) The third variety is called the hyaline ceil (fig. 4, ii). 
This is usually about the same size as the eosinopliul cell, and, when 
at rest, is spherical in shape and contains a single round or oval nucleus. 
The protoplasm is • fre<! from granules, but is not quite transparent, 
having the appearance of ground glass. (4) The fourth kind of colour¬ 
less corpuscle is designated the lymphocyte (fig. 4, l), because it is 
identical with the lymphoid cell derived from the lymphatic; glands, the 
spleen, tonsil, and thymus. It is the smallest of the leucocytes, and consists . 
chiefly of a spheroidal nucleus with a very little surrounding protoplasm of s'! 
homogeneous nature; it is regarded as the immature form of the hyaline ccUr-'" 


Era. 3.—Human red blood-corpuscles. 
Highly mugnilied. 



a. from the surifwe, h. Seen in jiroliNsitidfurrniiij^'rouleaux, 
r, HeiideredsphcricaUi.vwat'*’. JleiHlen*d mmute b\ Kilt solution. 
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The third and fourth varieties together constitute from 20 to 30 per cent, of the 
colourless corpuscles, but of these two varieties the lymphocytes are by far the 
more numerous. Leucocytes having in their protoplasm grannies which stain 
with basic dyes (basophil) have been described as occurring in human blood, but 
they are rarely found except in disease. 

The colourless corpuscles are very various in shape in living blood (fig. 6), because 
many of them have the power of constantly changing tilidir form by protruding 
finger-shaped or filamentous processes of their substance, by which they move, 
and take up granules from the surrounding medium. In locomotion the corpuscle 
pushes out a process of its substance—a pseudopodium, as it is called—and th«n 



.shifts the j'c.,st of the body into it. In the same way whei, any granule or particle 
comes ill its way the corpuseJe wraps a pseudopodium round it, and then with- 
tlvawB the ])seudoj)odium with the contained particle into its own substance. By 
means of these amoeboid properties the cells have the power of wandering or 
emigrating from the blood-vessels by penetrating their walls and thus finding 
their way into the extra-vascular spaces. A chemical investigation of the proto- 
filasniHlf the leucocytes shows the presence of nucleo-protein and of a globulin. 
The OBcurreuce of small amounts of fat and glycogen may also be demonstrated. 

JRq blood platelets are discoid or irregularly shaped, colourless, refractile 
•bodies, much smaller than the red cells. Considerable discussion has arisen as 
to their significance. Recent observers have shown that under the action of certain 

Fill. 5 .— Human colourless blood-corpuscle, sho'ndng its successive changes of outline 
within ten minutes when kept moist on a warm stage. (Schofield.) 



stains the centrally situated portion of the blood platelet takes on an appearance 
suggestive of a nucleus. In spite of this, and of the fact that they fiave been ob¬ 
served in the blood-vessels during life, thcie is still a tendency to regard them as 
products of disintegration of the white cells, or as precipitates, possibly of nucleo- 
protein, and not as living elements of the blood. 

Origin of the blood corpuBcles.—In the embryo the red corpuscles are developed 
from cells in the vascular area of the blastoderm. These cells unite with one 
another to form a network, their nuclei multiply in number, and around some* of 
the nuclei aggregations of coloured protoplasm take place. After a time the 
fibres of the network become hollowed out by an accumulation of fluid, and form 
"Capillary blood-vessels, and in the fluid those nuclei which are surrounded by 
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coloured protoplasm float as the first red blood cells.* The embryonic corpuscles 
arc thus nucleated, and, further, they have the power of amoeboid movement. 
Those cells disappear in later embryonic life, to be rejdaced by smaller non- 
nucleated corpuscles, having all the characters of the adult erythrocytes, and 
formed, according to Schafer, within certain cells of the connective tissue. 
Small globules of reddish colouring matter appear in their protopla.sm, and 
the cells eventually becomjng larger, more uniform in size and disc-shaped, float 
in a cavity which results from the coalescence of numerous vacuoles. After birth 
the important source of the red corpuscles is the red marrow in the ends of the long 
bdnes and especially in the ribs and sternum. Here are found special, nucleated, 
coloured cells, termed eryi/iroblasis, which are probably direct descendants of the 
nucleated, embryonic red cells. These crythnjblasts by atrophy and disappearance 
of their nuclei (or, as some observers maintain, by extrusion of their nuclei) 
and by assumption of the biconcave form are transformed into the adult red 
corpuscles. Of the colourless coTOuscles of the, blood, the-lymphocytes are derived 
from lymphatic tissue generaUy, and from the lymphatic glands especially, and 
ent(sr the blood by way of the lymph stream; the hyaline* cells probably develop 
b'om the lymphocytes, while the eosino])hil cells arc believed to original*- mainly 
in the bone marrow and possibly also in the connective tissues. 

The plasma or liquor sanguinis, the fluid portion of the blood, has a y<‘llowish 
tint, is alkaline in reaction, and has a specific gravity of 1‘028. It contains in 
solution about 10 per cent, of solids, of which four-fifths are protein in nature; 
the ronainder being salts, chiefly chlorides, phosphates and sulphates of the 
alkali metals ; carbohydrates, chiefly sugar ; fats and soaps ; cholesterin, urea, and 
other nitrogenous extractives. The- proteins are thnu* in number, serum, albumin, 
serum globulin, fibrinogen. Fibrinogen is a body of the globulin class, but 
differs from scrum globulin in several respects. It is the substance from which the 
Jibrin, which plays so important a part in the clotting of the l)lood, is derived. Tn 
addition there may be present in plasma 8(*v(*ral substances of very great import¬ 
ance in connection with immunity, such as antitoxins, op.soiuns, &c. The 
chemical nature oi these bodies is at presemt the subject of close investigation, 
and for a detaih'-d account of them reference should l)o made to the most recent 
works on bacteriology. 

Coagulation of the blood.—When blood is drawn from tlie IkmIv and allowed 
to stand, it solidifies in the course of a very few minutes into a jelly-like, mass or 
clot, which has the same appearance, and volume as the fluid blood, ,‘iiid, like it, 
looks quite uniform. Soon, however, drops of a transpaixmt yellowish fluid, the 
serum, begin to ooze from the surface of the mass and to collect around it. 
Coiucidently the clot begins to contract, so that in the course of about twenty-four 
hours it has become considerably smaller and firmer than the first formed jelly-like- 
mass, and is surrounded by a quantity of yellowish serum. The clotting of tlu* blood 
is due to the formation of a fine mesliwork of the in,soluble mate,riaK.//hr'*», which 
entangles and encloses tlic blood corpuscles. Many thiiories have from time to’ 
time been brought forward as to the nature of the pioccsse-s c-oncerned in the 
clotting of blood. It is undoubtedly due to a ferment, jibrin-ferment, acting on 
Jibrinogeu, one of the proteins present in jflasma. Under the agency of th(! fibrin- 
ferment the fibrinogen is split up into an insoluble portion, fibrin, and a soluble 
portion, fibrino-globulin, which remains in solution i!i the serum. The mode of 
forinatiou of the ferment is still the subject of much discussion. It is supposed 
that wlien blood is shed, small quantities of a substance, ihrombohinase, are 
liberated from the leucocytes and blood platelets; thrombokinase is also present 
in th(? tissues. It acts on another substance, thromhogen, j)resent in the 
blooil platelet!, and converts it into the actual fibrin-ferment. Thromhogen, besidevs 
existing in the blood platelets, is also present in mimitc quantities in the circulating 
plasma. (’al«!ium salts play an important role in the process of the formation 
of the ferment, for unless they arc present in a soluble form the thrombokinase 
is unable to act on the thromhogen. 

Fibrin may be obtained, practically free from corpuscles, by whipping tlic 
blood, after it has been withdrawn from the body, with a bundle of twigs; 
the fibrin adheres to these as it is formed. By various means the clotting of the 

* Kccent observations tend to show that the cudothcliiil lining oi the vessels and the blood 
corpuscles are of untodermal origin. , 



THE NUTRITIVE FLUIDS 

Jood may be retarded so that the plasma may be obtained free from corpuscles ; 
from this plasma there may be derived fibrin and serum, without the cellular 
elements. Fibrin thus-obtained is a white or buff-soloured stringy substance, 
and when observed, in the course of 

formation, under the microscope, shows Fio. 6.—Fibrin from human blood, 
a mesh work of fine fibrils (fig. 6). After 
exposure to the air for some time it 
becomes hard, dry, brown, and brittle. 

It is one of the class of coagulated 
proteins, insoluble in hot or cold water, 
saline solution, alcohol, or ether. Under 
the action of dilute hydrochloric acid it 
swells up but does not dissolve, but, when 
thus swollen, is readily dissolved by a 
solution of pepsin. 

Serum, with the exception of its 
proteins, has a e-omposition idenlical with 
that of plasma. The fibri)iogen, charac¬ 
teristic of plasma, has disappeared, and 
the fibrin ferment and fibrino-globulin .a found instead, as well as the scrum 
albumin and serum globulin which arc not involved in the process of coagulation. 

Blood crystals.—Ibemoglobin, as already stated, readily crystallises when 
separated from the blood corpuscles. In human blood thii erysials are elongated 
prisms (fig. 7, a), and in the nmjority of animals belong to the rhombic system, 
though in the squirrel hexagonal plates are imd, with. Hmall brown prismatic 
crystals of lirpiiiin (fig. 7, n) may la* obtained by mixing dri(*d blood with common 



Fio. 7.—Blood-crystals. 



A. Iliunioi^lubiii tTVstuls from huiiian blootl. Jt. Ibriniri rrys>t»i!s from blood treated witti acutic aciil. 
f. ilsi‘m»toidin crystals from tui <»ltl clot. 


salt .and boiling with a few drops of glacial acetic acid; a drop of the mixture 
on a slide will show the characteristic (nystals on cooling. Ila tualoidin crystals 
(fig. 7, o) occur soimdinms in old blood clots. 


Lymph 

Lymph is a tr.insparcnt, colonrhiss or slightly yellow fluid, wbieb is conveyed 
by a set of vessels, nuiiicd himplialws, into the blooi. These vessels arise in nearlv 
all parts of tins body as ZympA capillaries. They take up the blood plasma which 
has exuded fronx the blood capillaries for the noiiiisbraent ('f the tissue elements, 
and return it into the veins. The greater number of these lymfjiatics emj)tv 
themselves into one main duct, the thoracic duct, which passes upwards along the 
front of the vertebral column and opens into the largo veins on the loft side of the 
root of the neck. The remainder empty themselves into a smaller duct which 
ends in the corresponding veins on the right side of the neck. 

Lymph is a watery fluid of sp. gr. about 1‘015; it closely resembles the blood 
pla.sma, but is more dilute, containing only about 5 per cent, of proteins and 
1 per cent, of salts and extractives. When examined under the. microscope, 
leucocytes of the lymphocyte class are found floating in the transparent fluid; 
they are always increjused in number after the passage of the lyjn})h through 
lymphoid tipue, as in lymphatic glands. 
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Lymph varies greatly in composition in different parts of the body. The lymph 
leaving tlie liver contains the greatest percentage of proteins and has the highest 
specific gravity. In the limbs the lymph is scanty and has a low specific gravity. 
The intestinal lymph (chyle) is interm^iate in composition and contains in addi¬ 
tion the fat absorbed by the lacteals, which gives it a milky appearance. ^ 5 /^ 5 * 


“■ EPITHELIUM 

• All the surfaces of the body—the external surface of the skin, the internal 
surfaces of the digestive, respiratory, and genito-urinary tracts, the closed serous 
cavities, the inner coats of the vessels, the acini and' ducts of all secreting and ex¬ 
creting glands, the ventricles of the brain and the central canal of the spinal cord 
—are covered by one or more layers of simple cells, called t-pUkeMum or epithelial 
edla. These cells are also present in the terminal parts of the organs of special 

sense, and in some other structures, such as 
Fro. 8 .—Simple pavement epitheliimi. the pituitary and thyroid bodies. They serve 

various purposes, fonning in some cases a 
protective layer, in others acting as agents 
in secretion and excretion, and again in 
others being coucerned in the olalamition of 
the organs of special sense. Thus, in the 
skin, the main purpose served by the cpi- 
tludium (here called the epitlermis) is that 
of protection. As the suiface is worn away 
by the agency of friction new ccills arc 
supplied, and thus the true skin and the 
vessels and nerves which it contains arc 
defended from damage. In the gastro-intestinal mucous membrane and its 
glands, the epithelial cells appear to be the principal agents in pi((paiing tlic 
digestive secretions and in selecting and modifying materials for absorption. 
In other situations (as the nose, fauces, and respiratory passages) an important 
office of the epithelial cells appears to be to maintain an equable temperature by 
the moisture with which they keep the stirfiOic, alwa}'s slightly lubricated. In 
the serous cavities they also keep the opposed layers moist, find thus facilitate 
their movements on csach other. Finally, in all internal parts they insui’e a 
perfectly smooth surface. • • 

Epithelium consists of one or more layers of cells, united together by an inter¬ 
stitial cement suhstav.cc and supported on a basement membrane. It is naturally 



J''ro. fl.—Columnar epithelium from an 
intestinal villus. 
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grouped into two classes according as to whether there is a single layer of cells 
{simple epitheliuin), or more than one (stratified epithelium and transitkt^l 


y Simple epithelium. —The different varieties of simple epithelium are .squamous 
•'or pavement, columnar, glandular or spheroidal, and ciliated.! 

The pavement epithelium (fig. 8 ) is composed of flat, nucleate scales of 
ferent shapes, usually polygonal, and varying in size. These cells fit toget^'^ 
by their edges, like the tiles of a mosaic pavement. The nucleus is gene j^ * 
flattened, but may be spheroidal; the flattening depends upon the thinpe® 
corpi? cell. The protoplasm of the cell presents a fine reticulum or honeycon™ 
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Fia. 11.—Spheroidal epithel¬ 
ium. Magnified 260 times. 


Setwork, which gives to the cell the appearance of granulation. This kind of 
^ithelinm forms the lining of the air-sacs of the lungs. The endothelium, which 
covers the serous membranes, and which lines the . 
heart, blood-vessels, lymphatics, and the anterior 
chamber of the eye, is' also of the pavement type, 
being'•■composed of a single layer of flattened trans¬ 
parent squamous colls, joined edge to edge in such a 
manner as to form a membrane of cells. The base¬ 
ment membrane, which supports the epithelial cells, 
is composed of a homogeneous material. In some 
instances it has a number of apertures, and is then 
spoken of as a fenestrated membrane, whilst in other 
cases it is formed of flattened cells. 

The columnar or cjfUndrieal epithelium (fig. 9) 
is formed of cylindrical or rod-shaped cells set 
together so as to form a complete layer, resembling, 
when viewed in profile, a palisade. The cells have 
a prismatic figure, flattened from mutual pressure, 

and are set upright on the surface on which they are supported. Their protoplasni 
is always more or less reticulated, and fine longitudinal strise may be seen in it; 
the nucleus of each is oval in shape and. contains an intranuclear network. 

Fio. 12.—Ciliated epithelium from the human trachea. 


•“Siipi’rjicial ri/iutcil nHh 
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The outer free border of each of theee.. cells is^distiftctly markt'd off from, the 
rest of the protoplasm, and cojitains well rriSTfeed vertical striations. Tliis form 
of -epithelium covers the mucous membrane of nearly the whole gastro-intestinal 
,, T , tract and its glands, the greater part of the nrethrji, 

deferens, the prostate, Cowper’s glands, Bar- 
” thoJin 8 glands, and a portion ol the utenne mucous 

membrane. In a modified form it also covers the 
ovary. 

(rohlet or chalice cells are modified columnar cells. 
M^idJinolia The goblet cell appears to be fonned by an alteration 
in shape of a columnar cell (ciliated or otherwise) 
consequent on the formation of granules, which consist 
of a substance called mucigm, in the interior of the cell. 
This distends the upper part of the cell, while the 
nucleus is pressed down towards its deep part, until 
the cell bursts and the mucus is discharged on to the 
surface of the mucous membrane (fig. 10), the cell then 
J assuming the shape of an open cup or chalice. 

The or spheroidal epithelium (fig. 11) is 

composed of spheroidal or polyhedral cells, but the 
cells may be columnar or cubical in shape in some 
situations. As in other forms of epithelial cells, tho 
profsplasm is a fine reticulum, 'which gives to the cells 
the appearance of granulation. Glandular cells arc 
found m the terminal recesses of secreting glands, 
and the Piu toplaamL of thuj^filla^u sually contains the 
matenm the ceUa, secrete. 

epithelium (fig. 13)*“ generally inclines to the' columnar shape. It is 
ished by the presence of minute processes, like hairs or eyelashes (cilia) 
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standing up from the free surface. I^e dlifi (fig. 13) at their points of‘attach¬ 
ment to the free border of the cell, possess small nodular enlargements {ba8(d knobs 
of Engelmann). Within the cell they converge, and according to some authorities 
meet at or near the attraction sphere. If the cells be examined during life or 
immediately on removal from the living body (for which in the human subject 
the removal of a nasal polypus offers a convenient opportunity) in a weak solution 
of salt, the cilia will be seen in lashing motion ; and if the cells be separated, 
they will often be seen to 4)C moved about in the field by tliis ciliary action. 

Fio. 14.—Epithelial cells from the oral cavity of man. Magnified 360 times. 



•t. harize. b. Middle ^izcd. c. 'i'he uaiao wilJi two nuclei. 


The sitTiations in which ciliaf ed pj)ithelium is found in th<( human body are : 
the re,8piratt)ry tract from the nose downwards to the smallest ramifications of 
tin' l)ronchia] tubes, except a part of the pharynx and tlie surfac<‘s of the vociil 
cords; the tympanum and Eusteehian tube; the Fidlopian tulx- and upper 
portion oT the. uterus ; tlie vasa efferentia, coni vaseulosi and the first pait of 
the excretory duct of the testicle; the ventricles of the brain aiul the central 
canal of the spinal cord. 

P\a. 10.—Portion of epidermis from a section of the skin 
of the finger. (Ranvier.) (From Schafer’s ‘Essentials 
of Histology.’) 

Pio. 1.6. - Stratified ej)i(lie- 
liiim fiom the oesophagus. 
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Stratified epithelium (fig. 15) consists of several layers of cells superimposed 
one on the top of the other and varying greatly in shape. The cells of, the d&Qpest 
ifiyer are for ]^e most part columnar in shape, and are placed vdfVically on the 
basement memljran<‘; above these are several layers of spheroidal cells, which 
as they approach the surface become more and more compressed, until the 
superficial onei are found to consist of flattened scales (fig. 14), the margins of 
which overlap one another so as to present an imbricated appearance. The 
protoplasm of the superficial cells is cpigipletely converted into a horny substaoce 
termed kaolin. An intermediate body, midiU, iff often preseot in the deeper layers 
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of thiB»' 48 upeificsial portion. It exists in the fonn of coarse granules, and is 
especially well seen in the stratum granulosiun of the epidermis. The'most 
superficial layers lose their nuclei, die, and are thrown or worn off. 

Stratified epithelium is found in the skin, in the* mucous membrane of the 
nose, excepting the. olfactory portion, in the mucous membrane of the mouth, 
part of the pharynx, the oesophagus and in the conjunctiva. 

Certain , cells found in . the deeper layers of stratij^ed . epith,eliuia,.,and,,,terinod 
fwickic-celh ffig. 16), constitute a variety of squamous epiihehuip. They possess 
sSortTfinc fibrils, which pass from their margins"to those of neighbouring 
cells, serving to connect them together. They are not closely joined together by 
cement-substa nce, b ut are separated 
from each _other By intercellukr 
chaiwiels, across which the hhrils may 
be seen bridging. When a cell is 
isolated',''!!; appears to be covered over 
with a number of short spines, in 
consequence of the fibrils being broken 
through. These e(?ll8 were first 
described by Max Schultze and 
VirchoAV, and it was believed by 
thorn that the cells were dovetailed 
together. Maityn subse({iicntly showed that this was not the case and that the 
prickles were attached to eaeli other by their apices : and Dclepine believes the 
jnickles to he parts of fibrils forming internuelear bundles between the nuclei of 
the colls of an epithelium in a state of activr^ grovdh (sec page 7, and fig. 2). 

Transitional epithelium occurs in the urcteTs and urinary bladder. Here the 
cells of the most supm-fici.il layer are cubical, with depressions on their under 
surfaces, to fit on t«> the rounded ends of the cells of t.he second layer, which 
are ^rear-sliapcid. the apices touching the basCrnent membrane. Brrtween the 
.tapering points of the cells of the second layer is a third variety of cells of smaller 
size than those of the other two layers (fig. 17). 


Fio. 17.—Transitional epithelium. 



CONNECTIVE TTS8CES ■ 

Tlie term connective tissue includes a number of tissues which possess this 
fcatrrre in cannmon. viz. they support and connect the other tissues of the body. 
The connective* tissues may differ considerably from each other in appearance, 
but they present many points of relationship, and are, moreover, dsytdoped.. 
fr;om the same layer of the embryo, the mesoderm. They are divided into three 
great groups'; (1) the cohnective tissues proper, (2) cartilage, and (3) bone. 
Blood, which has already been described, is, strictly speaking, a form of eon- 
irtictive tissue, and is so dealt with by jriuny histologists. 

Thk CoNNE(ynvE Tissues Proper 

Several forms or varieties of connective tissue are recognised ; (1) Areolar 
tissue. (2) White fibrous tissue. (3) Yellow elastic tissue. (4) Mucous tissue. 
(6) Retiform tissue. They are all composed of a homogeneous matrix, in which 
are imbedded cells and fibres—the latter of two kinds, white, and yellow or elastic. 
The distinction between the different forms of tissue depends upon the relative 
preponderance of one or other kind of fibre, of cells, or of matrix. 

Connective tissue corpuscles. —The cells of the connective tissues are of three 
principal kinds ; (1) l!.latteijed lamellar cells, which may be either'branched or 
unbranched. The branched lamellar cells arc composed of clear cell-substajice, 
andxontain wal nuclcTT Re processes of these cells 'unite so as to form an open 
network, as in the*cornea. The unbranched cells are joined edge to edge like the 
cells, of an epithfilu The ‘ tendon cells,’ presently to be described, are examples 
of this variety. (^ITGr anule cells, which are ovoid or spheroidal in shape. They 
are formed of a soft protoplasm, conttuiiing'CTahuIes which are. albuminous in 
chufSetser Tiitd-'irtain" dSCplV"^^ (3)^iaama ..cell8.,pf T^aldeym-, varying 

greatly iti size and form, but diatiofluiahed from the other two .varieties by con¬ 
taining a vacuolated, protoplasm,. The vacuoles are filled with fluid, and the 
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p rotopl asm between the spaces is clear, with occasionally a few scattered 
granules! ... . 

In addition to these three typical forms of connective tissue corpuscles, areolar 
tiMue may be seejLto pos ses i.e. leucocytes which have emigrate 

from the heighDourmg vessels; in some instances, as in the choroid coat of the 
eye, cells filled with granules 6f pigment {pigment cells) arc found. ; 

■ The connective tissue corpuscles lie in spaces in the ground substance between 
jthe bundles of fibres, and these spaces may be brought into view by treating the 
(tissue with nitrate of silver and exposing it to the light. This will colour the 
/ ground substance and leave the cell-spaces unstained. 

\y~ Areolar tissue (fig. 18) is so called because its meshes can be easily distended 
'mith air or fluid and thus separated into areolso or spaces, which open freely into 
^^ach other. Such spaces, however, do not exist in the natural condition of the body, 
Athe whole tissue forming one unbroken membrane composed of a number of 
I interlacing fibres, variously superimposed. The chief use of areolar tissue is to bind 
parts together; while by the laxjty of its fibres, aiid the permeability of its areolae. 


Fm. 18.-^ul)outaneous tissue from a young rabbit. Highly magnified. (Schafer.) 
Pliutna cfll 



it allows them to move on each other, and affords a ready exit for inflammatory and 
other effused fluids. It is one of the most extensively distributed of all the tissues. 
It is found, beneath the skin in a continuous layer all over the body, connecting 
it to the subjacent parts. In the same way it is situated beneath the mucous and 
serous membranes. It is also found between muscles, vessels, and nerves, forming 
investing sheaths for them, and connecting them with surrounding structures. In 
addition to this, it is present in the interior of organs, binding together the various 
lobes and lobules of the compound glands, the various coats of the hollow viscera, 
and the fibres of muscles, &c., and thus forms one of the most important connecting 
media of the various structures or organs of which the body is made up. In 
many parts the areol® or interspaces of areolar tissue are occupied by fat-cells, 
constituting adipose tissue, which will presently be described. 

Areolar tissue presents to the naked eye an appearance somewhat like 
*8pun-silk. When stretched out, it is seen to consist of delicate soft elastic threads 
interlacing with each other in every direction, and forming a_ network of extreme 
delicacy. When examined under the microscope (fig. 18) it is found to be com- 



p6^ of white fibres and yellow elastic fibres intercrossing in- all directions, and 
united together by a homogeneous cement or ground substance, the matrix, showing 
cell-spaces wherein lie the connective tissue corpuscles ; these contain the protoplasm 
out of which the whole is developed and regenerated. * ' 

Thg white fibres are arranged m waving bands or bundles of minute transparent 
homogeneous filaments or nbrillae. The bundles haVe' a tendency to s^it up 


Fig. 19.—^Adipose tissue. High powftr. 



a. Starlikr npjtcaroncn, from oryafalliaaUon of fatty aciiJs. 


longitudinally or send off slips to join neighbounng bundles, and receive others 
in return, but the individual fibres are unbranched, and never join other fibres. 
The yellou) elastic fibres have well-defined outlines and are -considerably larger 
in size than the white fibrillas, but vary much, being from the to the 

4 „'„T, of an inch in diameter. They form bold and wide cui-vcs,'branch, and 
freely anastomose with each other; 


they are homogeneous in appear¬ 
ance, and tend to curl up, especially 
at their broken ends. 

Adipose tissue.—In almost all 
parts of the body the ordinary 
areolar tissue contains a variable 
quantity of fat. \ The^rincipal 
situ ations whe re it~i8~~n ot nouiid 
are tho~ suhj^aneoi ^ tiss ue of Uie 
eyelids," ol tEe'pdms^and scrotum, 
of the nymph*; tyitMtf th'e cavity 
of the crauiutn'randtn tho lungs, 
cS'cept noar-tdicl'f'root.sr^' Tti" to- 
tfihution is not" umfdrm ; in some 
parts it is collected in great abund¬ 
ance, as in the subcutaneous tissue, 
especially of the abdomen ; around 
the kidneys, and in some other 
situations. Lastly, 
larg ely into the formation . ,Qi,..th 9 
.;marrow_of_ .bpjifisu, distinction 
must “be made beti^en fat and 
adipose tissue ; the latter being a 


h'^G. 20.—Development of fat. 
(Klein and Noble Smith.) 














I. llinutc arlpry. r. Minuto vein. e. Capillary blood-vpssfls in 
tlie ooursi- of formation ; they are not yet complelcly hollowed 
out, Utere beingHtilllcJtin tliciii protoplasmic septa. (/. The 
ground substance, roiitaining numerous nuc)gat(d (iells, some 
of whldi aro mure distiucliy branched and flattviied than 
otliem, and appear therefore morn spindle-shaped. 


chst inct tisBUO.. tHeforrner an dity matter j,'which in addition to foiming adipose 
tissue *18 also widely present “in the body, as in the brain and liver, and in the 
blood, chyle, &c. 

Adipose tissue conais tff of amnll vesicles, lof^g d in th e m esliea of yeola r 
tissue, hat-cells ffig. 19) vary in size, but are of about the aTerage'^ameter 
of an inch; each consists of an exceedingly delicate protoplasmic mtm- 
branp, filled with fatty matter, whiph is liquid during life, but becomes solidified 
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after death. They are round or spherical whero they have not been subjected to 
pressure; otherwise they assume a more or less polygonal, outline. A nucleus is 
always present and can bp easily demonstrated by staining with hscniatoxylin; 
in the natural condition it is so compressed by the contained oily matter as to be 
scarcely recognisable. The fat-cells are contained in clusters in the areolae of 
fine connective tissue, and are held together mainly by the network of capillary 
blood-vessels which is distributed to them. 

Chemically the oily material in the cells is composed of the fats, olein, palmitin 

and stearin, which are glycerin 
compounds with fatty acids. 
Sometimes fat crystals form in 
the cells after death (fig. 19, a). 
By ‘boiling the tissue in ether or 
strong alcohol, the fat may be 
extracted from the vesicles, leav¬ 
ing tlnmi empty and shrunken. 

Fiit may be first detected 
in the human embryo about the 
fourteenth week. The fat-cells 
are formed by the transforma¬ 
tion of connective tissue cor¬ 
puscles. Small droplets of oil are formed in the protoplasm, and these coalesce 
to produce a larger drop, which increases until it distends the corpuscle, the 
remaining protoplasm and the nucleus being displaced towards the periphery of the 
cell (fig. 20). 

White fibrous tissue (fig. 21) is a true connecting structure, and scirves three 
purposes in the animal economy. In the form of ligaments it binds bones 
together; in the form of tendons it connects muscles to bones or other 
structures; and it constitutes investing or pn)t(‘ctitig structures to various 
organs itf the form of membranes. Examples of sucJi membranes are to 
be found in i he muscular faseim or sheaths, 
the periosteum, and perichondrium ; the 
investments of the various glands (siuh 
as the tunica albuginea testis, the capsule 
of the kidney, &c.); the investing sluiaths 
of the nerves (epineurium), and of various 
organs, as the penis and the eye. . In white 
fibrous tissue, as its name implies, the white 
fibres predominate ; the matrix is apparent 
only }is a ecment-siibstance, the yellow 
elastic fibres are comparatively fewr, while 
the tissue-cells are arranged in a special 
manner. It presents to tlie naked eye 
the appearance of silvery white glistening 
fibres, covered over with a quantity f)f loose 
flocculcnt tissue which binds tins fibrtss 
together and carries the blood-vessels 
(fig. 22). It is not possessed of any elasti¬ 
city, and only the very slightest extensibil¬ 
ity ; it is exceedingly strong, so that niam 
the application of any external violence, a. 
bone with which it is coiinectcfd may 
fracture before the fibrous tissue gives way. 

In ligaments and tendons the bundles of 
fibres run parallel with each other ; in 
membranes they intersect one another, 
tissue are often called ‘ tendon-cells.’ They are situated on the surfaces of 
gi-oups of bundles and are quadrangular in shape, arranged in rows, in single file, 
each cell being separated from its neighbours by a naiTow line of cement-substance. 
The nucleus is generally situated at one end of the cell, the nucleus of one 
of the adjoining cells laung in close proximity to it (fig. 23). Upon the addition 
of acetic acid white fibrous tissue swells up into a glassy-looking indistinguish¬ 
able mass. When boilfed in water it is converted almost cH)mpletely into gelatin, 


Fici. 22.—Connective lissue. 
(Klein and Nolde Smith.) 



^riio wliilo fihroiib Homorit—a Ia>rr of morcor 
sl)iirp1\ oiitliiif’d, purallel* wavy hiindleH ol ooiinr^*- 
tiv(* liKsur librilH. On the Hiirfacr of tliin Inyrr ih it, a 
network of line cluKtic flbrtu 

The cells found in white fibrous 
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the white hbroa being composed of the albuminoid collagen., which is often regarded 
Afl the anhydride of gelatin. 

Yellow elastic tissue —In certain parts of the bod}^ a tissue is found which 
when viewed in m<iss is of <i yellowish colour, and is possessed of great elasticity, 
so that it IS cainblc of consideiable extension, and when the extending foicc is 
withdiawii returns it once to its oiiginal eondition This is yellow dastic tusue, 
whuh may be legiided as a tonnccfive tissue in whuh the yellow elastic fibres 
have dovi lopi d to the pi ictu al exclusion of the other cfemeiits It is found iii 
the ligami nt i sub6avi, in the vocal (oids, la the longitudinal coats of the tiachea 
Hid bronchi, in the mini coats of the blood vessels, (specially the larger artenes, • 
and to 11 ciy (onsid( i ibh extent in the thyio h\oid, crico thyroid, an(l stylo hyoid 
ligaments It is also lound in th( ligsmentuni nuihc of the lower animals 
(fig 21) In some puts wIk'k th( fibres aie broad and large and the network 
close tin tissm presents th( ippi irince ol a nu inbraiu with gips or perfoiations 


I Id 2i kudon oi mouses 
till stuimd aith logwood, 
showingih Hiis oi nils In twoi n 
lh« l(ndon biindUs (Ji’ioin 
t^u iin s Anatomy V A 
Scliafci ) 



I^G 24 -•-Yellow clastu tissue 
High ]>owei 



corKsponding to 1h( int(i\( ning sp ms This is to be found in th( innei costs of 
the uterus ind fo it tin nuiK of /(ntsirafid mmhrnni has bien given by Heule 
Tin \(llovv (listie fibi<s lemuiii unilteud by itihi icid Chimu illy they aie 
(onn)os(doi tin ilbnminoid bod\ daslin 

Mucous tissue exists thi<fl> m the ‘ jedly ol Whirton’ whuh forms the bulk 
of tlu umbtlu d cord but r^ dso lound m other situ itions iii the foetus thiefly as 
a stage iii the development ol couneetive tissue It consists of a matiix, largely 
made up of nniciii m whitli aie nucleated cells with bianeliing aud ansstomosmg 
plot esses (fig ?’>) h’ew hbic's are seen in fvpual miuoirs tissue, though it buth 
the uinbilie il eoid shows i e onsideiable develojrmcnt of fibies In the adult the 
vitieons huinoui of tlu eve is a peisistcnt foim ol rnuious tissue in whuh tlicie 
lie uo tibies, and lioni vvhieli flu eellh have disappeuied, li>avmg only tlu mucinous 
giouiid uubstaiuc 

Retlfonu or reticular tissue (hg 2f)) is found extensively in nnny paits ol 
the bod>, (onstitu'mg the liamework of some organs and cnteimg into the 
• o 2 
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construction of many mucous membranes. It is a variety of connective tissue, i 
which the interceliular or groimd substance has, in a great measure, disappearec 
and is replaced W fluid. It is apparently composed almost entirely < 
extremely fine bunmes of white fibrous tissue, forming an”intricate network, an 

h'la. 25.—^Mucous tissue from the umbiMcal cord of the human foetus (four months). 



clio.iiiic;iIly it yields gelatin. The fibres arc covered and concealed in places 1 
flattened f)ranched cxinnective- tissue cells. lu many situations the iniers(io<fs 
the network are filled ivith rounded lymp]i-cf>rpU8cles, and the tissue is tin 
termed lymphoid or adenoid tissue (seci fig. 83, p. 63). 


I'm. 26.—Retifomi connective tissue, from a lymphatic gland. 



Baroment membranes, formerly described ns homogeneous membranes, 
most oases really a form of connective tissue. They constitute the suppolp 
membrane, or membrana propria, on which is placed the epithelium of ihu^ 
membranes or secreting glands, and they are also found in other situations. ' ! 
means of staining with nitrate of silver they may be shown to consist usua 
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of flattened cells in close apposition, and joined together by their edges, thus 
formiiig an example of an epithelioid arrangement of connective tissue cells. In 
some ratuatious the cells, instead of adhering by their edges, give off branching 
processes which jmu with similar processes of other cells, and so form a network 
rather than a continuous membrane. Some basement membranes are composed 
of elastic tissue, as in the cornea, others are merely condensed matrix. 

Vessels and nerves of conneotive tissne. —The hlood-tkssels of connective 
tissue are very fa|y—that is to say, there are few actually destined for the tissue 
itself, although m'any vessels carrying blood to other Structures may permeate 
one of its forms, the areolar tissue* In white fibrous tissue the blood-vessels 
usually run parallel to the longitudinal bundles and between them, sending trans-* 
. verse communicating branches- across; in some forms, as in the periosteum and 
dura mater, they are fairly numerous. In yellow elastic tissue, the blood-vessels 
also run between the fibres,, and do not penetrate them. Lymphatic vessels are 
very nuihorous in most forms of connective tissue, especially in the areolar tissue 
beneath the skin and the mucous and serous surhices. They are also found in 
abundance in the" sheaths of tendons, as well as in tno tendons themselves. Nerves 
arc to be found in the white fibrous tissue, where they terminate in a special manner ; 
but it is doubtful whether any nerves terminate in areolar tissue; at all events, 
they have not yet been demonstrated, and the tissue is possessed of very Uttlc 
sensibility. 

Development of connective tissue. — Conneotive tissue is developed from 
cells of the me.soderm. These cells, at first rounded, become fusiform and 
branched, and ultimately form connective tissue corpuscles. A mucinous inter¬ 
cellular substance or matrix, j)artly derived from the cells themselves and partly 
from the lyrn])!! exuded by the neighbouring blood-vessels, gradually separates the 
cells. In the matrix the fibres are deposited, probably under the influence of the 
culls, but not by any transformation of tlie cell protoplasm. In the case of yellow 
clastic fibres, r«)W8 of granules of ebistin are first laid down ; these eventually fuse 
iwto tlio fully devcl()pcd fibre. 

OAim],A(}E 


Cartilage is a non-vasculur structure which is found in various parts of the 
body—in adult life chiefly in the joints, i»i the parietes of the thorax, and in 
various tubes, such .is the air-passages, nostrils, and ears, wbicli require to be kept 
periiiaucutly opcji. In the feetus, at an early period, tho greater part of tlie 
skeleton is cartilaginous. As this cartilage! is afterwards rephiced by bone, it is 
called temporary, in contradistinction to that which remains uuossified during the 
whole! of life and is called fsTmanent. 

I'artilagc is dividc'-d, according to its minute stnicturc, into byaline cartilage, 
wliite fibro-cartilage, and yellow or elastic fibre)-csvrtilage. Besides these varieties 
met with in the aelult human sub- 




jeet, variety called cellular Pjen 27.—Human oartiiage-oells from the 

cartilaije, which consists entirely, or cricoid cartilage, x 350. 

eilmost entirely, of cells, united in 
somi! ejases by a network of very 
line! fibres, in otlien cases apparently 
destitute of any intercellular sub¬ 
stance, the cells being separated 
from each other by their capsulo-j 
only, whi(!h ui this variety of car¬ 
tilage are extremely well marked. 

Cellnlai cartilage is found in the 
external ears of rats, mi(!e, and 
some- j^yixer animals, and is present 

m CTf^otochord of the human embryo, but is not found in any other human 
structure. The various cartilages in the body arc also classified, according to 
their functions and positions, into articular, interarticular, costal, and 
. MBtobraniform. 

^ jiPtiyaline cartilage, which may bo taken as the typo of this tissue, consists of a 
gl^tly mass of a firm consistence, but of considerable elasticity arid poarly- 
bhtish colour. Except where it coats the articular ends of bones, it is covered 
externally by a fibrous membrane, the perichondrium, from the .vessels of which 
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' it imbibes its nutritive fluids, being itself destitute of blood-vessels. It contains 
no nerves. Its intimate structure is vei]^ simple. If a thin slice be examined under 
the inicroscopc, it will be found to consist of cells of a rounded or bluntly angular 
form, lying in groups of Ifwo or more in a granular or almost homogeneous matrix 
(fig. 27). The cells, when arranged in groups of two or more, have generally 
straight outlines where they are in contact with each other, and in the rest of their 
circumference are rounded. They consist of clear translucent protoplasm, in which 
fine interlacing filaments and minute granules are sometimes presemt; imbedded 
in this are one or two round nuclei, having the usual intranuclear networks. The 
cells are contained in cavities in the matrix, called earlilmje lacuna ); around these 
'the matrix is arranged in concentric lines, as if it had been formed in successive 
portions around the cartilage-cells. This constitutes the so-called capsule of the 
space. Each lacuna is generally occupied by a single cell, but during the division 
of the cells it may contain two, four, or eight cells. 

The matrix is transparent and apparently without structure, or else presents 
a dimly granular appearance^ like ground glass. Some observers have shown 
that the matrix of hyaline cartilage, and especially of the articular variety, after 
prolonged maceration, can be broken up hito fine fibrils. Tliese fibrils are prob¬ 
ably of the same nature, chemically, as the white fibres of connective tissue. It 
is believed by some histologists that the matrix is permeated by a number of line 
channels, which connect the lacunae with each other, and that these canals com¬ 
municate with the lymphatics 
of the perichondrium, and 
thus the structure is per¬ 
meated by a current of 
nutrient fluid. 

Articular cartilage, costal 
cartilag((, and tomjiorary car¬ 
tilage arc all of tin; hyaline 
variety. They ])r(!.sent iniuute 
difl'ei’cnccs in the size and 
shape ol their cells and in the 
arrangement of their matrices. 

In articular cartilage (fig. 
28), which show's no tendency 
to ossification, the matrix is 
finely granular : the cells and 
nuclei arct small, and are dis¬ 
posed parallel to the surface 
ill the supcTficiarpart, while 
nearertothe boneithey become 
vertical. Articular ciirtit^es 
have a tendency to split in a 
vertical direction ; in disease 
tliis tendency becomes very manifest. The free surface of articular cartilage, where 
it is exposed to friction, is not covered by perichondrium, though a layer of con¬ 
nective tissue continuous with tlmt of the synovial iiiembraiie can bo traced in 
the adult over a small pait of its circumfere.nce, and here the cartilage-cells arc 
more or less branched and pass insensibly into the branched connective tissue 
corpuscles of the synovial membrane. Articular cartilage forms a thin incrus¬ 
tation upon the joint-suriaces of the bones, and its elasticity enables it to break 
the force of concussions, while its smoothness affords ease and freedom of move¬ 
ment. It varies in thickness according to the shape of the articular surface on 
which it liei; where this is convex the cartilage is thickest at the centre, the 
reverse being the case on concave articular surfaces. It appears to derive its 
nutriment partly from the vessels of the neighbouring synovial membrane ami 
partly from those of the bone upon which it is implanted. Toynbee has shown 
that the minute vessels of the cancellous tissue as they approach the articular 
lamella dilate and form arches, and then return into the substance of the bone. 

In costal cartilage the cells and nuclei arc large, and the matrix has a tendency 
to fibrous striation, especially in old age (fig. 29). In the thickest parts of the 
costal cartilages a few large vascular channels may be detected. This appears, 
at first sight, to bo an exception to the statement that cartilage is a non-vascular 


Iho. 28.—^Vortical section of articular cartilage. 
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tissue, but is not so really, for the vessels give 0.9 bra.nche8 to the cartilage sub- 
stauce itself, and the chatuiels may rather be looked upon as involutions of the 
perichondrium. The ensiform cartilage and the cartilages of the nose, larynx and 
trachea (except the epiglottis and cornicula laryngis, which are composed of elastic 
fibro-oartilage) resemble the costal cartilages in microscopical characters. 

The hyaline cartilages, especially in adult and advanced Kfe, are prone to 
calcify— that is to say, to have their matrix permeated by calcium salts without 
any appearance of true bone. The pro¬ 
cess of calcification occurs frequently, 
according to Kollett, in such cartilages 
as those of the trachea and in the costal 
cartilages, where it may b(! succeeded by 
conversion into true bone. . 

White fibro-cartilage consists of a 
mixture of white fibrous tissue and carti¬ 
laginous tissue in various proportions; to 
the former of these constituents it owes 
its flexibility and toughness, and to the 
latter its elasticity. When examined 
under the micro8COf)e it is found t * be 
]riadc up of fibrous connective tissue 
arranged in bundles, with cartilage-cells 
between the bundles ; the cells toacertain 
extent resemble tendon-cells, but may be 
distinguished from them by being sur- 
rouudo<i by a concentrically striated area 
of cartilage Jiiutrix and by being less 
fliittiaicd (fig. 30). The fibro-caitilagcs 
admit of arraugemeut into four groups 
.—interarticular, connecting, circumferen¬ 
tial, and stratiform. 

1. The inierarticular Jibro-rarlilm/cs 
{mminci) are flattened flbro-cartiluginous plates, of a round, oval, triangular, or 
sickle-like form, interposed between the articular cartilages of certain joints. 
They are free on both surfaces, usually thinner towards the centre than at the 
circumference, and held in positkm bv the attachment of their margins and 
extremities to the surrounding ligurnciits. 'J'he synovial membranes of the joints 
arc prolonged oyer them. They are found in tlm temporo-mandibular, sterno¬ 
clavicular, acromio-da vicular. 
wrist- and knee-joints—^i.e. in 
those joints which are most 
exposed to violent concussion 
and subject to frequent move¬ 
ment. Their uses are to 
obliterate the intervals be¬ 
tween opposed surfaces in 
their various motions; to 
ijicnsase the depths of the 
articular surfaces and give 
ease to the gliding move¬ 
ments; to moderate the effects 
of great pressure and deaden 
the intensity of the shocks 
to which the parts may be 
subjected. Humphry has 
pointed out that these inter- 
articular fibro-cartilagcs serve 
an important purpose in increasing the varieties of movement in a joint. Thus, 
ill the knee-joint, then' are two kinds of motion, viz. angular movement and 
rotation, although it is a hinge joint, in which, as a rule, only one variety of motion 
is permitted; the former movement takes place between the condyles of the 
femur and the interarticular cartilages, the latter between the cartilages and the 
head of the tibia. iSo, also, in the temporo-mandibular joint, the movements 


h’lo, 30.—White fibro-cartilagc from an 
intervericbra] disc. 



Fig. 29. —Costal cartilage from a man 
seventy-six years of age, showing tlie 
development of fibrous structure (p 
the matrix. In several portions of 
the specimen two or three generations 
of cells are seen enclosed in a parent 
cell-wall. High power. 
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of opening and shutting the month take place between the fibio-cartilage and 
the mandible, the giinding movement between the glenoid cavity and the fibro* 
cartilage, the latter moving with the mandible. 

2. The connecting fibro-ca/rtilMges are interposed between the bony surfaces 
of those joints which admit of only slight mobility, as between the bodies of the 
vertebra). They form discs which are closely adherent to the opposed surfaces. 
Each disc is composed of concentric rings of fibrous tissue, with cartilaginous 
lamina; interposed, the former tissue ]>rcdominating towards the circumference, 
the latter towards the centre. 

3. The circumfereiAial ftbro-carldages consist of rims of fibro-cartilage, which 
surround the margins of some of the articular cavities, e.g. the cotyloid ligament of 

the Lip, and the glenoid 
Pio. .31.—Yellow cartilage, ear of horse. ligament of the shoulder; 

Hi(^h power. they serve to deepen the 

articular cavities and to 
protect their edges. 

4. The slratijform fibro- 
ca/lilages are those which 
form a thin coating to 
osseous grooves thi’ough 
which the tendons ol 
certain muscles glide. 
Small nnisses of fibro- 
cartilage are also developed 
in the tendons ol some 
muscles, where they glide 
over bones, as in the ten¬ 
dons of the Peroneuslongus 
and Tibiiilis posticus, 
Yellow or elastic fibre-' 
cartilage is found in the 
human body in the durieles 
ol the external ears, the Eustachian tubes, the cornicula laryngis, and the 
epiglottis. It consists of eartihige-eells and .i inatiix, the latter being pervaded 
bv a netw'oik oJ yellow elastic fibres, branching and .inastomosing in all directions, 
except iniiuedi.itely aioiind each cell, wheie there is a variable amount ol noii- 
tibrillaled hyaliiw*, mten-ellular substance (fig. 31). The filnes lesemble those 
of yellow elastic tissue, both in ajipeaianee and in being unalTeet(*d by acetic acid; 
and according to Kollelt llenr continuity w'itli the elastic fibres of the neighbouring 
tissue is deinonstr.ible. Not iulreijuently the base ol the epiglottis is eoinposed 
ol a mixture of liyaliiie and elastic fibro-cartilage. 

The distinguishing feature of cartilage eliemiedlly is that it yields on boiling 
a substance called chondrin, very similar to gelatin, but differing from it in several 
ol its reactions. It is now' Itelieved that eliondnn is not a simple bod}', but a 
mixture of gelatin with muemoid substances, ehiei among which,perhaps, is a 
eouipouiid terme.l chondro-mucoid. 

HONE 

Structure and physical properties. —Bone is one of the hardest structures 
of the anim.ll body; it possesses also a certain degree of toughness and 
elasticity. Its colour, in a fresh state, is pinkish white externally, and deep rod 
within. On examining a section ol any bone, it is seen to be composed of two 
kinds ol tisswe, one ol which is dense m texture, like ivory, and is termed compact 
tissue; the other consists of slender fibres and lamellse, which join to form a 
reticular structure; this, from its resemblance to lattice-work, is called can¬ 
cellous tissue. The compact tissue is always placed on the exterior of the bone, 
the cancellous in the interioi’. The relative quantity of those two kinds of 
tissue varies in different bones, and in different parts of the same bone, according 
as strength or lightness is requisite. Close examination of the compact tissue 
shows it to be extremely porous, so that the difference in structure between it and 
the cincellous tissue depends merely upon the different amount of solid matter, 
and the size and number of spaces in each ; the cavities are small in the compact 




tissue and the solid matter between them abundatxij wMle in the cancellous 
tissue the spaces are large and the solid matter is in smaller quantity. 

Bone during life is permeated by vessels, and is enclosed, except where it is 
coated with articular cartilage, in a fibrous membrane, the 'periosteum, by means 
of which many of these vessels reach the hard tissue. If the periosteum bo stripped 
from the surface of the living bone, small bleeding points are seen which mark the 
entrance of the periosteal vessels; and on section during life every part of the 
bone exudes blood from the minute vessels which ramHy in it. The interior of 
each of the long bones of the limbs presents a cylindrical cavity filled with 
marrow and lined by a highly vascular areolar structure, called the medullwry, 
membrane or internal periosteum, which, however, is rather the areolar envelope 
of the cells of the maiTow than a definite membrane. 

The periosteum adheres to the surface of each of the bones in nearly every 
part, but not to cartilaginous extremities. When strong tendons or ligaments 
are attached to a bone, the periosteum is incorporated with them. It consists 
of two layers closely united together, the outer one formed chiefly of connective 
tissue, containing occasionally a few fat-cells ; the inner one, of elastic fibres of the 

Fio. 32.—Human ^»one-marrow. (Highly magnified,) 

Nortnohlant with dividing nucleus 
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finer kind, forming dense membranous networks, which can be again separated 
into several layers. In young bones the periosteum is thick and very vascular, 
juid is intimately connected at either end of the bone with the epiphysial carti¬ 
lage, but less closely with the shaft, from which it is separated by a layer of soft 
tissue, containing a number of granular corpuscles or ‘ osteoblasts,’ in which 
ossification proceeds on the exterior of the young bone. Later in life the periosteum 
is thinner, less vascular, and the osteoblasts are converted into an epithelioid layer 
on the deep surface of the periosteum. The periosteum serves as a nidus for the 
raraificatiou of the vessels previous to their distribution in the bone* hence the 
liability of bone to exfoliation or necrosis, when denuded of this membrane by 
injury or disease. Fine nerves and lymphatics, which generally accompany the 
arteries, may also be demonstrated in the periostium. 

The marrow not only fills up the cylindrical cavities in the shafts of the long 
bones, but also occupies the spaces of the cancellous tissue and extends into the 
larger bony canals (Haversian canals) which contain the blood-vessels. It diffors 
in cojii}) 08 ition in different bones. In the shafts of the long bones the marrow 
18 of a ifellow colour, and contains, in 100 parts, 96 of fat, 1 of areolar tissue and 
vessels, and 3 of fluid with extractive matter; it consists of a basis of connective 
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tissue supportinf? numerous bloo4-vos8ols and colls, most o£ wiich are fat-cells, 
but some are ‘ marrow-cclIs,’ such as occur in the red marrow to be immediately 
descj'ibed. In the flat and short bones, in the uHicuIar ends of the long bones, in 
the bodies of the vertebriJ^, in the cranial diploe, and in the sternum and ribs, the 
marrow is of a red colour, and contains, in 100 parts, 76 of water, and 26 of solid 
matter consisting of cell-globulin, nucleo-protein, extractives, salts, and only a small 
proportion of fat. The red marrow consists of a small quantity of connective tissue, 
blood-vessels, and numesous colls (fig. 32), some few of which are fat-cclls, but 
the great majority are roundish nucleated cells, the true marrow-cells ’ of 
Kolliker, These marrow-cells proper, or myelocytes, resemble in appearance 
lymphoid corpuscles, and like them are amceboid; they generally have a hyaline 
protoplasm, though some show granules either oxyphil or basophil in reaction. 
A number of eosinophil cells are also present. Among the marrow-cells may be 
seen smaller cells, which possc-ss a slightly pinkish hue ; these are the erythroblasts 
or normcltlastii, from which, as we have se(m, the red corpuscles of the adult are 
derived, and which may be rygarded as descendants of the nucleated coloured 
corpuscles of the, embryo. Oiavl-cells (myeloplnxes, osteoclasts), large, multi- 
nucleat(td, protoplasmic masses, arc also to be found in both sorts of adult marrow, 

but more particularly in rod marrow. 
They were believed by Kolliker to 
be concerned in the absorption of 
bone-matrix, and hence Ihe name 
which he gave to them - - ustcm lasls. 
They excavate in the bone small 
sliallow pita or cavities, which are 
named Jlowship’s lartinn-, and in 
these they are found lying. 

VesselB and nerves of bone.— 
The Unod-vessels of bone, are very 
numerous. Those of the compact 
tissue are derived from a close and 
dense network of vessels ramifying 
in the jicriosteum. From this mem¬ 
brane vessels pass into the minute 
orifices in the compact tissue, and 
run through the canals which 
t^a^■ers<^ its substance. The can¬ 
cellous tissue is sujqdied in a similar 
way, but by less numerous and larger 
vessels, which, perforating the outer 
compact tissue, are distributed to 
the cavities of the spongy portion 
of the bone. In the long bones, 
numerous apertures may be seen at 
the ends near the articular surfaces ; some of these give passage to the arteries 
of the larger set of au'SsoIh referi’cd to ; but the most numerous and largest 
apertures are for the vc.ins of the cancellous tissue, which emerge apart from the 
arteries. The medullary canal in the shaft of a long bone is supplied by one large 
artery (or sometimes more), which enters the bone at the nutrient foramen (situated 
in most cases near the centre of the shaft), and perforates oblicjuely the compact 
structure. The medullary or nutrient aitery, usually accompanied by one or two 
veins, sends branches u])wards and downwards, which ramify in the medullary 
membrane, and give twigs to the adjoining canals. The ramifications of this vessel 
ana8tomose*with the arteries of the cancellous and compact tissues. In most of the 
flat, and in many of the short spongy bones, one or more large apertures are observed, 
w'hich transmit, to the central parts of the bone, vessels corresponding to the 
medullary arteries and veins. The veins emerge from the long bones in three places 
(Kolliker)—(1) one or two large veins accompany the artery ; (2) numerous large 
and small veins emerge at the articular extremities ; (.3) many small veins pass out of 
the compact substance. In the flat cranial bones the veins are large, very numerous, 
and run in tortuous canals in the diploic tissue, the sides of the canals being 
formed by thin lamolljc of bone, pcrforatotl hero and there for the passage of branches 
from the adjacent cancolli. The same condition is also found in all cancellous 


Fio. 33.—From a transverse section of the 
diaphysis of the humerus. Magnified. 
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tissue, the veirts being enclosed and supported by osseous structure, and having 
exceedingly thlu coats. • When the bony structure is divided, the vessels remain 
patulous, and do not contract in the canals in which they are contained. Hence 
the occurrence of purulent absorption after amputation, in those cases where the 
stump becomes inflamed and the cancellous tissue is infiltrated and bathed by pus. 
Lymphatic vessels, in addition to those found in the periosteum, have been traced 
by Cruikshank into the Substance of bone, and Klein describes them as running 
in the Haversian canals. Nerves are distributed freely to the periosteum, and 
accompany the nutrient arteries into the interior of the bone. They are said by 
Kollikcr to be ihost numerous in the articular extremities of the long bones, in the 
vertebriB, and in the larger flat bones. 

Minute anatomy. —The intimate structure of bone, in all essential particulars 
identical in the compact and in the. cancellous tissue, is most - easily studied in 
a transverse seciion from the compact wall of one of the long bon(>.s after 
maceration (fig. 33). 

If this be examined with a rather low power thp bone will be seen to be mapped 
out into a number of circular districts each consisting of a central hole surrounded 
by a number of concentric rings. These districts are termed Havci'sian systems ; 
the central hole is an Haversian caiud, and the rings are layers of bone-tissue 
arranged concentrically around the central canal, and termed lamelhr. Morc- 

Fio. 34.— Traitsvcrso sc-'.;tion of compact tissue of l)one. 

Magnified. (,Shar)H'y.) 



over, oti closer examination, it will be found that between these lamellai, and 
therefore also arranged concentrically around the central c.inal, are a number of 
little dark spots, the lacuiue, and that these lacuna) aie connected with each other 
and with the central Haversian canal by a number of fine dark lines, which 
radiate like the spokes of a wheel and are called canaliculi. All these stnictures— 
the concentric lamella), the lacunie, and the canaliculi—may be seen in any single 
Haversian system forming a circular district round a central Haversian canal. 
Filling in the irregular intervals which arc left between these circular systems arc 
other lamella), with their lacuna) and canaliculi running in various directions, 
but more or less curved (fig. 34). These arc termed interstitial lamella). Again, 
other lamella?, for the most part found on the surface of the bone,•are arranged 
parallel to the circumference of the bone, constituting, as it were, a single 
Haversian system of the whole bone, of which the medullary cavity would repre¬ 
sent the Haversian canal. These latter lamelhe are termed circumferential, or 
by some authors primary or fumlamental lamella), to disfinguish them from those 
laid down around the axes of the Haversian canals, which are then termed 
secondary or special lamella*. 

The Haversian cMnals, seen in a transverse section of bone as round holes at or 
about the centre of each Haversian system, may be demonstrated to be true 
canals, if a longitudinal sf'ction be made (fig. 35). It will then be seen that the 



canals run 
then branc 


HISTOLO&Y..^'^^ 

*■ ' ‘ 

parallel with the longitudinal axis of the bone for a short distance and 


and communicate. 


Fig. 35.—Section parallel to the sur¬ 
face from the shaft of the femur. 
Magnified 100 times. 


They vary considerably in size, some being as 
much as ^ }ftf of an inch in diameter; the 
average size is, however, about of an 
inch. Near the medullary cavity the canals 
are larger than those near the surface of 
the bone. Each canal contains one or two 
blood-vessels, with a small quantity of 
delicate connective tissue and some nerve 
filaments. In the larger ones there are also 
lymphatic vessels, and cells with branching 
processes which communicate, through the 
canaliculi, with the branchiKl processes of 
certain bone colls in the s ibstanoe of the 
bone. Those canals near the surface of the 
bone open upon it by minute orifices, and 
tho8(! near the medullary cavity open in the 
same way into this space, so that the whole 
of the bone is permeated by a system of 
blood-vessels running through the bony 
canals in the centres of the llavcisiiin 
systems. 

The lamellcB are thin plates of bone- 
tissue encircling the central canal, and m!iy 
be compared, for the sake of illustration, to 
a number of sheets of paper pasted one over 
another around a central hollow cylinder. 
After macerating a piece of bone in dilute 
mineral acid, these lame,ll;e may be stripped 
oil in a longitudinal direction as thin films. • 
If one of these be examined wilh a. high 
power of the microscopi', it will be found 
to be composed of a finely reticular struc¬ 
ture, made up of very slender transparent 
fibres, decuss.iting obli(|uel 3 % and coalescing 
at the points of intersection. These fibres are composed of fine fibrils identical 
with those of white connective tissue. The intercellular matrix between the 
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Fig. 3(1.— Lamella) torn from a decalcified human parietal bone to show the 
perforating fibres of Sharpey. (Copied from a drawing by Alien Thomson.) 



L'mforating fihrea oj 
Sharpeg 

AjH-rtuma from which 
the fibres have been 
wit)alrawn 


Uecumating fibres in 
lamella 


fibres is impregnated by calcareous deposit which the acid dissolves. In miiny 
places the various lamellm may bo seen to be held together by tapering 
fibres, which run obliquely through them, pinning or bolting them together. 




These fibres yrere first described b 7 Sharpey, and were nSmed by him ^foraling 
fibres (fig. 36). • 

The lacunoB are situated between the lamelloe, and consist of a number of oblong 
spaces. In an ordinary microscopic section, viewed by transmitted light, they 
appear as dark, oblong, opaque spots, and were formerly believed to bo solid cells. 
Subsequently, when it was seen that the Haversian canals were channels which 
lodged the vessels of the part, and the canaliculi minute tubes by which the plasma 
of the blood circulated through the tissue, • 

the theory was formulated that the lacun® pio. 37.—Nucleated bone-cells and 
were hollow spaces filled during life with their processca, contained in the 

the same fluid, and only lined (if lined at bone-lacunaB and their canalicuu 

all) by a delicate membrane. But this view respectively. From a section through 
was eventually proved to be erroneous, for vertebra of an adult mouse, 

examination of the structure of recent bone (Klein and Noble Smith.) 
hid Virchow to believe that each lacuna is 
occupied during life by a branched cell, 
icrmed a bone-(!ell or bone-corpuscle, the 
processes from which pass down the canali¬ 
culi — a view which is now universally 
accepted (fig. 37). It is by means of these 
cells that th(i fluids necessary for nutrition 
are brought into contact with the ultimate 
tissue of bone. 

The canaliculi are exceexlingly minute 
(ilifiriiKils, which pass across the lamellse 
and (ionnect the lacunae with neighbouring 
lacuna! and also with the Haversian canal. 

From the Haversian canal r a number 
of otinalicidi are given off, which radiate 
•from it, and open into the first set of lacunoo between the first and second 
lamellfo.' From tbos(! lacun® a seexind set of ianaliculi is given off, which 
passes outwards to the next series of lacunae, and so on until the periphery of the 
Haversian system is reached; here the (sanaliculi given off from the last sericis 
of liicnine do not communicate with the lacuna! of neighbouring Haversian 
systems, but after passing outwanls for a short distance form loo])s and return to 
iheir own lacunae. Thus every part of an Haversian system is supplied with 
nutrient fluids deriv»!d from the vessels in the Haversian canal and distributed 
tbrough tin* canaliculi and lacunae. 

The bone-cells are containc'd iti the, lacun®, which, however, they do not com¬ 
pletely fill. They are flatten<'d nucleated branched cells, which are homologous 
with those of connective! tissue ; the 

braeiches, especially in young bones, 38.—-Section of bone after the removal 

f)asH into the, cana1i(!u1i from the! earthy matter by the action of 

lacun:o. 



longitudinal section (fig. 35) 
the appearance of concentric rings is 
replaced by that of lamell® or rows 
of lacun®, parallel to the course of 
1 he Haversian canals, and these canals 
appear as half-tubes instead of circu¬ 
lar spaces. The tubes are seen to 
branch and communicate, so that each 
separate Haversian canal runs only a 
short distance. 



In thin plates of bone (as in the 

walls of the spaces which form the cancellous tissue) the Haversian canak are 
absent, and the canaliculi open into the spaces of the cancellous tissue (mcdidlary 
spaces), which thus have the s.-ime function as the Haversian canals in the more 


contact bone. , 

Chemical Composition.—Bone consists of an animal and an earthy part 
intimatety combined together. 

The anim.al part may be obtained hy immersing a bone for a considerable 
time in dilute mineral acid, after which process thej^bone comes out exactly the 
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same sha^ as befuret^ but perfectlj^ flexible, so that a long bone (one of the ribs, 
for example) can easily be tied In a knot. If nSw a tranaVerse section is made 
(flg. 38), the same general arrangement of the Havemian canals, .lamella), lacunae, 
and oanaliculi, is seen, though not so.plainly as in the ordinary section. 

The earthy part may be .‘separately obtained by calcination, by which the 
animal matter is completely burnt out. The bone will still retain its original 
form, but it will be white and brittle, will have lost about onc-third of its original 
weight, and will crumbld down with the slightest force. The earthy matter 
is composed chiefly of calcium phosphate, forming about 66‘7 per cent, of the 
weight of the bone ; it confers on bone its hardness and rigidity, while the animal 
matter (ossein) determines its tenacity. 

Development. —tSome bones arc preceded by membrane, such as those forming 
the roof and sides of the skull; others, such as the bones of the limbs, are pre¬ 
ceded ^ rods of cartilage. Hence two kinds of ossification are described : the 
intranwnibranous and the inlracartila^finous. 

IntramembranouB ossification. —in the case of bones which arc developed in 
membrane, no cartilaginous mould precedes the appearance of the bone tissue. 
The membrane which occupies the place of the future bone, is of the nature, of 
connective tissue, and ultimately forms the periosteum; it is composed of fibres 

I'lo. 39.- -Part of the gi-owing edge of the developing ])aricial bone of a fmtal cat. 

(After J. Lawrence.) 


rition of 
adjacent ■■ 
ejiteiiloa 


Ostcotilasts 



and granular cells in a matrix. The perijdieral portion is more fibrous, while, 
in the interior the ('clls or osteoblasts predominate ; the whole tissue is richly 
supplied w'ith blood-vessels. At the outset of the process of bone formation a little 
network of bony spicules is noticed radiating from t he point or centre of ossification. 
These rays consist at their growing points of a network of fine clear fibres and 
granular ♦•orpusch's with an intervening ground substanee (fig. 39). The fibres are 
termed osteoijeneiie fibres, and arc made up of line fibrils differing little, from those 
of white fibrous (issue. Like them they arc probably deposited in the matrix 
through the influenee of the cells—in this case the osteoblasts. The membrane 
soon assume8‘’a dark and granular appearance from the deposition of calcareous 
granules in the, fibres and in the intej’vening matrix, and in the calcified material 
some,.of the, granular corpuscles or osteoblasts arc enclosed. By the fusion of 
the calcareous granules the tissue again assumes a more transparent appearance, 
but the fibres are. no longer so distinctly seen. The involved osteoblasts form 
the corpuscles of the future bone, the spaces in which they are oiclosed constituting 
the lacuuK). As the osteogenetic fibres grow out to the periphery they continue 
to calcify, and give rise to fresh bone spie-ulcs. Thus a network of bone is formed, 
the meshes of ..which contain the blood-vessels and a delicate* connective tissue 
crowded with osteoblasts. Tiie bony trabecula; thicken by the addition of fresh 




Tho firat step in tin; ossilicatiun of the cartilage is that the cavtilage-cplls, 
at the point •where ossification is cojninciicing and which is tcrmed*a centre of 
ossification, enlarge and airange themselves in rows (fig. 40). The matrix in 
which they are imbedded increases in cpiantity, so that the ecdls become further 
sc'parated from each other. A deposit of calcareous material now takes place in 
this matrix, between the rows of cells, so that they become sepjirated from each 
othcir by longitudinal columns of calcified matrix, presenting a granular and 
opaque appearance. Here and there tho matrix between two cells of the same 
row also becomes calcified, aiwl transverse bars of calcified substance stretc-h 
across from one calcareous column to another. Thus there arc longitudinal groups 
of the cartilage-c( 11s enclosed in oblong cavities, the walls of which are formed 
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of calcified matrix Which onta < 91 ! 'ah-autrition froi^ the ceUs; the ceUs, m 
conBeqaence; waste, leaving spaces called the primary areolm (Sharpey). 

, At the same time that this process is going on in the centre of the solid bar of 
cartilage, certain changed are taking place on its surface. This is covered by 
a very vascular membrane, the perichondrium, entirely similar to the embryonic 
connective tissue already described as constituting the basis of membrane 
bone; on the inner surface of th’s—^that is to say, on the surface in contact 
with the cartilage—are gathered the formative cells, the onteohlasfs. By 
the agency of these cells a thin layer of bony tissue is formed between the 
j)erichondrium and the cartilage, by the intramemhranous mode of ossification 
]ust described. There are then, in this first stage of ossification, two processes 
going on simultaneously : in the centre of the cartilage the form<ition of a 
number of oblong spaces, formed of calcified matrix and containing the withered 
cartilage-cells, and on the surface of the cartilage the formation of a layer of 
membrane-bone. The second stage consists in the prolongation into the eaitili 
of processes of the deeper or \jsteogcnetic layer of the perichondrium, which til 

now become periosteum (fig. 10 , ii 

Fio. 42.—Transverse section from the femur ^> 1(5 processes consist of blood-vessels 
of human embryo about eleven weeks ^nd cells-o.«/eo&la«ts, or bone-formers, 

and osteocIaKts, or bone-destroyers. 
The latlei are similar to the giant- 
cells (myeloplaxes) found in marrow, 
iind they excavate passages th? 
the new-formed bony layer by ali 
(ion, and pass through it into .'the 
calcified matrix (fig. fO). 
these processes come in contact with 
the calcified wall§^fy4jjOM (fomary 
.ireohr they aufT*thus 

cause a fusion of the original 
and the formation of laiger spaw, 
w Inch are termed tlTo tfBf^ndnry arrolm 
(iSh.irpey) or mednUary spaces (Miillei). 
These secondary spaces become filled 
with cmbrja|t||ytt^^ of 

ost.‘ohlastl^RRrf^yi,' feiVed, fn 
the manner deserihed above, fronx the 
o.stoogenetic layer of the pcricsteum 
(fig. tl). 

'I’hus far there h. s been traced the 
lonnation of enlarged spriTccs (second¬ 
ary areolar), th(' perforatcrl walls of 
which are still formed by e.ilcilied 
cartilage-matrix, containing an eni- 
hryonie marrow detivad from the 
processes sent in from tlyilifrteogenetic 
lavei- of the periosteum, and eonsrsting oi blood-vessels and round cells, osteo¬ 
blasts (fig. 11). The walls of these secondary areola' are at this time of only 
incouridotahle thrrkness, but they become thickened by the deposition of layers 
t>f new hone on their interior. This process takes place in the folidwing 
manner. Some ol the o&teoblasts of the embryonic marrow, alter rtndergoing 
rapid division, arrange themselves as aS epithelioid layer on the surface of the wall 
of the space (fig. 42). This layer of osteoblasts forms a bony stratum, and thus the 
wall of the ^ace becomes gradually covered with a layer of true osseous substance. 
On this a second layer of osteoblasts is arranged, and in its turn forms an 
osseous layer. By the repetition of this process the original cavity becomes very 
much reduced in size, and at last only remains as a sinall tube in the centre, 
containing the remains of the embryonic marrow—that is, a blood-vessel and a 
few osteoblasts. This small cavity constitutes the Haversian canal of the com¬ 
pletely oa.sified bone. The suecessive layers of osseous matter encircling this 
central canal coi;i&titutc the lamellar of which each Haveisian system is made up. 
As the successive layers of osteoblasts form osseous tissue, certain of the osteo¬ 
blastic cells remain included between the vaiious bony layers. These persist as 





A iiK luliaiy E>p(i(v» ctil tr itisvri'stly, und h uiothoi 
loHt^itudinallT f Soulvimined osseous 

siibstatK'o of i coloiit f Hut ol /n ilri ue. 

ijcniii with tlKircdls. V^(^^tlU unilftl to an 
osteoldabt 


tie cells of the ^t4T»^oii^ the tbc$m forming the lacunae 

^(hg. 41). The oanaliculi» At first e7rt;remel7' shbrt, Are supposed to be extended 
by absorption, so as to meet those of neighbouring JacUnaa. 

Such are the changes which may be observed at one particular point, the centre 
of ossification. While they have been going on ^a similar process has been set up 
in the surrounding parts and has been gradually proceeding towards the ends of 
the shaft, so that in the ossifying bone all the changes described above may be 
seen in different parts, from the tnie bone in the centre o^the shaft to the hyaline 
cartilage at the extremities. The bone thus formed differs from the bone of the 
adult in being more spongy and less regularly lamellated. 

The shaft of the bone is at first solid, but a tube is hollowed out in it by* 
absorption around the vessels^^passing into it, and this becomes the medullary 
canal. This absorption is supposed to be brought about by largo gLant-cells, the 
so-called osteoclasts of Kolliker (fig. 41,/). They vary in shape and size, and 
a large number of clear nuclei, sometimes as many as twenty. The occur- 
> of similar cells in some tumours of bones has led to such tumours being 
nominated ' myeloid.’ The absorption of bone from the interior to form the 

Jullary canal is progressive, and is accompanied by a progressive deposition of 
bone on the exterior from the periosteum, until the bone has attained the shape and 
size which it is destined to retain during adult life. 

While the ossification of the cartilaginous shaft is extending towards the 
articular ends, the cartilage immediately in advance of the osseous tissue continues 
jw until the length of the adult bone is reached. 

ring the period of growth the articular end, or epiphysis, remains for some 
?%itirely cartilaginous, then a bony centre appears, and initiates in it the 
AApe-process of intracartilaginous ossification : but this process never extends to 
any great distance. The epiphysis remains separated from the shaft by a narrow 
cartila^gus layw for a definite time. This layer ultimately ossifies, the dis- 
tinctiwai^ and epiphysis is obliterated, and the bone assumes its 

com plet ed fonn 'aha?%liape.. The same remarks also apply to such processes 
of^lOffe as ate separately ossified, e.g. the trochanters of the femur. The bones 
therefore continue to grow until the body has acquired its full stature. They 
incrciise in length by ossification continuing to extend behind the epiphysial 
cartilage, which goes on growing in advance of the ossifying process, they 
iiKTcase in cii:cum^i;ence by deposition of new bone, from the deeper 
layer of f!hh their external surface, and at the same time 

an absorption takes place from within, by which the medullary cavities arc, 
increased. 

The medullary spaces which characterise the cancellous tissue are produced 
by the absorption of the original foetal bone in a manner similar to that by which 
the original •medullary canal is formed. The distinction between the cancellous 
and the compact tissue appears to depend essentially upon the extent to which 
this process of absorption has been carried. In some morbid states of the bone 
inflammatory absorption produces exactly the same change, and converts portions 
of bone,.Jiaturally compact, into cancellous tissue; in other pathological con¬ 
ditions dcB^ bone may be formed. 

The number of osaific centres varies in different bones. In most of the short 
bones ossification commences by a single point near the centre, and proceeds towards 
the surface. In the long bones there is a central point of ossification for 
the shaft or diaphysis : and one or more for each extremity, the epiphysis. That 
for the shaft is the first to appear. The times of union of the epiphyses with the 
shaft vary inversely with the times at which their ossifications began (with the ex¬ 
ception of the fibula) and regulate the direction of the nutrient arteries of the 
bbnes. Thus, the nutrient arteries of the bones of the arm and hirearrn are 
directed towards the elbow, since the epiphj'ses at this joint become united to the 
shafts before those at the opposite extremities. In the lower limb, on the other 
hand, the nutrient arteries are directed away from the knee : tha;t is, upwards in 
the femur, downwards in the tibia and fibula; and in them it is observed that 
the upper epiphysis of the femur, and the lower epiphyses of the ’tibia and 
fibula, become first united to the shafts. 

Where there is only one epiphysis, the medullary artery is directed towards 
the other end of the bone ; as towards the acromial end of the clavicle, towards 
the distAl ends of the metacarpal bone of the thumb and the metatarsal bone 
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oithe great toe, and towards the proximal ends of the other metacarpal and 
metatarsal bones. 

Besides. these epiphyses for the articular ends, there are others for projecting 
parts or processes, whioli are formed separately from the bulk of the bone. 
For an account of these the -reader is referred to the description of the 
individual bones.*. * 

Parsons {Journal of Anatomy and Physiology, vol. xxxviii.) groups epi¬ 
physes under three headings, viz. (1) 'pressure epiphyses, appearing at the articular 
ends of the bones and transmitting ‘ the weight of the body from bone to bone ’; 
(2) traction epiphyses, associated with the insertion of muscles; and (3) atavistic 
•epiphyses, representing parts of the skeleton which at one time formed s<!paTate 
bones, but which have lost their function ‘ and only appear as separate ossifications 
in early life.’ 

Applied Anatomy. —It has been slated above that the bones increase firstly in length 
by ossification continuing to extend in the epiphysial cartilage, which goes on growing in 
advance of the ossif 3 dng process ;‘and secondly in circiimferrnee by deposition of new bone 
from the deeper layer of the periosteum, on the external surface. A thorough realisation 
of these facts is essential to the student, when he comes to consider the various patho¬ 
logical changes which affect bone. Anything which interferes with the growth at the 
epiphysial line will load to a diminution in the length which the bone should attam in 
adult life, and similarly anything which interferes with the growth from the deeper layer 
of the periosteum will result in a dispropoition in the thickness of the bone. Thus separa¬ 
tion of the epiphysis, septic or tuberculous disease about the epiphysial Imc, and excisions 
involving the epiphysial lino, will result in varying amounts of shortening of the bone, as 
compared wdth that of the opposite sido; whereas separation or imptirfect nutrition of 
the periosteum results in defective growth in circumference. , 

It is thus obvio\i8 that a careful study of osseous development is of the very greatest 
utility in the proper understanding of bone disease ; and, moreover, an accurate knowledge 
of the blood supply of a long bone has also many important lasarings. The outer portion 
of the compact tissue l)eing supplied by periosteal vessels, which reac)h the bone through 
muscular attachments, it follows that where the muscular structures are w-oll dcvoloi'od, 
and there’fore amply supplied with blood, the periosUmm will also In; well nourislicd 
and the bones proportionately well developed in girth ; this is well seem in strong 
muscular men with well-marked ridges on the bones. Conversely, if the muscular 
devclo))mont bo poor, the Itoncs art* corresjwndingly thin and light, and if from any cause 
a limb has been paralysed from early childhood, the whole of the bones of that extremity 
are remarkable for their extreme thinness—that is to say, the periosteal blood supjily 
has been insufficient to nourish that membrane, and consequently very little fresh osseous 
tissue has been added to the bones from the outside. 

I’ho best exami)le of tliis condition is seen in connection w-ith the disease known as 
infantile paralysis, where a limb becomes paralysed at a very early j)eriod of childhood, 
w'herc the muscles become ilaccid and atonic, and whore the blood supply is in eonsciqucncc 
very greatly diminished. In such cases, although the limb docs continue to grow' in length 
from the epiphysial lines, its length is considerably less than on the normal side, owing 
to the imperfect nutrition ; but the most striking feature about all the long bones of 
the limb is their remarkable tenuity, little or no addition having been made to their 
circumferences. 

In cases where the periosteum has been sejiaratod from the compact tissue by extensive 
injury or inflammatory exudation, necrosis or death of the underlying portion of bone 
takes place owing to its blood supply having been cut off, and the dead portion or 
sequestrum has to bo subsequently separated and cast off. 

Cases, however, occur where the inflammatory process affects the whole or a great 
portion of the diaidiysis of a long bone, and here extensive death of the affeetwl jKirtioii 
takes place, and the condition goes by the name of acute infective periostitis. Where this 
occurs the shaft of the Iwno dies very rapidly, especially if the single nutrient artery l)e 
thrombosed at the same time. The pus which has formed beneath the periosteum is set 
free by timely incision, or bursts on the surface ; the periosteum then falls back on tfee 
necrosed diaphysis and rapidly forms a layer of new periosteal bone, surrounding the 
sequestrum. This layer is called the involvarum, and the openings in it through which 
the pus escapes the chiacce. When the inflammatory process affects mainly the medullary 
canal, the condition is spoken of as osteo-mydUis, and the two conditions \'ory frequently 
co-exist, and then go by the name of acute infective necrosis of bone or acute diaphysitis. 
When the medullary cavity is filled with pus, septic thrombosis of the veins in the 
Haversian canals takes place, and there is a very great danger of septic emboli being 
displaced and carried into the general circulation, thus sotting up a fatal pymmia. In 
fact, pyeemia is more frequently due to septic bone conditions rfian to any other cause. 

In the pro-antiseptic days, pyismia frequently resulted, from amputations, where the 
medullary canal of a long bone was opened by the saw cut. Osteo-myelitis'onsued, 
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), .nH if the patient survived, a tubular sequestrum of the divided shaft subsequently 
separated. , ly 

A proper understanding of the epiphyses is of the utmost possible importance to the 
student, and greatly simplifies many of the problems in the pathology of bone disease. 

Speaking generally, the lung bones have at either end an epiphysis from the cartilage 
of which growth occurs, and hence the shaft of the bone increases jn dength from both 
ends. In every cose, however, one epiphysis is the more active, and also continues in its 
activity for a longer time. This amvdy growing epiphysis is always the one from which 
the nutrient foramen in the diaphysis points, and it unites toethe shaft at a later date. 
It follows, therefore, that the increase in length of a long bone is largely dependent on 
this epiphysis, and hence anything which interferes with the growth from this epiphysial 
line at any time prior to the union of the epiphysis with the shaft must result in a • 
cessation of growth in length of that bone. Thus when dealing with disease in the neigh¬ 
bourhood of this actively growing epiphysis very great care should bo taken not to excise 
or destroy its lino of union with the shaft. These epiphyses are particularly prone to 
become the seat of tuberculous disease, which especially tends to attack the soft, highly 
vascular cancellous tissue. 

Again, the actively growing epiphysial line is the portion of a long bone which is 
in the vast majority of cases affected by tumour growth in bone, whether it bo inncKient 
or malignant, the former (viz. osteoma) usually appearing about puberty, and the latter 
(viz. sarcoma) usually towards the end of the active period of epiphjrsial growth. 

Eijiphysial growth, moreover, has to be considered by the surgeon when ho is about 
to amputate in a child. If the amputation is being i)orformed through a bone, the 
actively growing epiphysis of which is at ■■he upper end, and which will continue to 
grow for many years (i.c. humerus and tibia), it will Ihj necessary to make allowance for 
this and to cut the tlai>s long ; as otherwise, owing to continued growth, the sawn end of 
the bone will ultimately project through the stump, and a condition known as ‘ eonicul 
stump will result. This requires removal of a further portion of the bone. 

•An indaramatory condition temed acute epiphysitis also occurs, although it is not so 
frequent as the acute infective conditions of the diaphysis, owing to the fwjer blood supply 
of tlie epiphysis ; in lale years it has been shown that acute epiphysitis in children is very 
frequently the r<>sult of a pneumococcal infection, and it mayjjass on to complete separation 
o.'' the cpifdiysis. In this connection it is worthy of note that some of the epiphysial 
lihca lie entirely uithin the capsules of their corresponding joints, in other cases entirely 
without the ca|)sulcri ; and it must follow that in the former case epiphysial disease, acute 
or chronic, becomes, ipso facto, practically synonymous with disease of that joint. Tlio 
iK'St examples of intra-articular epi])hyses arc those for the head of the femur and head 
of the humerus, and the vast majority of all cases of tuberculous disease of the hiji start 
as a tuberculous e[)iph}'sitis about the intra-articular epiphysial line of the femur ; again 
cases of jwute scjitic arthritis of the shoulder or hip joints generally have their origins in 
these intra-articuhw epiphysial lines, and often result in He])aration of tlie ailecUsd epiphysis. 
Th<‘ otlu-r class, or cxtra-arlicular ejuphysos, when diseased, do not tend to involve the 
ncighboui’ing joint, so readily; and it should be the surgeon’s duty to keep the disease 
from involving the joint. P’or exaiu|)le, the trochanteric epiphysis of the femur is extra- 
articmlar as regards the hiji joint, and the epiphysial line of the hea<l of the tibia is well 
below the level of the knee joint, and should a chronic tuberculous abscess form in the 
latter situation, it should bo attacked from the outside Isiforc it has time to spread up 
and involve the cartilage' of the head of the tibia. It is therefore of great surgical interest 
to note in every ease the relations which the various epiphysial lines bear to their 
respective joint capsules. 

A knowledge pf the exact peiiods when the c|)iphyscs become joined to the- shaft is 
often of great im|iortance in mcdico-lcgal inquiries. It also aids the surgeon in the dia¬ 
gnosis of many of the injuries to wliich the joints are liable ; for it not infrequently hap[iens 
lhat, on the application of severe force to a joint, the ejiiphysis becomes separated from 
the shaft, and such injuries may bo mistaken for fracture or dislocation. 


PIGMENT 

In various parts of the body pigment is found ; most frequently in ejiithuliul 
cells and in the colls of connective tissue. Pigmented epithelial cells arc found in 
the external layer of the retina, on the posterior surface of the iris, in the olfactory 
region of the nose, and in the membranous labyrinth of the ear. Pigment is 
likewise found in the cells of the deeper layers of the cuticle and in the hairs ; 
in the skin of the coloured races it is abundantly present, but in the white races it 
is well marked only in the areolm round the nipples and in irregular coloured 
patches. 

In the connective-tissue ceUs pigment is frequently met with in the lower 
vertebrates. In man it is found in the choroid coat of the eye (fig. 43), aad 
. J> 2 
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' in the im of all but the light blue eyes and the albino. It is also occasionally 
met with in the cells of retifonn tissue and in the pia mater of the upper part of 
the spinal cord. The cells arc characterised by their large size and by branched 
processes, which are also filled with granules. The processes of the cells can be 
withdrawn or protruded under the influence of -light. In the retina the cells 

themselves are also capable pi movement 
in order to protect the delicate rods and 
cones. The pigment {melanin) consists 
of dark brovm or black granules of very 
small size closely packed together within 
the cells, but not invading the nucleus. 
Occasionally the pigment is yellow, and 
when occurring in the cells of the cuticle 
constitutes ‘ freckles.’ In the retina 
another variety of pigment occurs, known 
as rhodopain or visual fwple, which on 
exposure to light is bleached. 

Applied Armlomy .—Abnonnai pigmenta¬ 
tion of the skin may l>e congenital, when it 
often takes the form of dark brown or black 
nasvi (moles), scattered over a greater or 
smaller area of the body. It may also result 
from the prolonged consumption of various 
drugs, particularly of salts of silver or arsenic, 
being most marked wherever the skin is ex¬ 
posed to the action of light. Progressive 
darkening or bronzing of the akin is also highly 
suggestive of Addison's disease, which commonly follows destruction or tuWculosis of 
the suprarenal glands: it is then most obvious in regions where the skin is normally 
pigmented, or is subjected to pre.saure or irritation from the clothes. Pigmentation is also 
associated with certain disorders of the skin, the female genitalia, and the thyroid gland, 
and with the later stages of wasting diseases such as cancer and phthisis. It docs not yield 
to any medical treatment as a rule. 


Fio. 43.—Pigment-cells from the choroid 
coat of the e}{pball. 



MUSCULAR TISSUE 

The muscles arc formed of bundles of reddish fibres, endowed with the property 
of contractility. There arc two principal kinds of muscular tissue. One of these, 
from the characteristic appearances which its fibres exhibit under the microscope, 
is known as ‘ striped ’ muscle, and, from the fact that it is capable of being put 
into action and controlled by the will, as ‘ voluntary ’ muscle. The fibres of the 
other kind do not present any cross-striped appearance, and for the most part are 
not under the control of the will; hence they are known as the ‘ unstriped ’ or 
‘ involuntary ’ muscles. The muscular fibres of the heart differ in certain 
particulars from both these groups, and they are therefore separately described 
us ‘ cardiac ’ muscular fibres. 

It is customary.therefore to define three varieties of muscular fibres : (1) trans¬ 
versely striated muscular fibres, which are for the most part under the control of 
the will, although some are not so, such as the muscles of the pharynx and upper 
part of the eesophagus. This variety of muscle is sometimes called slceMal ; 
(2) transversely striated cardiac muscular fibres, which are not under the control 
of the will; (3) plain or unstripod muscular fibres, which are involuntary and 
controlled by a different part of the nervous system from that which controls the 
activity ofi the voluntary muscles. Such are the muscular walls of the stomach 
and intestine, of the uterus and bladder, of the blood-vessels, &c. 

Striped or voluntary muscle is composed of bundles of fibres each enclosed 
in a delicate web called the perimysium in contradistinction to the sheath'of 
areolar tissue which invests the entire muscle, the cpimysium (fig. 44). The 
bundles arc termed fasciculi; they are prismatic in shape, of different sizes in 
different muscles, and arc for the most part placed parallel to one another, though 
they have a tendency to converge towards their tendinous attachments. Each 
fasciculus is made up of a strand oi fibres, which also run parallel with each other, 
and which are separated from one another by a delicate connective tissue derived 
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Fia 44. — Tians verso section 
fiom the Htet no-mas told m 
mag. Magnified 60 tunes 
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from the peritnyBium and termed endomymiitn. This does not foim the sheath ol* 
the fibres, but serves to support the blood-vessels and nerves ramifying between 
them. The fibies are enclosed in separate and distinct sheaths of t&oii own, but 
these are not areolar tissue, and therefore not denved frtftn the perimysium. 

A muscular fibre may be said to consist of a 
soft contractile substance, enclosed in a tubular 
sheath named by Bowman the sarcolemma. The 
fibies are cyhndncal oi piisniatir in shape, and arc 
of no great length, not exceeding, it is said, an 
inch and a halt. They end either by blending 
with the tendon oi aponeurosis, oi else by rounded 
01 tapeiing extremities which aio coniietted to the 
neiglibourmg fibies by means of the sarcolemma 
Their bieadth varies m man from .J,„ to , of 
an inch. As a rule, the hbies do not divide oi 
anastomose , but occasionally, especially in the 
tongue and facial muscles, they may be seen to 
divide into several branches. The pieciso mode 
in winch the muscular fibre joins the tendon has 
been variously desenbed by diftetent obseiveis 
It may, poihaps, be sufficient to say that the 
sarcolemma appeals to blend with a small 
bundle of fibres, into which the tendon becomes 
subdivided, while the muscular substance tei 
imiiates abiuptly and can be leadily nude to tctia,ct fiom the point of junction 
The aieolai tissue between tbo hbies appears to be prolonged moio or less into 
the tendon,* so as to form a kind of sheath around the tendon bundles foi a 
longer oi shorter distance. When muscular fibies are attached to skin oi 
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i lo 46 —^Two human raus- 
(ular fibres, Magmfied .S60 
times. 



In Ihp uno Uip hundl, ol lilirillv (a) is 
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h’lo. 4G.—Fragments of striped ^museulai hbies, 
showing a double rleavage. Magnified 
300 diamoteis 
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mucous membiancs, their fibres are desenbed by FIjde Salter as boeoming 
continuous with those of the areolar tissue. 

The sarcolemma, or tubular sheath of the fibre, is a tianspaicnt, elastic, and 
apparently homogeneous membrane of considerable toughness, so that it sometimes 
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■ remains entire when tile incSudbd substance is ruptured (fig. ^6). On the internal 
surface of the sarcolemma iu mammalia, and also in the substance of the fibre in 
the lower animals^ elongated nuclei are seen, and in connection with these a row of 
granules, apparently fatty, is sometimes observed. 

Upon examination of a voluntarjr muscular fibre by transmitted light, it is 
found to be marked by alternate light and dark bands or strije, which pass 
transversely, or somewhat obliquely, round the fibre (fig. 47). The dark and 
light bands are of nearly equal breadth, and alternate with great regularity. They 
vary in breadth from about , a’„,i to , of an inch. If the surface be carefully 
focussed, rows of granules will be detected at the points of Junction of the dark and 
light bands, and very fine longitudinal lines may be seen running through the dark 
bands and joining these granules together. By treating the specimen with certain 
reagents (e.g. chloride of gold) fine lines may be soeli running transversely between 
the granules uniting them together. This appearance is believed to be due to a 
reticulum or network of interstitial substance lying between the contractile portions 
of the muscle. The longitudinal striation gives the fibre the appearance of being 


Fjo. 47. — A. Portion of a medium-siised human 
muscular lilue. Magnified nearly 800 dia- 
ineters. n. Separaled l)iindlesoffil)ri!s. equally 
magnified. 
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Fig. 48. —Part of a striped mus¬ 
cular libK* of the water-beetle, 
prepared with absolute alcohol. 
Magnified IFK) diameters. (Klein 
and Noble Smith.) 
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made up of a bundle of fibrils, which have been termed sarcostyles or muscle columns, 
and if the fibre be hardened in alcohol, it can be broken up longitudinally and 
tbe sarcostyles separated from each other (fig. 46, a). The reticulum, with its 
longitudinal and transverse meshes, is called sarcoplasm. 

If now a transverse section be made, the muscular fibre is seen to be divided 
into a number of areas, called the arms of Cohnheim, more or less polyhedral 
in shape and consisting of the transversely divided sarcostyles, surrounded by 
transparent series of sarcoplasm (fig. 46, B, 6'). 

Upon closer examination, and by somewhat altering the focus, the appearances 
become more complicated, and are susceptible of various interpretations. The 
transverse striation, which in figs. 46 and 46 appears as a mere alternation of 
dark and light bands, is resolved into the appearance seen in fig. 47, which shows 
• a series of broad dark bands, separated by light bands, each of which is divided 
into two by a dark dotted line. This line is termed Dobie's line or Krause’s 
membrane (fig. 49, k), because it was believed by Krause to be an actual membrane, 
continuous with the sarcolemma, and dividing the light band into two 
compartments. It is now more usually regarded as being due to the light being 
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refracted between discs of different letrangibility. In addition to tbe membrane 
of Krause, fine dear lines may be made out, with a sufficiently high power, crossing 
the centre of the dark band ; these are known as the lines of Hensen (fig. 49, h). 

Formerly it was supposed by Bowman that a muscular fibre was made up of 
a number of quadrangular particles, which he named saroous elements, joined 
together like so many bricks forming a column, and he came to this conclusion 
because he found that under the influence of certain reagents the fibre could be 
broken up transversely into discs, us well as longitudinally into fibrillse (fig. 46, u). 
But it is now believed that this cross-cleavage is purely artificial, and that a 
muscular fibre is built pp of fibrilla? and not of small quadrangukr particles. 

Assuming that this is so, the minute structure of these longitudinal fibrillae, or* 
sarcostylcs, may now be Considered. Perhaps there are few subjects in histology 
wliicli have received more attention, and in which the ajipcarauces seen under the 
microscope have been more differently interpreted, than the minute anatomy of 
mnscnlar fibre. Schafer has work(>d out tliis subject, particularly in the wing 
muscles of insects, which arc peculiarly adapted foj‘ tliis purpose on account of the 
large amount of interstitial sarcoplasm which sepTirales the sarcostyles. Tn the. 
following description that given by Sthlifer will be closely followed (fig. 49). 

4 sareostyle may be said to be made up oJ successive portions, each ol which 
is termed a sarconwre. The saieomere is sit\iatcd between two membranes of 
Krause, and consists of (1) a eential daik part, whicli forms a portion of tlie dark 
band ol the whole fibie, and is named u sarrous element.* This sureoiis element 


Fro. 49.—^Diagram of a sarcomere. (After Sehiifer.) 

A. In moderately extended eondition. b. In a contracted condition. 
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1', 1. Mombruncb o( Kraa<!e. IT Line or plane of nonseti. s e. I’otifvroos saieouf rivmenl. 

really consists ol two parts, superimposed one on the top of the other, and when 
the fibre is stretched those two parts become sejiaiated from each other at the line 
of He.nsen (fig. 49, a). (2) On eitlier side of tins central dark portion is a clear 

layci, most visible when the fibre is extended ; this is situated between the daik 
centre and the membrane ol Krause, and when the sarcomeres are joined together 
to form the sareostyle, constitutes the light band of the striated mnscnlar fibre. 

When the surcostyle, is extended, the clear intervals arc well marked and 
plainly to bo seen ; wiien, on the other hand, the sareostyle is contracted, that is 
to say, the muscle is in a state of contraction, these clear portions arc very small 
or they may have disapjieared altogether (fig. 49, b). When the sareostyle is 
stretched to its lull extent, not only is the clear portion well marked, but the dark 
portion—the sarcous element—is separated into its two constituents along the 
line of Ueusen. 

The sarcous element docs not lie free in the sarcomere, lor when tie sareostyle 
is stretched, so as to render the clear portion visible, very fine lines, which arc 
probably septa, may be seen running through it from the sarcous element to the 
membrane of Krause. 

SchMor explains these phenomena in the following way. lie considers that 
each sarcous element is made up of a number of longitudinal channels, which open 
iiito tlie clear part towards the membrane of Krause but are closed at the line of 
Hensen. When the muscular fibre is contracted the clear part of the muscular 

* This must not be confused with the ‘ saroous element of Bowman' (see above). 
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substance is driven into ibese channels or tubes, and is therefore hidden from 
sight, but at the same time it swells up the sarcous element and widens and 
shortens the sarcomere. When, on the other hand, the fibre is extended, this clear 
substance is driven out of the tubes and collects between the sarcous element 
and the membrane of Krause, and gives the appearance of the light part between 
these two structures; by this means it elongates and narrows the sarcomere. 

If this view be tme, it is a matter of ^eat interest, and, as Schafer has shown, 
harmonises the contraction of muscle with the amoeboid action of protoplasm. 
In an amoeboid cell there is a framework of spongioplasm, which stains with 
haematoxylin and similar reagents, enclosing in its meshes a clear substance, 
• hyaloplasm, which will not stain with these reagents. Under stimulation the 
hyaloplasm passes into the pores of the spongioplasm ; without stimulation it tends 
to pass out as in the formation of pseudopodia. In muscle there is the same thing, 
viz. a framework of spongioplasm staining with haimatoxylin—the substance of 
the sarcous element—and this encloses a clear hyaloplasm, the clear substance of 
the sarcomere, which resists staining with this reagent. During contraction of 
the muscle—i.e. stimulation—fids clear substance passes into the pores of the 
spungio])lasm ; while during extension of the muscle—i.e.. when there is no stimu¬ 
lation—it tends to pass out of the spongioplasm. 

In this way the contraction is brought about: under stimulatiou the proto¬ 
plasmic material (the clear substance of the sarcomere) recedes into the sarcous 


Fia. 60.—Non-striated muscular fibre. (From Kirke’s ‘Physiology.’) 



clement, causing the sarcomere to widen out and shorten. The contraction of the 
muscle is merely the sum total of this widening out and shortening of these bodies. 

The capillaries of striped muscle are very abundant, and form a sort of rect¬ 
angular network, the branches of which run longitudinally in the endomysium 
between the muscular fibres, and are joined at short intervals by transverse anasto¬ 
mosing branches. The larger vascular channels, arteries and veins, arc found 
only in the perimysium, between the muscular fasciculi. 

Nerves arc profusely distributed to striped muscle. Their mode of termination 
is <l(!8cribcd on page 53. 

The existence of lymphatic vessels in striped muscle has not been ascertained, 
though they have been found in tendons and in the sheaths of the mu^les. 

'Unstriped, plain, or involuntary muscle is found in the following situations— 
viz. the lower half of the cesophagus and the whole of the remainder of the 
gastro-intestinal tube; in the trachea and bronchi, and Ihe alveoli and 
infundibula of the lungs; in the gall-bladder and common bile duct; in 
large ducts of the salivary and pancreatic glands; in the pelvis and calyces ol 
the kidney, the ureter, 'bladder, and urethra; in the female sexual organs— 
viz. the ovary, the Fallopian tubes, the uterus (enormously developed in pr^- 
nancy), the vagina, the broad ligaments, and the erectile tissue of the clitoris; 
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in the male sexual organs—viz. the dartos of the scrotum, the vas deferens and 
ila ^ 


Fuk 51. — AnastomaHag mus¬ 
cular fibres of the heart seen 
in a longitudinal section. On 
the right the limits of the 
separate cells with their nuclei 
ar9 exhibited somewhat dia- 
grnmmaticaily. 



epididymis, the vesicuTse seminales, the prostate gland, and the corpora cavernosa 
and corpus spongiosum; in the capsule and 
trabeculffi of the spleen-; in the mucous mem¬ 
branes, forming the muscularis mucosae; in the 
skin, forming the arrectores pilorum, and also in 
the sweat-glands; in the arteries, veins, and 
lymphatics ; in the iris and the ciliary muscle. 

Plain or unstriped muscle is made up of spindle- 
shaped cells, callra contractile Jihre-cdls, collccted“ 
into bundles and held together by a cement sub¬ 
stance (fig. 60). These bundles are further aggre¬ 
gated into larger fasciculi, or flattened bands, 
and bound together by ordinary connective 
tissue. 

The contractile fibre-cells are elongated, spindle- , 
shaped, nucleated cells of various sizes, averaging 
from to of an inch in length, and 4 ,,',mi 
to of an inch in breadth. On transverse 
section they are more or less polyhedral in shape, 
from mutual pressure. Each presents a faint 
longitudina] striation and consists of an elastic 
cell-wall containing a central bundle of fibrillas, 
representing the contractile substance, and an 
oval or rod-like nucleus, which includes, within a 
membrane, a fine network commimicating at the 
poles of tlie nucleus with the contractile fibres 
(Klein). The adhesive interstitial cement substance, which connects the fibre- 
cells together, represents the endomysium of striped muscular tissue, while the 

tissue connecting the individua] bundles 
together represents the perimysium. Un¬ 
striped muscle, except the ciliary muscle, 
is not midei the control of the will, 
neither is the contraction rapid nor does 
it, as a rule, involve the whole muscle, 
as is the case with the voluntary muscles. 
The membranes which are composed 61 
unstriped muscle slowly contract in a 
part of their extent, generally under the 
influence of a mechanical stimulus, as 
that of distension or of cold; and then 
the contracted part slowly relaxes while 
another portion of the membrane takes 
up the contraction. This peculiarity of 
action is most strongly marked in the 
intestines, constituting their vermicular 
motion. 

Cardiac muscular tissue.— The fibres 
of the heart differ very remarkably 
from those of other striped muscles. 
They are smaller by one-third, and 
their transverse striae arc by no means 
so well marked. The fibres are made 
up of distinct quadrangular %ells joined 
end to end* (fig. 61). Each coll con¬ 
tains a clear oval nucleus, situated near 
the centre of the cell. The extre- 
, ^ mities of the cells have a tendency 

to branch or divide, the subdivisions uniting with offsets from other colls, and 
thus producing an anastomosis of the fibres. The connective tissue between 

* riie junctions between the cells are only occasionally seen, and some histologists 
mauitain that they are only artefacts. 


Fig. 52.—^I’urkinje fibres from the 
sheep’s heart. 
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Hie biuuV^ is ]nuo|^^ to. ordinary striped musok, and no 

sareolemma ]iaslB|||||i prored 

Farjdxijfe flbimn^g. 62) .-^Between the endocardium and the otdinary cardiac 
muscle alb found, embedded in a smali amount of connective tissue, peculiar fibres 
known as Purkinje j^res. They are found in certain mammals and in birds, 
and can be best seen in the sheep’s heart, where they form a considerable portion 
of the moderator band and also appear as gelatinous-looking strands on the inner 
walls of the auricles wid ventrides. Eecently it has been shown that they 
also occur in the human heait (bundle of His). The fibres are very much larger 
in size than the cardiac cells and differ from them in several ways. In longitudinal 
* section they are quadrilateral in shape, being about twice as long as they are 
broad. The central portion of each fibie contains one or more nuclei and is made 
up ol granular protoplasm, with no indication of striations, while the peripheral 
portion is clear and has distinct transverse striations. The fibres are intimately 
connected with each other, possess no definite sarcolemiua, and do not branch.* 

Development of muscle fibres.—Yoluntai y muscular fibres are developed from 
the mesoderm, the embryonic ceils of which elongate, show luultiplicatiou of 
nuclei, and (‘ventiially become stiiated ; the striation is first obvious at the side 
of the fibres, spieads around the ciicumfeieuce, and ultimately extends to the 
ceiitie. The nuclei, at iir'-l situated centrally, gradually pass out to assume their 
final position immediately beneath the sai colemma. In the ease of involuntary 
muscle the mesodeimal cell asrumes a pointeil shupe at the extremities and 
bwomes flatteiK'd, the nucleus also lengthening out to its permanent rod like 
form. 


NERVOUS TISSUE 

The nervous tissues of the body compiise the brain (including the medulla 
oblongata), the spinal eoid, thi' eianial, spinal, and sympathetic nerves, and the 
ganglia connected with them. 


Fia. 63.—Neuroglia cells ot biain shown liy Golgi’s method. (After Andriezen.) 
(Copied horn Schafer’s ‘ Essentials of Histology,’) 



A rdl-nitli liriitulied protessos li spiilu cell with uiibunilKil iirooiws 


The neivoiis tissues me found microscopically to be composed of nerve-cells 
and then amtious proeesscs, together with a supporting tissue called neurogha, 
which, however, is iound only in the brain and spinal cord. Certain long pro¬ 
cesses ol the nerve-cells aie of special importance, and it is convenient to consider 
them apart from the cells ; they are known as nerve-fibres. 

* In the human hcait the pimiitive iiiusclo tissue is composed ol many typos ot hbies 
(tiibson . JiritisJi Medical Journal, Jannaiy 1909) 


To tha naked eye a difeienofi is certain 

uud spinal cord, vu. the grey nuitter and uie -KwiPe nnOter. 

Fto. 64.—^Vanouaformsof nerve-oalls. 
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foiiner that nervous impressions and 
impulses ongiuate, and by fhe latfei 
that thej are conducted Hence the 
giey mattei foims the essential con 
stitueut of dll the ganglionic centres, 
both those in the isolated ganglia and 
those aggregated m the hi am and spinal 
coid , while the white matter is found 
in the commibsural poitious of the 
neive-centrcb and in the peiipheial 
nci ves 

Neuroglia, the petnliai giound 
substance m which aic embedded the 
tiue neivous constituents of the hi am 

Fio .50—Motoi neivc-cell from vcntial 
hoin of spinal ooid of labbit (AKer 
Nissl) The angulai and spindle shaped 
Nissl boches ore well shown 



4 If u 


Nudeolm 


and spinal cord, consists of fibres and cells Some of the cells arc* stellate in shape, 
and their fine processes become neuiogha-fibres, which extend radially and 
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Fig. 57. —Pyramidal cell from Ihe cere¬ 
bral cortex of a mouse. (After Hamun 
y Cajal.) 


unbranclied (fig. 53, b) among the nerve cells and fibres which they aid in supporting. 
Other cells ^ve off fibres which branch repeatedly (fig. 63, a). Some of the fibres 
start from the epithelial cells lining the ventricles of the brain and central canal 
of the spinal cord, and pi&B through the nervous tissue, branching repeatedly to 
terminate in slight enlargements on the pia mater. Thus, neuroglia is evidently 
a connective tissue in function but is not so in development; it is ectodermal 
in origin, whereas all connective tissues are mesodermal. 

Nerve-cells are largdy aggregated in the grey substance of the brain and 
spinal cord, but smaller collections of these cells also form the swellings, called 

ganglia, seen on many nerves. These 
latter are found chiefly upon the spinal 
and cranial nerve-roots and in con¬ 
nection with the sympathetic nerves. 

The nerve-cells vary in shape and 
size, and have one or more processes. 
They may be divided for purposes of 
description into three groups, accord¬ 
ing to the number of processes which 
they possess: (1) Unipolar cells, 

which arc found in the spinal ganglia; 
the single process, after a short course, 
divides in a T-shaped manner, (2) Bi¬ 
polar cells, also found in the spinal 
ganglia (fig. 55), when the cells arc in 

Fki. 58.—Cel] of I’uikinjo from the eero- 
lielliim of a cut. (After Ramon y 
Cajal.) 




an embryonic condition. They arc best demonstrated in the sympathetic ganglion- 
cells of a frog. Sometimes the processes come off from opposite poles of the 
cell, and the coll then assumes a spindle shape; in other cells they both emerge 
at the same point. In some cases where two fibres are apparently connected 
with a cell, one of the fibres is really derived from an adjoining norve-coll and is 
passing to end in a ramification around the ganglion-cell, or, again, it may be coiled 
spirally round the nerve process which is issuing from the cell. (3) Multipolar 
cells, which are caudate or stellate in shape, and characterised by their large size 
and by the tail-Uke processes which issue from them. The processes po of two 
kinds : one of them is termed the axis-cylinder process or axon because it becomes 
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tUo axis-cylinder of a nerve-fibre (figs. 66, 67, 68). The othere are termed the 
jttotoflasmic processes or deni/rom ; they begin to divide and subdivide as soon 
as they emerge from the cell, and finally end in minute twigs and become lost 
among the other elements of the nervous tissue. • 

Each nerve-cell consists of a finely fibrillated protoplasmic material, of a 
reddish or yellowish-brown colour, which occ^asionally presents patches of a deeper 
tint, caused by the aggregation of pigment-granules at one side of the nucleus, 
as iu the substantia nigra and locus ctn-uleus of the brain. The protoplasm also 
contains peculiar angular granules, which stain deeply with basic dyes, such as 
methylene bbie; these are known as NissFs granules (fig. 56). They extend into^ 
the dendritic processes but not into the axis cylinder; the small clear area at the 
})oint of exit of the axon is termed the cone of origin. These granules disappear 
{chrotnatolysis) during fatigue or after prolonged stimulation of the nerve-fibres 
connected with the colls. They are supposed to represent a store of nervous 
energy, and in various mental diseases are deficient or absent. The nucleus is, as 
a rule, a large, well-defined, round, vesicular body, often presenting an intra¬ 
nuclear network, and cojitaining a nucleolus which is peculiarly clear and brilliant. 

Nerve-fibres are found universally in the peripheral nerves, and in the white 
suhbt.ince of the brain and spinal cord. Thev are of two kinds—viz meduUateJ 
or white fibres, and no»-nieihdlaJted or grey fibres. 


59.—Mcdullatcd nerve-fibres stained with silver nitrate. 
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'P'le mediillated Jibres form the white pait of the brain and 8pin.il coid, and 
also the greator part of every cerebro-spinal nerve, and give to these structures 
their opaque, white aspect. When perfectly fresh thev appear to be homogeneous ; 
but soon after removal from the body each fibre presents, when examined by trans¬ 
mitted light, a double outline or contour, as if consisting of two parts (fig. 59). 
The central portion is named the axis eyhndcr of PurUnje ; around this is a 
sheath of fatty material, staining black with osmic acid, named the white sub¬ 
stance of Schwann or meilullary sheath, which gives to the fibre its double contour, 
and the whole is enclosed iu a delicate membrane, the neunlnntna, primitive 
sheath, or nucleated sheath of Schwann (fig. 5^. 

The axis cylinder is the essential part of the nerve-fibre, and is alw^^s present; 
the medullary sheath and the neurilemma are occasionally absent, especially at 
the origin and tennination of the nerve-fibre. It undergoes no interruption from 
its origin in the nerve-centre to its peripheral termination, and must be regarded 
as a direct prolongation of a nerve-cell. It constitutes about one-half or one- 
third of the nerve-fibre, being greater in proportion in the fibres of the central 
organs than in those of the nerves. It is quite transparent, and is therefore 
indistinguishable in a perfectly fresh and natural state of the nerve. It is made up 
6 t exceedingly fine fibrils, which stain darkly with gold chloride (fig. (JO), and at 
its termination may be seen to break up into these fibrilho. The fibrilla? have 
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*Fio. 60.—Longitudinal section through 
a nerve-fibre from the sciatic nerve 
of a frog. X 830. 
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been termed the primitiw fhriUa of Schultze. The axis cylinder is said by some 
to bo enveloped in a special, reticular sheath, which separates it from the 
medullary sheath, and is composed of a substance called neurohtraiin. The 
more common opinion is that this network or reticulum is contained in the white 
matter of Schwann, and by some it is believed to be produced by the action of 
the reagents employed to show it. 

The medullary sheath or white matter of Schwann (fig. 60) is regarded as being a 
fatty matter in a fluid sCate, which insulates and protects the essential part of the 
nerve—the axis cylinder. It varies in thickness, in some forming a layer of extreme 

thinness, so as to be scarcely distinguish¬ 
able, in others forming about one-half the 
nerve-fibre. The variation in diameter 
of the nerve-fibres (from to of 
an inch) depends mainly upon the 
amount of the white substance, though 
the axis cylinder also varies within 
certain limits. The medullary sheath 
docs not always form a continuous 
sheath to the axis cylinder, but under¬ 
goes interruptions in its continuity at 
regular intervals, giving to the fibre the 
appearance of constriction at these 

I liVIlfWl points. These were fimt described by 

li|l|l8( Ranvier, and are known as the nodes of 

IlliliWlV - _ 0 / yjfflawv (fig. 61). The portion of norve- 

j Lantermann fibre between two nodes is called an 

internodal segment. The neurilemma or 
primitive sheath is not interrupted at 
the nodes, but passes over them as a 
continuous membrane. In addition to 
these interruptions oblique clefts may 
be seen in the medullary sheatli, sub¬ 
dividing it into irregulai' portions, which are termed medullary segments, or segmetUs 
of Lantermnnu (fig. 60). There is reason to believe that these clefts are artificially 
produced in the preparation of the specimens. Medullatcd luirvc-fibres, when 
examined, frequently present a beaded or varicose appearance : this is din: to 
manipulation and pressure causing the oily matter to colli*.ct into dto[)s, and in 
consequence of the extreme dehcacy of the piainitive sheath, (iven slight pressure 
will cause the transudation of the fatty matter, which collects as drops of oil outside 
the membrane. This is also promoted by the action of certain reag(!nts. 

The neuriUmma or primi- , 

Fia. 61.—A node of Raiivner of.a modullaied nerve- 
fibre, viewed from above, magnified about 750 dia¬ 
meters. The medullary sheath is discontinuous ai 
the node, whereas the axis cylinder passes from 
one segment into the other. At the node the 
neurilemma apjmars thickened. (Klein and Noble 
Smith.) 
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presents the 
appearance of a delicate, 
structureless membrane. 

Here and there beneath it, 
and situated in depressions 
in the white matter of 
Hcdiwaim, are nuclei sur¬ 
rounded by ii small amount 
of protoplasm. The nuclei 
are oval and somewhat 
flattened, and bear a definite relation to the nodes of Ranvier; one nucleus 
generally lying in the centre of each internode. The primitive sheath is not 
present in all medullated nerve-fibres, being absent in those fibres which are found 
in the brain and spinal cord. 



WttUerian Degeneration .—^When nerve-fibres are cut across, the central ends of the 
fibres degenerate as far as the first node of Ranvier; but the peripheral ends degenerate 
simultaneously throughout their whole lengths. The axons break up into fragments and 
become suri-ounded by drops of myelin which are formed from the breakihg down of the 
medullary sheath. Tlie nuclei of the primitive sheath proliferate, and finally absorption 
of the axons and myelin takes place. If the cut ends of the nerve be sutured together 
regeneration of the nerve-fibres takes place by the downgrowths of axons from the central 
end of the nerve. At one time it was believed that the regeneration was peripheral in 
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'^origm, but this had faeen'feitpBrimentaHy prored by Halliburton and Mott not to be the case, 
the^Uferated nuolei in t^e peripheral portions taking part merely in the formation of the 
BO-oaUed scaffolding along which the new axons pass. 


Non-medulUUed fibres .—Most of the fibres of the sympathetic system, and 
some of the cerebro^spinal, consist of the grey or gehtinms nerve-fibres —of 
Remak (fig. 62). Each of these consists of a central core or axis cylinder enclosed 
in a nucleated sheath which tends to split into fibrillte, «nd is probably of the 
'nataro of neurokeratin. In external appearance the non-medullated nerve-fibres 
are semi-transparent and grey or yellowish-grey. The individual fibres vary in 
size, generally averaging about half the size of the medullated fibres. 

Development of nerve cells and fibres. —The nerve-cells are developed from 
certain of the cells which line the neural canal or form the neural crest of the 


embryo (see section on Embryology). Some of these cells assume a rounded form 
and are termed neuroblasts, and from each neuroblast there grows out a process, 
the axis-cylinder process or axon, and subsequently the branching processes or 
dendrons! The axis cylinders, at first naked, acquire their medullary sheaths, 
possibly by some metamorphosis of their outer layers. The neurilemma is thought 
to be derived from mesodermal cells which become flattened and wrapped round 


the fibre, the cement substance at their apposed ends 
forming the material w’hich stains with silver nitrate at 
the nodes of Ranvier. Nerve-cells in the sympathetic 
and peripheral ganglia take their origin from small 
collections of neuroblasts, which are split off from the 
rudimentary spinal ganglia. Cells which are, originally, 
similar to neuroblasts seem to give rise to neuroglia 
cells, numerous processes sprouting from the coll to 
form the neuroglial fibres. 

The nervous structures are divided into two great 
systems — viz. the central, comprising the brain and 
spinal cord ; and i ho peripheral, consisting of the nerves 
connected with them. All these structures require 
separate consideration; they are composed of the two 
kinds of nervous tissue above described, int(;riningled 
in various j)roportions, and having, in some parts, a very 
intricate arrangement. 

The brain and spinal cord form the central system. 
In the brain the grey nervous matter is found on the 
surface, forming the convolutions of the cerebnim, and 
the. laminm of the cerebellum; in the interior it is 


Fro. 62.—A small ner¬ 
vous branch from the 
sympathetic of a mam¬ 
mal. 



collected into large and distinct masses or gungli- Two nip<iuiiiitc<i norvo-(ii>n'« 
onic bodies, such as the corpus striatum, thalamus, numberof sroy uervo- 

ajid corpora quadrigemina; or is intermingled inti¬ 
mately with the wmte as in the pons Varolii and the floor of the fourth 
ventricle. 


Iji the spinal cord the grey matter is accumulated in th(! centre ajid the white 
matter on the periphery. The special arrangement and distribution of the grey 
ajid white matter in the central nervous system are described with the anatomy 
of the nervous system. 

The nerves are round or flattened coids, formed of the nerve-fibres already 
described. They are connected at one end with the cetitral nervous system or with 
the ganglia, and are distributed at the other cud to the various textures of the 
body; they are subdivided into two great classes—the cerebrospinal nerves, 
which proceed directly from the brain and spinal cord, and the ^mpathetic 
nerves, which proceed from the ganglia of the sympathetic. 

The cerebrospinal nerves consist of numerous nerve-fibres collected together 
and enclosed in membranous sheaths (fig. 63). A small bundle of fibres, 
enclosed in a tubular sheath, is called a funiculus ; if the nerve is of small size, 
it may consisl, only of a single funiculus; but if large, the funicirii are collected 
together into larger bundles or fasciculi, which are bound together in a common 
membranous investment. 

In structure, the common membranous investment, or sheath of tbe whole 
nerve {epineurium), as weU as the septa given off from it, to separate the fasciculi. 
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consist of ooiDiect'ivo tissue, composed of white and yellow elastic fibres, the latter 
existing in great abundance. The tubular sheath of the funiculi (perineurium) 
is a fine, smooth, transparent membrane, which may be easily separated, in the 
form of a tube, from thb fibres it encloses; in structure it is made up of con¬ 
nective tissue, which has a distinctly lamellar arrangement. The nerve-fibres arc 
held together and supported within the funiculus by delicate connective tissue, 
called the eadoneurium. It is continuous with septa which pass inwards from 
the innermost layer of the perineurium, and shows a ground substance*in which 
are imbedded fine bundles of fibrous connective tissue which run for the most part* 
longitudinally. It servos to support capillary vessels, which are arranged so as to 
form a network with elongated meshes. The cerebro-apinal nerves consist almost 
exclusively of the medullatod nerve-fibres, only a very small proportion of the 
non-medull.ited being present. 

The blood-vessels supplying a nerve terminate in a minute capillary plexus, 
the vessels composing which pierce the perineurium, and run, for the most part, 

, parallel with the fibres; they are 

Fro. 63.— ^Triinavorse section through a micro- 
bcoinc nerve, representing a compound nerve- 
tiundle, snn’ounded by perineurium. Magni¬ 
fied 120 diameters. 


The medullatod fibres are seen as circles with a 

J._I _J.-11_— 

cylinder, in transverse section. They are im¬ 
bedded in endoneuriiim, containing numerous 
nuclei, which belong to the connective-tissue 
cells of the latter. (Klein and Noble Smith.) 


connected together by short, trans¬ 
verse vessels, forming narrow, 
oblong meshes, similar to the capil¬ 
lary system of muscle. Fine non- 
uiMulialgd.netYe-fibrcj, 
jihres, Company these oa'pifbiry 
vessels, and break up into ele¬ 
mentary fibrils, which form a net¬ 
work around the vessels. Horsley 
has demonstrated certain medullated 
fibres running in the epineurium 
and terminating in small sphoroidtil 
tactile corpuscleb or end-bulbs of 
Krause, These nerve-fibies, which 
Marshall believes to be sensory, and 
which he has termed nervi Hcnwum, 
aie consideied by liini to have an 
impoitant bc.iring upon certain 
neuralgic pains. 

The nerve-fibres, as far as is at 
present known, do not coalesce, 
but pumue an uninterrupted course 
from the centre to the'Tperiphery. 
In separating a nerve, however, 
into its component funiculi, ij; may 
be seen that these do not purs||: 
a perfectly insulated course, but 
occasioually join at a very acute 
angle with other funiculi proceeding 
in the s<ime direction; from this, 
branches are given off, to join 
again in like manner with other 
funieuli. It must be distinctly 
understood, however, that in these communications the individual nerve-fibres do 
not coalesce, but meiely pass into the sheath oi the adjacent nerve, begpme inter¬ 
mixed with its nerve-fi})res, and again pass on, to intermingle with the nerve- 
fibres in some adjoining funiculus. ; 

Nervefc, in their course, subdivide into branches, and those fre qupaf ily com- 
mumcdte with branches of a neighbouring nerve. The communjM|mB which 
thus take ])1aee form what is called a ph'xus. Sometimes ^ ploxu^MBnncd by 
the primary branches of the trunks of the nerves—as the cervical, brachiS, lumbar, 
and sacral plexuses—and occasionally by the terminal funiculi, as in the plexuses 
formed at the periphery of the body. In the formation of a plexus, the component 
nerves divide, then join, and again subdivide in such a complex manner that the 
individual fanicuU become interlaced most intricately ; so that each branch leaving 
a plexus may contain filaments from all the primary r''rvou8 ix’unks which form 
the plexus. In the formation also of smaller plexuses at the periphery of the 



p. Ptrm*ninum, lonMBtiiw ol l.>imin of tbroii-. tonmcSne 
tisriiK, iltiPluatiiu nitli llattciKiJ uwipalod (.oiinootivc* tibMii' 
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iiirvi* buiitlli 
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bod7 there is a free interchange of the funiculi and pfiioitive fibres. In each case, 
however, the individual fibres remain separate and distinct. 

It is probable that through this interchange of fibres, every branch passing ofi 
from a ^exus has a more extensive connection with the Spinal cord than if it had 
proceeded to its distribution without forming connections with other nerves. Con¬ 
sequently the parts supplied by those nerves nave more extended relations with the 
nervous centres; by tms means, also, groups of muscles may be associated for 
oombined%ction. • 

' The sympathetio nerves ace constructed in the same manner as the cerebro¬ 
spinal nerves, but consist mainly of non-medullated fibres, collected in funiculi 
and enclosed in sheaths of connective tissue. There is, however, in these nerves 
a certain admixture of medullated fibres, and the amount varies in different nerves, 
and may be known by their colour. Those branches of the sympathetic which 
present a well-marked grey colour are composed chiefl 3 j’ of non-medullatod ner\'^e- 
fibres, intermixed with a few medullated fibres; while those of a white colour 
contain many of the latter fibres, and few of the forpier. 

The cerobro-spinal and sympathetic nerve-fibres convoy various impressions. 
The sensory nerves, called also centripetal or afferent nerves, transmit to the nervous 
centres impressions made u]»on the peripheral extremities of the ncr\'ea, and in 
this way the mind, through the medium oi the brain, becomes conscious ot external 
objects. The centrijuqal or efferent nerves transmit impressions from the nervous 
centres to the parts to which the nerves are distributed, these impressions either 
exciting muscular contraction, or influencing the processes of nutrition, growth, 
and secretion. 

Origins and terminations of nerves. —By the expression ‘ the terminations of 
nerve-fibres ’ is signified their connections with the nerve-centres, and with 
the parts they supply. The former are sometimes called their origins, or central 
terminations ; the latter their peripheral terminations. 

Origins of nerves. —The origin in some cases is single—that is to say, the 
whole nerve emerges from the nervous centre by a single root; in other instances 
the nerve arises by two or more roots which come off from different parts of the 
nerve-centre, sometimes widely apart from each other, and it often happens, when 
a nerve arises in tliis way by two roots, that the functions of these two roots 
are different: as, for example, in the spinal nerves, each ot which arises by two 
roots, the anterior of which is motor, and the posterior sensory. The point wheie 
the nerve root or roots emerge from the surface of the nervous centre is iianied 
the super/icml or apparent origin, but the fibres of the nerve can be traced lor a 
certain distance into the substance of the nervous i-entre to some portion of the 
grey matter, which constitutes the deep or real origin of the nerve. Thecentiilugal 
or efferent nerve-fibres originate in the nerve-cells of the grey substance*, the 
axis cylinder processes of these cells being prolonged to iorra the fibn*s. In the 
mse ot the centripetal or afferent noives the fibres grow inwards either from 
nerve-cells in the organs, ot special 8«*nse (e.g. the retina) oi from nerve-cells 
in the ganglia. Having entered the nerve-centre they br.anch and send then 
ultimate twigs among the cells, without, however, muting with them 

Peripher^ terminations of nerves. —Nerve-fibres terminate peripherally in 
various ways, and these may be conveniently studied in the sensory and motor 
nerves respectively. 

Sensory nerves would appear to terminate, either in minute primitive JihriUa> 
or networks of these ; or else in special terminal organs, which have been named 
peripheraljtmd-orgam, and of which there aio scveial principal varieties, viz. the 
end-bulj?8 of Krause, the tactile corpuscles of Wagner, the Pacinian corpuscles, and 
the ijcuro-tendinous and neuro-muscular spindles. 

Tern^^^ion |n fbriUce. — When a medullated nervo-fibu* approaches its 
terminisra|||||||iho white matter of Schwann suddenly disappears, leavuig only the 
axis oy]|H|fe surrounded by the neurilemma. After a time the fibre loses its 
neurilem]am,-%nd consists only of an axis cylindpr, which can be seen, in prepara¬ 
tions stained with chloride of gold, to be made up of fine varicose fibrils. Fmally, 
the axis cylinder breaks up into its uonstituont primitive iiorve-fibrillue, which often 
present regular varicosities .lud anastomose with one another, thus forming a 
netwo^. This network is always distributeil to epithelial tissue, the nerve-fibrils 
lying in the inturstitial substance between the epithelial cells, and there ter¬ 
minating, though some observers maintain that the actual terminations arc 



60 




Fig. 64. —^End-bulb of Krause. 



cocpiisulu. (from Klein’s 
llistolouy.’) 
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within the colls. In this way nerve-fibres have been found to terminate in the 
epithelium of the skin and mucous membranes, and in the anterior epithelium of 
the cornea. 

Tho. end-bulbs of Krause (fig. 64) are minute cylindrical or nval bodies, con¬ 
sisting of a capsule formed by the expansion of the connective tissue slieath of a 
luodullated fibre, and containing a soft semi-fluid core in which the axis cylinder 
terminates either fis a bulbous extremity, or in a coiled-up plexiforin mass. End- 

bulbs are found in the conjunctiva of the eye,, 
where they are spheroidal in shape in man, 
but cylindrical in most other animals, in the 
mucous membrane nf the lips and tongue, and 
in the epineurium of Tierve-trunks. They are 
also found in the genital organs of both sexes, 
the penis in the male and the clitoris in the 
female ; in these situations they have a mul¬ 
berry-like appearance, from being constricted 
by connective tissue septa into from two to 
six knob-like masses, and have received the 
name of genital corpuscles. Very similar cor¬ 
puscles are found in the epineurium of nerve- 
trunks. In the synovial membranes of certain 
joints (e.g. those, of tlui fingers), rounded or 
oval end-bulbs have be(m found; these are 
designated articular ctul-bulhs. 

Tactile ccrrpuscles have been described by 
Grandry as occurring in the papillae of the 
beak and tongue of birds, and by Merkel as 
occurring in the papilla) and epithelium of tlie skin of man and animals, especially 
in those parts of the skin devoid of hair. Each consists of a capsule composed 
of a vecy delicate, nucleated menibrane, and contains tw’o or more granular, some¬ 
what flattened cells ; between these cells the medullatcd nerve-fibre, which enters 
the capsule by piercing its investing membrane, is supposed to end. 

The tactile corpuscles (fig. 65), described by Wagner and Meissner, are oval¬ 
shaped bodies, made up of connective 
tissue. Each is enveloped by a capsule, 
and imperfect membranous septa (hnived 
from this penetrate the interior. Thc 
axis cylinder of the medullatcd fibre 
])asses through the capsule, and having 
entered the corpuscle terminates in a 
small globular or pyriform enlargement, 
near the inner surface of the capsule. 

These tactile corpuscles have been de¬ 
scribed as occurring in the papilla) of the 
corium of the hand and foot, the front of 
the forearm, the skin of the lips, the 
raucous membrane of the tip of the 
tongue, the palpebral conjunctiva, and 
the skin of the nipple. They arc mit found 
in all the papilla); but from their exist- a. sMcviowuiiiiHipniuoft 
cnee in tliose parts in which the skin is 
highly sensitive, it is probable that they 
are specially concerned in the sense of 
touch, th&sgh their absence from the 
papillio of other tactile parts shows that 
th(‘v are not essential to this sense. 

Uuflini has described a special variety of nerve-ending in the sub¬ 
cutaneous tissue of the human finger (fig. 66). These are usually known as 
Ru/fni^s endings. They arc principally situated at the junction of the corium 
with the subcutaneous tissue; they are oval in shape, and consist of strong 
connective tissue sheaths, inside which the nerve-fibres divide into numerous 
branches, which show varicA)sitie3 and end in small free knobs. They resemble the 
organs of Golgi. 


Fig. 6.^. —I'apUIa of the hand, treated 
with acetic acid. Magnified 8^ times. 



tlio haiiil, a. CortU-ivl layor. 
tnumvciw midri. c. Small 
iiorvc oS Mie ;>u|>illa, with ncurilmnia. </. Its two 
iiprvous fllin'H niiiiiliiK with Hjiirul cuila rouud the 
tad lie (lon'iiHcU’. f. Apparent terminutlou oC one ol 
tlioao lilm-s. B. A tactile papilla .seen from atiovo ho 
as to show its trausversc section, a. (Jortical iaycr. 
h. Ncrcc-flbrc. e. Outer layer of the tuctilo body, 
with nuclei, d. Clear interior Hubstunuo. 
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The Pacinian corpuscles * (fig. 67) are found in the human subject lying 
chiefly in the subcutaneous tissue on the nerves of the palm of the hand ahd 


Fio. 66.—^Nerve-ending of Kuffini. 

(After A. KulKni, ‘ Ai'ch. ital. de Biol..’ Turin, t. xxi. 1804.) 


Ncree-filiren 


Ooiinrrtivn fisisite »hi‘<ilh 


Tr.nninal rainijiraiitms 
of (ijrin rijlhulfru 





sole of t.lio foot and in the genital organs of both sexes; but the}' have also been 
described as connected with t.he nerves of the joints, and in some other situations, as 
in the mesentery of the eat and along the 

tibia of the rabbit. EacJi of these corpuscles Eio. 07.—^J’aeinian corpuscle, with 
is attached to and enclosi's the termination system of capsule® and central 

of a single ricrve-libre. The corpuscle, which cavily. _ 

is ])erf(ietly visible to the naked eye (and ^ 

which can be most easily demonstrated in 

the nu'sentery of Ji cat), consists of a number 

of himellie or capsules arranged more or less 

concentrically around a central cleax space, 

in which the nerve-fibre is contained. Each /////////lim 

lamella is composed of bundles of fine eon- 

ncctive tissue fibres, and is lined on its inner f j j j Lj ;|j|| '|| UUuUM 

surface by a single layer of flattened epi- j j | i j|||| ||| | ij 1 \\n 

thelioid cells. The central clear space, w'liich i j '* [|j|i| || I 1 

is elongated or cylindrical in shape, is'tilled I t 1' | 11'| j|;|l| | lij 

w'itli a transparent material, in the middle 1 hUWn'li||)y^^^ / J I 

of which is Iho single medullatod fibre, which ml u jf j 

traverses the space to near its distal ex- WJIIjj 11 jjfjn 

tremity. Ifore it terminates in a rounded 

knob or end, sometimes bifurcating pi’c- 

viously, in wliich case each branch has a 

similar arrangement. H’odd and Bowman 

have described minute arteiics as entering ill 

by the sides of the nerves and forming 

ca[)illary loops in the intercapsular spaces, pJmijM 

and even penetrating into the central sjiace. 

Other authors describe tint arfury as enter- 
ing the corpuscle at the pole opposite to the 
norvo-tibro. 

Horbst lias described a nerve-ending aWr^fffl 'y 

somewhat similar to the Pacinian corpuscle, a. Ar((ri.ii twiK, cminiK in c,i|.iiur»is, winrii tortn 
as being found in the inui-ous membrane of ""i* 

the toiif^iie of the duck, and iu some other iUhouh iiNsup of tin* hUtix irom iih^ 

situations. It diflcrs, however, from the 

Pacinian corpuscle, in being smaller, its nions tiio hms u. uw oiinosiu 

__lii- 1 II • dill, wlicri'it is IKcd Ij.v a UibcrciiliiU'U oiilurKC- 

capsule tlunner and more closely apjiroxi- meili. 
mated, and especially in the fact that the 

axis cylinder in the central clear space is coated with a continuous row of nuclei. 
These bodies are known, as the corpuscles of Ilerhst. 


AriiTul t^v4^ in which form 

loops ill somo of tlio iiii'crt tpSiiiur spuiTS, anti 
one pciicCr.ilcg to tlw* c<*nj.icil ciipsulc. h. Tlu* 
ilhrouH tissue of tlic hhtlk pro!oML*ciI Irom (iio 
in'iirilcminn. //. Ncrve-Uibp .KlvarH'm?; to Ihc 
ctmlr.il c.ipsiiU', (litTC U^iiir wliitc. hiaCUT, 
ami Ktrolchiiic; ttloii;; tlio tiMg to llic o))pogit<' 
piu), vvJivro it is ii\od hy u tubercuisiU'U eiiIurK0> 
ineiil. 


♦ Often called iu (fcriuaji auatumical win-ks ‘corpuscles of Vatcr.’ 
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Neuro-tendinous apindles. —Tho nerves suppljing tendons have special modifi¬ 
cations of the terminal fibres, especially numerous at the point where the 
tendon is becoming muscular. The tendon bundles become enlarged, and the 
nerve-fibres—one, two, or more in number—penetrate between the fasciculi of 
the tendon and spread out betinreen the fibres to end in irregular discs or 
varicosities. A spindle-shaped body is thus formed, composed of tendon 
bundles and nerve-fibres; it is known as the organ of Golgi (fig. 68). 

Neuro-muscular spindles. —In the majority of voluntary muscles there have 
been found special end-organs consisting of small bundles of peculiar muscular 

Fio. 68.—Organ of Golgi (neuro-tendinous spindle) from the human tendo Achillis. 

(After Ciaccio.) 



fibres (intrafusal fibres), embryonic in type, invested by capsules, within which 
nerve-fibres, experimentally shown to bo sensory in origin, terminate. These 
neuro-muscular spindles vary in length from to I, of an inch and have a distinctly 
fusiform*appearance. Tho large medullated nerve-fibres passing to the end-organ 
are from one to three or four in number ; entering the fibrous capsule, thc^y divide 
several times, and, losing their medullary sheaths, ultimately end in naked axis 
cylinders encircling the intrafusal fibres by flattened expansions, or irregular ovoid or 
rounded discs (fig. 69). Neuro-muscular spindles have not yet been demonstrated 
in the tongue or eye muscles. 


Fig. 69.—^Middle third of a terminal plaque in the musolo spindle of an 
adult cat. (After RuflBni.) 



In the organs of special sense the nerves appear to terminate in cells which 
belong to the epithelial class, and have received the name of sensory or nerve- 
epithelium cells. This is not, however, the real state of the case ; the nerve- 
fibre is in reality a process from the epithelial coll, and terminates by branch¬ 
ing around a ganglion-cell. The stimulus carried by it is continued onwards by 
an axis cylinder, derived from the ganglion, to the brain. These nerve-epithelium 
cells must therefore bo regarded as modified forms of nerve-cells. They will be 
more’particularly described in the chapter on the organs of special sense. 
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Kotor nerooB can be traced into either unstiiped or striped muscular fibres. 
In the unttriped or invplutaary muscles the nerves are derived from the sym- 
pathetic, and are commsed mainly of the non-medullated fibres. Near their 
terminations they divide into numerous branches, whioh communicate and form 
intimate plexuses. At the junctions of the branches small triangular nuclear bodies 
(ganglion-cells) are situated. From these plexuses minute branches are given 
ofi, which divide and break up into the ultimate fibriUae of which the nerves 
are composed. These fibrilho course between the involuntary muscle-cells, and, 
according to Elischer, terminate on the surfaces of the cells, opposite the nuclei, in 
minute swellings. Arnold and Frankenhauser beUeved that these ultimate fibrill® 
penetrated the muscular cells, and ended in the nuclei. More recent observation • 
has, however, tended to disprove this. 

In the striped or voluntary muscle, the nerves supplying the muscular fibres 
are derived from the corebro-spinal nerves, and are composed mainly of medullatod 
fibres. The nerve, after entering the sheath of the muscle, breaks up into fibres, 
or bundles ol fibres, which form plexuses, and gradually divide until, as a rule, 
a single nerve-fibre enters a single muscular fibred Sometimes, however, if the 
muscular fibre be long, more than one nervo-fibio enters it. Within the muscular 
fibre the nerve terminates in a special expansion, called by Kiihne, who first 
accurately described it, a motor end-phi (fig. TO).* The nervo-fibie, on approaching 


Fxa. 70.—^Muscular fibres of Lacerta 'trulis with the terminations of neivos. 



a Sn Ji in prolilo r r. nerve onil-jilakii s n The base ol tlie plate, conHHlm,; of a irratiular miaj with nuclei. 
b 1 lie H lino 114 been In louklns at u peril i tl v fnah fibre, the ncr vnus cn k In m; proti ibl v shll c\ut iblr. (1 he forms 
of till vanooslv diviiled iilute cun hardly In iLpresonted in a aoodciil bv sulbciintlv ilLlicatL and pale contours to 
rqiroducc correctly what a soon iii nature.) r The rime ,is sreii livo hours after death from poisoniiiK by curare. 


the muscular fibre, suddenly loses its medullary sheath, the neurilemma becomes 
continuous with the sarcolomma of the muscle, and only the axis cylinder enters 
the muscular fibre. There it at once sjireads tmt. ramifying like the roots of 
a tree, immediately beneath the sarcolomma, and becomes imbedded in a layer 
of granular matter, containing a number of clear, oblong nuclei, the whole 
constituting an end-plate from which the contractile wave ol the muscular fibre is 
said to start. 

Oanglia are small aggregations of nervc-cclls. They are found on the posterior 
roots of the spinal nerves; on the postenor or sensory root of the fifth cranial 
nerve; on the facial and auditory nerves ; on the glosso-pharyngeal and pneumo- 
gastric nerves. They are also found in a connected series along cither side of the 
vertebral column, forming the trunk ol the sympathetic ; and on the branches of 
sympathetic nerves, generally in the plexuses or at the points of junction of two or 
more nerves with each other or with branches of the corebro-spinal system. On 
section they are.seen to consist of a reddish-grey substance, traversed by numerous 
white nerve-fibres; they vary considerably in form and size; the largest are 
fotmd in the cavity of the abdomen; the smallest, not visible to the naked eye, 
exist in considerable numbers upon the nerves distributed to the different viscera. 

* They had, however, previously been noticed, though not accurately (li">cijb»*il, hy Doyeie, 
who named them ‘ nerve-hillocka ’ 
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Each ganglion is invested by a ^ooth and firm, closely adhering, membranous 
envelope, consisting of dense areolar tissue; this sheath is continuous with the 
perineurium of the nerves, and sends numerous processes into the interior to 
support the blood-vessela supplying the substance of the ganglion. 

In structure all ganglia are essentially similar (fig. 71), consisting of the 
same structural elements—viz. nerve-cells and nerve-fibres. Each nerve-cell 

has a nucleated sheath which is 
continuous mth the sheath of 
the nerve-fibre with which the 
cell is connected. The nerve- 
cells in the ganglia of the spinal 
nerves are pyriform in shape, 
and have oiily single processes. 
A short distance from the cell 
and while still within the gan¬ 
glion this process divides in a 
T-shaped manner,one limbof the 
cross-bar turning into the spinal 
cord, the other limb passing 
outwards to the periphery. In 
the sympathetic ganglia (fig. 71) 
the nerve-cells arc multipolar 
and each has one axis-cylinder 
process and several dendrons; 
the axon emerges from the gan¬ 
glion as a non-mcdulla,tcd nerve- 
fibre, Similar cells are foimd in 
the ganglia connected with the fifth crnniul nerve, and tliese ganglia are therefore 
regarded by some as the cranial portions of the sympathetic system. The spinal 
and sympatluitic ganglia dill'cr soim'what in the size and disj)osi’tion of thci cells anil 
in the number of jicrvc-fibres entering and leaving them. In the spinal giuiglia 
(fig. 72) the norvii-cells are much larger and for the most part collected in groujis 
near the perii)hery, white the fibres, wliich are mostly mednllated, traverse the 
central portion ol the ganglion ; whereas, in the synifiiithetic ganglia (fig. 71) tlie 


Fio. 71.—Section of a^sympathctic ganglion. 



Fig. 72.—Longitudinal section of a jiart of a }) 08 terior loot ganglion. 



cells are sinalliir and distributed in irregular groups throughout the whole ganglion ; 
the iibres also arc irregularly scattered; some of the entering ones are medullatcd, 
while, many of those, leaving the ganglion are non-incdnllated. i 

Ne/aron theory .—It was formerly believed that the various cells of the nervous system 
wore anatomically in continuity by means of their processes. In 1891 Waldcyer opjmsed 
this view, and formulated the doctrine that each nervo-cell and its piocesses (neuron) was 
an indoj)endent morihological unit, and that no continuity of the processes of one neuron 
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with those of another neuron although the. close relationship of the& pi^esses 

permitted physiological functional continuity. With improved methods of staining and 
impregnation of nerve-cells and their processes, the neuron theory has gained ground and 
is now apoopted by the majority of anatomists. On the other hand, it is maintained by 
Betho, Apathy and others that the nervous system is madd up of a network of ncuro- 
fibriUse which is continuous throughout the whole nervous system, is not confined to the 
neurons, and can give rise to new axons independent of nerve-cells. 


THE VASCULAR SYSTEM 


Pio. 7.3.—Transverse section through a 
small artery and vein of the mucous 
memlirano of the epiglottis of a child. 
Magnified about 350 diameters. (Klein 
and Noble Smith.) 


The Vascular system, exclusive of its central organ the heart, is divided into 
four clasHos of vessels : the arteries, ciipillaries, vciins, and lymphatics. The 
minute structure of those vessels will bo briefly described here, the reader being 
referred to the body of the work for the details of their ordinary anatomy. 

Structure of arteries (fig. 73). —The arteries are composed of three coats: 
internal or endothelial coat {tunica ivtirna of Kollikcr); middle muscular coat 
{tunica media) ; and external connective tissue (»)at {tunica adventitia). The 
two inner coats together are very easily separated from the external, as by the 
ordinary operation of tying a ligature 
round an artewy. If a fine stiing be tii d 
forcibly upon an artery and then taken off, 
the external coat will be found undivided 
Imt the two inner coats arc divided in the 
track of the ligature and can easily bo 
furtluir dissected from the outer coat. 

The inner coat {tunica inlima) can be 
separated from the middle by a little 
macemtion, or it may be stripjied oft' 
in siriall jiieees ; but, on account of its 
friability, it cannot bo separated as a 
coin])lcte mombramv. It is a fine, trans¬ 
parent, colourless structure which is highly 
elastic, and is commonly corrugated 
into longitudinal wrinkles. The inner 
coat cutLsists of: (J) A layer of pavement 
eudotlioliinn, the cells of which are poly¬ 
gonal, oval, or fusiform, and have very 
distinct round or oval nuclei. 1'his endo- 
thoiimn is brought into view most dis¬ 
tinctly by staining witli nitrate of silver. 

(2) A sub-endothelial layer, consisting of 
delicate connective tissue with branched 
cells lying in the interspaces of the tissue ; 
in arteries of less than a twelfth of an 
inch in diameter the sub-ciidothelial layer 
consists of a single stratum of st<!llat(' 
colls, and the connective tissue is only 
largely developed iji vessels of a coiisid<ir- 
ablo size. (3) An clastic or fenestrated 
layc'r, wliich consists of a membiiine con¬ 
taining a network of clastic fibres! having 
principally a longitudinal direction, and 
in which, under the microscope, small 
elongated apertures or perforations may 
be seen, giving it a fenestrated ai)p<!ar- 
ance. It was therefore called by Hcnlo 
t:\iafeneMrated membrane. This membrane 

forms the chief thickness of the inner coat, and can be separated into several 
layers, some of which present the appearance of a network of longitudinal elastic 
fibres, and others present a more membranous character, marked by pale lines 
liaviug a longitudinal direction. The fenestrated membrane in microscopic arteries 
is a very thin layer ; but in the larger arteries, and especially in the aorta, it haz 
a very considerable thickness. 



ruat m : Uio stail-sliHUCNl luirloi of tlu* iriiisrIv-rnllK 
are well m'fii. Oiitaiilo tin; is a. )>art ol (la attvon- 
tiiiji. TUib IS ooiiipuspil of bniallos ot t’o iiic*ctivc 
tissue* ftbres sWovmi in sr'cUoni Uio niU'Mof tiie 
vonnortiVG tissue coq)usfU*s. 'riio iuivontitia c.Tatlu- 
iiily into tho siirrouiulinK connective tissue. 

V. Vein sliuwitiR a tliiii endotliclial incinbratic, 
raised ai'CMilcntaliy froTn the iidiiiuj, v^lneh on account 
of itri delituicy is seen as u mere lino on the media m. 
This latt4*r is cotni»r)SC<l of a low (ffculai* uiiKtrljieil 
iTuiscIc-tvlIs. a, 'J'hc atlveiititia, siiiular in strac*- 
turo to that of an artery . 
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The middle coat (tunica media) is distinguished from the inner by its colour 
and by the transverse arrangement of its fibres. In the smaller arteries it consists 
principally of plain muscle-fibres in fine bundles, arranged in lamelliB and disposed 
circularly around the vessel. These lamellae vary in number according to the size 
of the vessel; the smallest arteries having only a single layer, and those slightly 
larger three or four layers. It is to this coat that the great thickness of the walls 
of the artery is mainly duo (fig. 73, a, m). In the larger vessels, as the iliac, 
femoral, and carotid, elastic fibres unite to form lamellae which alternate with the 
layers of muscular fibres ; these lamellae are united to one another by elastic fibres 
which pass between the muscular bundles, and are connected with the fenestrated 
membrane of the inner coat (fig. 75). In the largest arteries, as the aorta and 
innominate, the amount of elastic tissue is very considerable; in these vessels 
a few bundles of white connective tissue also have been found in the middle coat. 
The muscle-fibre cells arc about bJ,, of an inch in length and contain well-marked, 
rod-shaped nuclei, which are often slightly curved. 

The external coat (tunica adventitia) consists mainly of fine and closely felted 
bundles of white connective tissue, but also contains elastic fibres in all but the 

smallest arteries. The 
clastic tissue is much more 
abundant next the tunica 
media, and it is sometimes 
descriljed as forming here, 
between the adventitia and 
media, a special layer, the 
tunica elastica externa of 
Henle. This layer is most 
marked in arteries of 
medium size. In the 
largest vessels the external 
(ioat is relatively thin ; but 
in small arteries it is 
of greater proportionate 
thickness. In the smaller 
arteri(!s it consists of a 
single layer of white con¬ 
nective tissue and elastic- 
fibres ; while in the smallest 
arteries, just above the 
capillaries, the elastic fibres 
are wanting, and the con¬ 
nective tissue of which the 
coat is composed becomes 
more nearly homogeneous 
the nearer it approaches 
the capillaries, and is 
gradually reduced to a thin membranous envelope, which finally disappears. 

Some arteries have extremely thin coats in proportion to their size ; this is 
especially the case in those situated in the cavity of the cranium and vertebral 
canal, the difference depending on the tliinness of the external and middle coats. 

The arteries, in their distribution thi-oughout the body, are included in thin 
libro-areolar investments, which form their sheaths. In the limbs the sheath 
is usually formed by a prolongation of the deep fascia; in the upper part of 
the thigh it consists of a continuation downwards of the transversalis and iliac 
fascim of the abdomen ; in the neck, of a prolongation of the deep cervical fascia. 
The included vessel is loosely connected with its sheath by delicate areolar tissue ; 
and the sheath usually encloses the accompanjdng veins, and sometimes a nerve. 
Hume arteries, as those in the cranium, are not included in sheaths. 

All the larger arteries, like the other organs of the body, are supplied with 
blood-vessels. These nutrient vessels, call^ the vasa vasorum, anse from a 
branch of the artery or from a neighbouring vessel, at some considerable distance 
from the point at which they are distributed; they ramify in the loose areolar 
tissue connecting the artery with its sheath, and are distributed to the external 
coat, but do not, in man, penetrate the other coats; in some of the larger 


Fro. 74.—Longitudinal section of artery and vein. 



All artery from the mpbuiilery of a ehild, 'Ofia*, and b, vein -OCT' m 
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adventitia, with elongated nuiiei. Nurlei of tlie contraetile llbrc-cells 
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transverse section, y. Nuclei of the endotheUal cells. S. Elastic longi¬ 
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mammalB a few vessels have been traced into the middle coat. Minute veins 
serve to return the blood from these vessels; they empty themselves into the 
vein or veins accompanying the artery. Lymphatic vessels are also present in the 
outer coat. • 

Arteries are also supplied with nerves, which are derived from the 83 Tnpathetic, 
but may pass through the cerebro-spinal nerves. They form intricate plexuses 
upon the surfaces of the larger trunks, and run along the smaller arteries ^ single 
filaments, or bundles of filaments which twist around the vessel and unite with 
each other in a plexiform manner. The branches derived from these plexuses 
penetrate the external coat and are distributed principally to the,.mu8cular tissue ^ 
of the middle coat, and thus regulate, by causing the contraction and relaxation 
of this tissue, the amount of blood sent to any part. 

The capillaries.—The smaller arterial branches (excepting those of the 
cavernous structure of the sexual organs, of the spleen, and of the placenta) 


Fig. 76.—Section of a medium-sized artery* (After Grunstein.) 
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terminate in networks of vessels which pervade nearly every tissue of the body. 
These vessels, from their minute size, are termed capillaries. They are interposed 
between the smallest branches of the arteries and the commencing veins, consti¬ 
tuting a network, the branches of which maintain the same diameter throughout; 
the meshes of the network are more unifonn in shape and size than those formed 
by the anastomoses of the small arteries and veins. 

The diameters of the capUlaries vary in the different tissues of the^body, the 
usual size being about oi an inch. The smallest are those of the brain and 
the mucous membrane of the intestines ; and the largest those of the skin and the 
marrow of bone, where they are stated to bo as large as , of an inch in diameter. 
The form of the capillary net varies in the different tissues, the meshes being 
generally rounded or elongated. 

The rounded form of mesh is most common, and prevails where there is a dense 
network, as in the lungs, in most glands and mucous membranes, and in the cutis ; 
the meshes are not of an absolutely circular outline, but more or less angular, 
sometimes nearly quadrangular, or polygonal, or more often irregular. 
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£'lonffafcd mesA/?s are ohsorved iiitlic muscles and nerves, the meshes resembling 
parallelograms iu form, the long axis of the mesh running parallel with the long 
axis of the nerve or muscle. Sometimes the capillaries have a looped arrangement; 
a single vessel projecting from the common network and returning after forming 
one or more loops, as in the papilhe of the tongue and skin. 

The number of the capillaries and the size of tlic meshes determine the degree 
of vascularity of a part. The closest network and the smallest interspaces are 
found iu the lungs andcin the choroid coat of the eye. In these situations the 
ititerspaces are smaller than the capillary vessels themselves. In the kidney, in 
the conjunctiva, and in the cutis, the interspaces are from three to four times as 
large as the capillaries which form them ; and in the brain from eight to ten times 
as large as the capillaries in their long diameters, and from four to six times as large 
in their transverse diameters. In the adventitia of arteries the width of the meshes 
is ton times tliat of the capillary vessels. As a general rule, the more active the 
function of the organ, the closer is its capillary net and the larger its supply of 
blood; the meshess of the network are very nan-ow' in all growing parts, in the 


Fig. 76. — Capillarie.s from 
(he mesentery of a guinea- 
pig after treatment ^^•ith 
solution of nitrate of silver. 
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glands, and in the mucous 
membranes; wider in bojies 
and ligaments, wliicli are 
com 2 )siratively inactive; 
and nearly altogether ab¬ 
sent in tendons, in which 


Fig. 77.—Finest vessels on the arterial side. From 
the human Inain. Magnified 3U0 limes. 
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very little organic change occurs after thei fonnation. In the liver the capillaries 
take a more or less radial (;ourse, towards the intralobular vein, and an; believed 


by soiiM! authorities to open freely into the substance of the liver, although not to 


such a degree as in the spleen. 

Structore.—Tlie wall of a capillary consists of a fine transparent cndothidial 
layer, composed of cells joined edge to edge by an interstitial cement-substance, 
and continuous with the endothelial cells which line the arteries and veins. When 


stained witli nitrate of silver the edges w'hich bound the epithelial cells are brought 
into view (fig. 76). These cells are of large size and of an irregular polygonal or 
lanceolate shape, each containing an oval nucleus which may be brought into view 
by carmine or bsematoxylin. Hotween their edges, at various points of their meeting, 
roundish dark spots are sometimes seen, which have been described fis stomata, 
though they are closed by intercellular substance. They have been believed to 
be the situations through which the colourless corpuscles of the blood, when 



59 


. SYSTE^jt'. 

^migrating from the blood-vessels, emerge ; but this view, though probable, is not 
universally accepted. 

Kolossow describes these cells as having a rather more complex -structure. 
He states that each consists of two parts: of hyaline ground-plates, and of a proto¬ 
plasmic granular part, in which is imbedded the nucleus, on the outside of the 
ground-plates. The hyalme internal coat of the capillaries does not form a 
complete membrane, but consists of ‘ plates ’ which are inelastic, and though in 
contact with each other arc not continuous ; when ther(|fore the capillaries are 
subjected to intravascular pressure, tljc plates become separated from each 
other; the protoplasmic portions of the cells, on the other hand, are united 
together. 

In many situations a delicate sheath or envelope of branched nucleated 
connective tissue cells is found around the simple capillary tube, particularly 
in the larger ones; and in other places, especially in tlie glands, the capillaries 
are invested with retifonn connective tissue. 


J^'io. 78.—Section of a mcdiiim-sffied vein. 
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In the largest cajiillaries (which ought, perhaps, to be described rather as the 
smallest arteries or pi’c-eapillaries) there is, outside the epithelial layer, a museulor 
layer consisting of cojitractile fibre-cells arranged transversely, as in thi; tunica 
media of the arteries (fig. 77). 

Structure of veins.—The veins, like the arteries, are composed of three coats— 
internal, middle, and external; and these coats are, with the necessary modifica¬ 
tions, analogous to the coats of the arteries ; the internal being the ^idolhelial, 
the middle the muscular, and the external the connective or areolar (fig. 78). The 
main dificrence between the veins and the arteries is in the comparative weakness 
of the middle coat in the former. 

In the aniallcst veins the three coats are hardly to be distinguished.* The 
endothelium is supported on a membrane separable into two layers, the outer 
of which is the thicker, and consists of a dehcate, nucleated membrane (adven¬ 
titia), while the inner is composed of a network of longitudinal clastic fibres 
(media). In the veins next above these in size (one-sixtioth of an inch in 
diameter), according to Kfilliker a connective tis.suc layer eontaining numerous 
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muscle-fibres circularly disposed can .be traced, forming the middle coat, while 
the clastic and connective tissue elements of the outer coat become more diS»f 
tinctly perceptible. In the middle-sized veins the typical structure of these vessels 
becomes clear. The endbthdium is of the same character as in the arteries, but 
its cells are more oval and less fusiform. It is supported by a connective tissue 
layer, consisting of a delicate network of branched cells, and external to this is 
a layer of elastic fibres disposed in the form of a network in place of the definite 
fenestrated membrane iseen in arteries. This constitutes the internal coat. The 
middle coat is composed of a thick layer of connective tissue with elastic fibres, 
intermixed, in some veins, with a transverse layer of muscular tissue. The white 
fibrous element is in considerable excess, and the elastic fibres are in much smaller 
proportion in the veins than in the arteries. The outer coat consists, as in the 
arteries, of areolar tissue, with longitudinal elastic fibres. In the largest veins the 
outer coat is from two to five times thicker than the middle coat, and contains a 
large^ number of longitudinal muscular fibres. These are most distinct in the 
inferior vena cava, especially^at the termination of this vein in the heart, in the 
trunks of the hepatic veins, m all the large trunks of the portal vein, and in the 
external iliac, renal, and azygos veins. In the renal and portal veins they extend 
through the whole thickness of the outer coat, but in the other veins mentioned 
a layer of connective and elastic tissue is found external to the muscular fibres. All 
the large veins which open into the heart are covered for a short ^distance 
with a layer of striped muscular tissue continued on to them from the heart. 
Muscular tissue is wanting—(1) in the veins of the maternal part of the placenta ; 
(2) in the venous sinuses of the dura mater and the veins of the pia mater of the 
brain and spinal cord ; (3) in the veins of the retina ; (4) in the veins of the can¬ 
cellous tissue of bones; (6) in the venous spaces of the corpora cavernosa. The 
veins of the above-mentioned parts consist of an internal endothelial linin g 
supported on one or more layers of areolar tissue. 

Most veins are provided with valves which serve to prevent the rcfiux of the 
blood. , Each valve is formed by a reduplication of the inner coat, strengthened 
by connective tissue and elastic fibres, and is covered on both surfaces with endo¬ 
thelium, the arrangement of which differs on the two surfaces. On the surface 
of the valve next the wall of the vein, the cells are arranged transversely; while 
on the other surface, oyer which the current of blood fiows, the cells arc arranged 
longitudinally in the direction of the current. Most commonly two such valves 
arc found placed opposite one another, more especially in the smaller veins or 
in the larger trunks at the point where they are joined by smaller branches; 
occasionally there are three and sometimes only one. The valves are semilunar. 
They are attached by their convex edges to the wall of the vein ; the concave 
margins are free, directed in the course of the venous current, and lie in close 
apposition with the wall of the vein as long as the current of blood takes its 
natural course ; if,'however, any regurgitation takes place, the valves become 
distended, their opposed edges are brought into contact, and the current is 
interrupted. The wall of the vein on the cardiac side of the point of attach¬ 
ment of each valve is expanded into a pouch or sinus, which gives to the vessel, 
when injected or distendea with blood, a knotted appearance. The valves are very 
numerous in the veins of the extremities, especially of the lower extremities; 
these vessels having to conduct the blood against the force of gravity. They are 
absent in the very small veins, i.e. those less than of an inch in diameter, also 
in the vense cavse, the hepatic veins, portal vein and most of its branches, the 
renal, uterine, and ovarian veins. A few valves are found in each spermatic vein, 
and one also at its point of junction with the renal vein or inferior vena cava 
respectively. The cerebral and spinal veins, the veins of the cancellated tissue 
of bone, t»he puhnonary veins, and the umbilical vein and its branches, arc also 
destitute of valves. Valves are occasionally found, few in number, in the azygos 
and intercostal veins. 

The veins, like the arteries, arc supplied with nutrient vessels, vaaa vasarum. 
Nerves also are distributed to them in the same manner as to the arteries, but 
in much less abundance. 

Stracture of lymphatics.—The lymphatic vessels, including in this term the 
lacteal vessels which are identical in structure with them, are composed of throe 
coats. The internal is an endothelial and elastic coat. It is thin, transparent, slightly 
elastic, and ruptures sooner than the other coats. It is composed of a layer of 
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Fio. 79.—PfieudoBtomata of 
HorouB membranes. 
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^^ongated endothelial cells with serrated margins, by which the adjacent cells are 
dovetailed into one another. These are support^ on an elastic membrane. The 
middle coat is composed of smooth muscular and fine elastic fibres, disposed in a 
transverse direction. The external coat consists of c.onnflctive tissue, intermixed 
with smooth muscular fibres longitudinally or obliquely disposed. It forms a 
protective covering to the other coats, and serves to connect the vessel with the 
neighbouring structures, 'fhe above description applies onlv to the larger 
lymphatics; in the smaller vessels there is no muscular ar elastic coat, and the 
wan consists only of a connective tissue coat, lined by endothelium. The thoracic 
duct has a more complex structure than the other lymphatics ; it presents a dis¬ 
tinct sub-endothelial layer of branched corpuscles, similar to that found in the 
arteries, and in the middle coat is a layer of connective tissue with its fibres 
arranged longitudinally. The lymphatics are supplied by nutrient vessels, which 
are distributed to their outer and middle coats ; and here also have been traced 
many non-medullated nerve-fibres in the form of a fine plexus of fibrils. 

The lymphatics are very generally provided 
with valves, which assist materially in effecting 
the circulation of the fluid they contain. These, 
valvcis are formed of thin layers of fibrous tissue, 
lined on both surfaces by endothelium, which 
presents* the same arrangement upon the two 
surfaces as was described in connexion with the 
valves of veins. In form they are semilunar; 
they arc attached by their convex edges to the 
sides of the vessel, the concave edges being free 
and directed along the course of the contained 
current. Usually two such valves, of equal size, 
are found opposite one another ; but occasionally 
exceptions occur, especially at or near the anas¬ 
tomoses of lymphatic vessels. Thus, one valve 
may Ixj of very rudimentary size and the other 
increasexl in proportion. 

The valves in the lymphatic vessels arc; placed 
at much shorter intervals than in the veins. They 
are most numerous near the lymphatic glands, 
and an*- found more frequently in the lymphatics 
of the neck and uppe-r extremity than in those of 
the lower extremity. The wall of a lymphatic 
immediately above the point of attachment of 
each segment of a valve is expanded into a pouch 
or sinus, which gives to these vessels, when dis¬ 
tended, the knotted or beaded appearance which 
they present. Valves are wanting in the vessels 
composing the plexiform network in which the 
lymphatics usually originate on the surface of 
the body. 

Origin of lymphatics.—The finest lymphatic 
vessels (lymphatic capillaries) form a plexiform 
network in the tissues and organs, and their walls 

consist of a single layer of endothelial plates, with more or less sinuous margins ; 
the vessels of the lymphatic system therefore form a series of closc<l tubes similar 
to those of the blocxl vascular system. The lymphatic vessels for the most part 
accompany the arteries or veins throughout the body; sometimes a minute 
artery may be seen to be ensheathed for a certain distance by a lymphatie capillary 
vessel, which is often many times wider than a blood capillary. These are known 
as perivascular lymphatics. 

Terminations of lymphatics.—The lymphatics, including the lacteals, discharge 
their contents into the veins at two points : namely, at the angles of juhetion 
of the subclavian and internal jugular veins—on the left side by means of 
the thoracic duct, and on the right side by the right lymphatic duct. (See 
description of lymphatics.) 

Lymphatic glands (lymph glands) are small oval or bean-shaped bodies, situated 
in the course of lymphatic and lacteal vessels so that the lymph and chyle pass 
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througli .them on itheir way to the blood. Bach generally presents on one side a 
slight d^ression—the hUus —throi^h which the blood-vessels enter and leave 
the interior. The efferent Ijmiphatio vessel also emerges from the gland at this spot, 
while the afferent vessels* enter the organ at different parts of the periphery. On 
section (ftg. 80), a lymphatic gland displays two different structures : an external, 
of lighter colour—the cortical; and an internal, darker—the medullary. The cor¬ 
tical structure does not form a complete investment, but is deficient at the hilum, 
where the medullary portion reaches the surface of the gland ; so that the efferent 
vessel is derived directly from the medullary structure, while the afferent vessels 
empty themselves into the cortical substance. 

A lymphatic gland consists of (1) a fibrous envelope, or capsule, from which a 
framework of processes {trabecula}) proceeds inwards, imperfectly dividing the 
gland into open spaces freely communicating with each other; (2) a quantity of 
lymphoid tissue occupying these spaces without completely filling them ; (h) a 
free supply of blood-vessels, which arc supported on the trabecula); and (4) the 
afferent and ejfcrevt vessels. The nerves passing into the liilus are few in number 
and are chiefly distributed to the blood-vessels supplying the gland. 

Fill. 80.—Secftion of a lympliatic gland. 
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'I’hc capsule is composed of connective tissue with some plain rauschs-fibres, 
and from its internal surface are given off a number of membranous processes or 
trabeculic, consisting, in man, of connective tissue, with a small admixture of 
plain muscle-fibres; but in many of the lower anitnah composed almost entirely 
of involuntary muscle. They pass inwards, radiating towards the centn; of the 
gland, for a certain distance -that is to say, for about one-third or one-fourth of 
the 8])ace between the circumference and the centre of the gland. In some animals 
they are sufiici<'ntly well marked to apparently divide the peripheral or cortical 
portion of the gland into a number of compartments (so-called follicles), but in 
man this arrangement is not obvious. The larger trabeculiu springing from the 
capsule break up inir) finer bands, and these interlace to form a meshwmrk in the 
central or medullary ymrtion of the gland. In these spaces formed by the inter¬ 
lacing trabcculro (fig. 81) is contained the proper gland-substance or lymphoid 
tissue. The gland-pulp does not, however, completely fill the spaces, but leaves, 
between its outer margin and the enclosing trabcculai, a channel or space of uniform 
width throughout. This is tcirmcxl the lymph-path or Ifmph-sinus (fig. 83). Kunning 
across it arc a number of finer trabecuhn of retiform oounectivo tissue, the fibres 
of which are, for the most part, covered by ramifying cells. 
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P t On account of the peoi^iar arrangement of the feamework of the organ, the 
gland-pulp in the cortical portion is disposed in the form of nodules, and in th'e 
medulfiiry part in the form of rounded cords. It consists of ordinary lymphoid 


Fni. 81.—Follicle from a lymphatic gland of the 
dog, in vertical section. 
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•Fi«. 82.—^From tlio medullary 
sulibtanco of an inguinal gland 
of flic ox. (After His.) 
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The ajfer^ vessdla, as above stated, enter at all parts of the periphery of the 
gland, asd after branching and forming a dense plexus in the substance of the 
capsule open into the lymph-sinuses of the cortical part. In doing this they lose 
all their coats epept thbir endothelial lining, which is continuous with a layer 
of similar cells lining the lymph-patlis. In Tike manner the efferent vessel com- 
mence^ from the lymph-sinuses of the medullary portion. The stream of lymph 
carried to the gland by the afferent vessel thus passes through the plexus in the 
capsule to the lymph-paths of the cortical portion, where it is exposed to the 
action of the gland-pulp; flowing through these it enters the paths or sinuses 
of the medullary portion, and finally emerges from the hilus by means of the 
efferent vessel. The stream of l 3 rraph in its passage thniugh the l^mph-sinuses 
is much retarded by the presence of the reticulum, hence morphological elements, 
either normal or morbid, are easily arrested and deposited in the sinuses. This 
is a matter of considerable importance in connection with the subject of poisoned 
wounds and the absorption of the poison by the lymphatic system, since the 
causative micro-organisms of^the infective processes carried along the lymphatic 
vessels may be arrested in the lymph-sinuses of the gland-tissue, and thus be 
prevented Irom entering the general circulation. Many lymph-corpuscles pass 
with the efferent lymph-stream to join the general blood-stream. The arteri<*8 of 
the gland enter at the hilus, and either go at once to the gland-pulp, to break up 
into a capillary plexus, or else run along the trabeeulse, partly to supply them 
and partly running across the lymph-paths, to assist in forming the capillary plexus 
of the gland-pulp. This plexus traverses the lymphoid tissue, but does not enter 
into the lymph-sinuses. From it the veins commence and emeige from the organ 
at the same place as that at which the arteries entf'r. 


THE SKIN AND ITS APPENDAGES 

The skin (fig. 84) is the principal seat of the sense of touch, and may be 
regarded as a covering for the protection of the deeper tissues ; it plays an important 
part ill the regulation of the body temperature, and has also limited excretory and 
absorbing powers. It consists principally of a layer of vascular connective tissue, 
named the dermiK, eorium, or cutis vera, and an external covering of «*pitlielium, 
termed the epidermis or culiele. On the surface of the former layer ate the sensitive 
papilhr ] and witliin, or imbedded beneath it, are certain organs with special 
tnnetions : namely, the swejit-glatuls, hair-follicles, and sebaceous glands. 

The epidermis or cuticle {scarf-shin) is non-vascular, and consists of stratifiisl 
epithelium (fig. 85). It is accurately moulded on the papillary layer of the dermis. 
It forms a defensive covering to the surface of the true skin, and limits the eva¬ 
poration of watery vapour Irom its free surface. It varies in thickness in different 
parts. In some situations, as in the palms of the hands and soles of the feet, it is 
thick, hard, and homy in texture. This may be in a measure due to the fact that 
tliese paits are exposerl to intermittent pressure, but that this*is not the only 
eaiise is proved by the fact that the condition exists to a very considerable extent 
at birth. Tlu‘ more superficial layers of cells, calh'd the horny layer {stratum 
corneum), may be separated by maceration from a deeper stratum, which is 
called the rete mucosum or stratum Malpighii, and which consists of several layers 
ol differently shaped cells. The Irce surface of the epidermis is marked by a net¬ 
work td linear Inrrows of variable size, marking out the surface into a number of 
H])aees of polygonal or lozenge-shaped form. Some of these furrows are large, as 
oiipositc the llexurcs of the joints, and correspond to the folds in the dermis 
produced by movements. In other situations, as upon the back of the hand, 
they are txeeedingly line, and intersect one another at various angles. Upon the 
palmar suriaee oi the hand and fingers, and upon the sole of the foot, these lines 
are very ilistinet, and are disposed in curves; they depend upon the large size 
and peculiar arrangements of the papilla; upon which the epidermis is placed. 
In each individual the lines on the tips of the fingers form distinct patterns unlike 
those of any other person. A nietliod of dcteimining the identity of a criminal 
is based on this fact, impressions (‘ finger-prints ’) of these lines being made on 
paper covered with soot, or on white paper after first covering the fingers with ink. 
The deep surface of the epidermis is accnratoly moulded upon the papillary layer 
of the dermis, each papilla being cappeil by its epidermic sheath ; so that when 
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Ke epidennis }8 rsndved by maceration, it presents on its undw sarfoce a nifmbei 
Ki pits or depressions corresponding to the papiUss, and ridges corr^ponding 
to the intervals between them. Fine tubular prolongations are continued from 
this layer into the ducts of the sudoriferous and sebaceous glands. 

In structure, the epidermis consists of several layers of epithelial cells, 
agglutinated together and having a laminated arrangement. These several* layers 
may be described as composed of four different strata from within outwards: 
(1) the stratum Malpighii, composed of several layers of d^ithelial cells; those of 
the deepest layer are colurantir in shape and placed perpendicularly on the surface of 
the conum, the lower ends of the cells being denticulated, to fit into corresponding 
denticulations of the true skin ; this deepest layer is sometimes termed the basilar 


Fig. 84 . —A diagrammatic sectional view of the skin (magnified). 
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layer or stratum germirtativum; the succeeding strata consist of cells of a more 
rounded or polyhedral form, the contents of which are soft, opaque, grafuilar, and 
soluble in acetic acid. They are often marked on their surfaces with ridges and 
furrows, and are covered with numerous fibrils which connect the surfaces of the 
cells: these are known as prickle-cells (see page 15). They contain numerous epidermic 
^rils, which are stained violet with hsematoxylin and red with carmine, and form 
threads of union connec-ting adjacent cells. Between the cells are fine intercellular 
clefts which serve for the passage of lymph and in which l 3 nnph-corpu 8 cles or 
pigment-CTanules may be found. (2) Immediately superficial to these are two 
or three layers of flattened, spindle-shaped cells, the stroAum granuhsum, which 
conliain granules that are deeply stained by hsematoxylin; the granules consist 
• F 
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of a material named eleidin, an intermediate substance in the formation of 
keratin. They are supposed to be cells in a toaneitional stage between the proto¬ 
plasmic cells of the stratum Malpighii and the homy cells of the superficial layers. 
(3) Above this layer, th5 cells become indistinct, and appear in sections to lomr 
a homogeneous or dimly striated membrane, composed of closely packed scales 
in which traces of flattened nuclei may be found. It is called the stratum 
lucidum. (4) The surface layer consists of many lamellae of horny epithelial scales 
in which no nuclei are tiscernible, forming the stratum corneum. These cells are 
unaffectetl by acetic acid, the protoplasm having become changed into horny 
material or keratin. According to Ranvier they contain granules of a material 
which has the characters of beeswax. 

The deepest layer of the stratum Malpighii is separated from the papillae by 
an apparently homogeneous basement membrane, which is most distinctly brought 
into view in specimens prepared with chloride of gold. This, according to Klein, 
is merely the deepest portion of the epithelium, and is ‘ made up of the basis of 
the individual cells, which hav^ undergone a chemical and morphologic*! alteration.’ 
The black colour of the skin in the negro, and the tawny colour among some of the 


Fio. 85.—Section of epidermis. (Ranvier.) 



white races, is due to the presence of pigment in the cells of the cuticle. This 
pigment is more Cvspecially distinct in the cells of the deeper layer, or stratum 
Malpighii, and is similar to that found in the cells of the pigmentary layer of the 
retina. As the cells approach the surface and desiccate, the colour becomes 
partially lost; the disappearance of the pigment from the superficial layers of 
the epidermis is, however, difficult to explain. 

The dermis, corium, or cutis vera is tough, flexible, and highly clastic, in order 
to defend the parts beneath from violence. 

It varfts in thickness, from a forty-eighth to an eighth of an inch, in different 
parts of the body. Thus it is very thick in the palms of the hands and soles of the 
feet; thicker on the posterior aspect of the body than on the front, and on the 
outer than on the inner sides of the limbs. In the eyelids, scrotum, and penis it is 
exceedingly thin and delicate. The skin generally is thicker in the male than in 
the female, and in the adult than in the child. 

The corium consists of felted connective tissue, with a varying amount of 
clastic fibres and numerous blood-vessels, lymphatics, and nerves. The fibro- 
areolar tissue forms the framework of the cutis, and is differently arranged in 
different parts, so that it is usual to describe it as consisting of two layers: the 
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deeper or reticular layer, and the superficial or papiUarif layer. Unstriped 
muscular fibres are found in the superficial layers of the coiium, wherever hairs 
are present; and in the subcutaneous areolar tissue of the scrotum, penis, labia 
majora, and nipples. In the nipples the fibres are disposed in bands, closely 
reticulated and arranged in superimposed laminee. 

The reticular layer consists of strong interlacing fibrous bands, composed 
chiefly of the white variety of fibrous tissue, but also containing some fibres of 
yellow elastic tissue, which vary in number in different^ parts; and connective 
tissue corpuscles, which are often to be found flattened against the white fibrous 
tissue bundles. Towards the attached surface the fasciculi are large and warse, , 
and the areolae which are left by their interlacement are large, and occupied by 
adipose tissue and sweat-glands. Below this the elements of the skin become 
gradually blende^l with the subcutaneous areolar tissue, which, except in a few 
situations, contains fat. Towards the free surface the fasciculi are much finer, 
and their mode of interlacing close and intricate. 

The papillary layer is situated upon the free sujface of the reticular layer ; it 
consists of numerous small, highly sensitive, and vascular eminences, the papillcB, 
which rise perpendicularly from its surface. The papilla; are minute conical 
eminences, having round or blunted extremities, occasionally divided into two or 
more parts, and are received into corresponding pits on the under surface of the 
cuticle. Their average length is about , JU of an inch, and the diameter of the 
base jjjir, of an inch. On the general su/face of the body, more especially in 
those parts which are endowed with slight sensibility, they are few in number, 
short, exceedingly minute, and irregularly scattered over the surface ; but in some 
situations, as upon the palmar surface of the hands and fingers, upon the plantar 
surface of the feet and toes, and around the nipple, they are long, of large size, 
closely aggregated together, and arranged in parallel curved Unos, forming the 
elevated ridges seen on the free surface of the epidermis. Each ridge contains 
two row's of papillae, and between the two rows the ducts of the sweat-glands pass 
outwards to open on the summit of the ridge. In structure each papilla .consists 
of very small and closely interlacing buudJes of finely fibrillated tissue, with a 
few elastic fibres; within this tissue is a capillary loop, and in some papillae, 
especially in the palms of the hands and the fingers, there are tactile corpuscles. 

The arteries supplying the skin form a nctw'ork in the subcutaneous tissue, 
from which branches are given off to supply the sweat-glands, the hair-folliclcs, 
and the fat. Other branches are given off which constitute a plexus immediately 
beneath the corium ; from this, fine capillary vessels pass into the papilla;, forming, 
in the smaller ones, a single capillary loop, but in the larger, a more or leas c.on- 
voluted vessel. Then; are numerous lymphatics .supplied, to the skin, which form 
two networks, superficial and deep, comraunitsatiug with each other and with 
those of the subcutaneous tissue by oblique branches. 

The tierves of the skin terminate partly in the epidermis and partly in the 
cutis vera. The former are prolonged into the epidermis from a dense plexus in 
the superficial layer of the corium and terminate between the cells in bulbous 
extremities; or, according to some observers, in cup-shaped endings in which are 
lodged certain of the deeper cells of the Malpighian layer, termed tactile colls; 
these are especially well seen in the skin covering the pig’s snout. The latter 
tenmnate in end-bulbs, touch-corpuscles, or Pacinian bodies, in the manner already 
described ; and, in addition to these, a considerable number of fibrils are distribute!^ 
to the hair-folhcles, which are said to entwine the follicle in a circular manner. 
Other nerve-fibres are supphed to the plain muscular fibres of the hair-folhcles 
(arrectores pilorum) and to the muscular coats of the blood-vessels. These are 
probably non-medullated fibres. 

The appendages of the skin are the nails, the hairs, and the siidoriferouB 
and sebaceous glands w'ith their ducts. 

The nails and hairs are peculiar modifications of the epidermis, consisting 
essentially of the same cellular structure as that tissue. 

The nails (fig. 86) are flattened, elastic structures of a horny texture, placed 
upon the dorsal surfaces of the terminal phalanges of the fingers and toOs. 
Each nail is convex on its outer surface, concave ■within, and is implanted by a 
portion, called the root, into a groove in the skin; the exposed portion is called 
the body,^ and the distal extremity the /ree edge. The naif is firmly adherent to 
the dermis, being accurately moulded upon its surface, like the epidermis in other 
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parts. The part beneath the body and root of the nail is called the matm, 
because from it the nail is produced. Corresponding to the body of the nail, the 
m&trix is thick, and raised into a series of longitudinal ridges which are very 
vascular, and the colour* is seen through the transparent tissue. Behind this, 
near the root of the nail, there are papillsj which are smaU, less vascular, and 
have no regular arrangement, and here the tissue of the nail is somewhat more 
opaque; hence this portion is of a whiter colour, and is called the lunula on 
account of its shape. ' 

The cuticle as it passes forwards on the dorsal surface of the finger or toe is 
attached to the surface of the nail a little in advance of its root; at the extremity 
of the finger it is coimected with the under surface of the nail a little behind its 
free edge. The cuticle and horny substance of the nail (both epidermic structures) 
are thus directly continuous with each other. The nails consist of a greatly 
thickened stratum lucidum, the stratum corneum forming merely the thin cuticular 
fold {eponychium) which overlaps the lunula. The colls have a laminated arrange¬ 
ment, and are essentially similar to those composing the epidermis. The cells of 
the deepest layer, which lie in contact with the papillae of the matrix, arc columnar 
in form and arranged perpendicularly to the surface; those which succeed them 
are of a rounded nr polygonal form, the more superficial ones becoming broad, 
thin, and flatteiiod, and so closely packed as to make the limits of each cell very 
indistinct. It is by the successive growtli of new cells at the root and under 
surface of the body of the nail that it advances forwards and maintains a due 
thickness, while, at the same time, the growth of the nail in the proper direction 
is secured. As these cells in their turn become displaced by the growth of new 


Fio. 86.—Ijongitudinal section through human nail and its nail groove (sulcus). 
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ones, they assume a flattened form, and finally become compacted together into a 
firm, dense, horny texture. In chemical composition the nails resemble the upper 
layers of the epidermis. According to Mulder, they contain a somewhat larger 
proportion of carbon and sulphur. 

The hairs are peculiar modifications of the epidermis, and consist essentially 
of the same structure as that membrane. They are found on nearly every part of 
the surface of the ))ody, excepting the palms of the hands, soles of the feet, and 
the glans penis. They vary much in length, thickness, and colour in different parts 
of the body and in different races of mankind. In some parts, as in the slan of 
the eyelids, they are so short as not to project beyond the follicles contmning 
them; in others, as upon the scalp, they are of considerable length ; again, in 
other parts, as the eyelashes, the hairs of the pubic region, and the whiskers and 
beard, they are remarkable for their thickness. Straight hairs are stronger than 
curly hairs, and present on transverse section a cylindrical or oval outline ; curly 
hairs, on ^he other hand, are flattened. 

A hair consists of a root, the part implanted in the skin ; a shaft or stem, the 
portion projecting from the surface : and a point. 

The-root of the hair presents at its extremity a bulbous cnlargenaent, wliich is 
whiter in colour and softer in texture than the shaft, and is lo^ed in a follicular 
involution of the epidermis called the hair-follicle (fig. 87). When the hair is of 
considerable length the follicle extends into the subcutaneous cellular tissue. The 
hair-follicle commences on the surface of the skin with a funnel-shaped opening, 
and passes inwards in an oblique or curved direction—the latter in curly hairs— 
to become dilated at its deep extremity, where it corresponds with the bulbous 
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enlargement of the hair which it contains. Opening into it, near its free 
extremity, are the ducts of one or more sebaceous glands. At the bottom 
of each hair-follicle is a small conical, vascular eminenoe or papilla, similar in' 
every respect to those found upon the surface of the shift; it is continuous with 
the dermic layer of the follicle, is highly vascular, and probably supfdied with 
nerve-fibrils. In structure the hair-folucle consists of two coats—an outer or 
dermic, and an inner or epidermic. 

The outer or dermic coat is formed mainly of fibrous tissue; it is continuous 
with the corium, is highly vascular, and supplied by numerous minute nervous 
filaments. It consists of three layers (fig. 88). The most internal, next the 
cuticular lining of the follicle, consists of a hyaline basement membrane having 
a glassy, transparent appearance, which is well marked in the larger hair-follicle, 

V 

Fio. 87.—Section of skin, showing the epidermis and dermis: a hair in its follicle; 
the arrector pili muscle: sebaceous glands. 
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but is not very distinct in the follicles of minute hairs. It is continuous with the 
basement membrane of the surface of the corium. External to this is a compact 
layer of fibres and spindle-shaped cells arranged circularly around tfte folhcle. 
This layer extends from the bottom of the follicle as high as the entrance of the 
ducts of the sebaceous glands. Externally is a thick layer of connective tissue, 
snanged in longitudinal bundles, forming a more open texture and corresponding 
to the reticular part of the corium. In this are contained the blood-vessels and 
nerves. 

The inner or epidermic layer is closely adherent to the root of the hair, so that 
when the hair is plucked from its follicle this layer most commonly adheres to it 
and forms what is called the root-shetdh. It consists of two strata named respec¬ 
tively the outer and inner root-sheaths j the former of these corresponds with the 
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iia^ayet of the epidermis, and ieseiAbles it in tbe Jtounded form and wft 
bharaister of its cells; at the bottom of the hair-folUcle these cells become con¬ 
tinuous with those of the root of the hair. The inner root-sheath consists of: (1) a 
delicate cuticle next the Hair, composed of a thin layer of imbricated scales having 
a downward direction, so that they fit accurately over the upwardly directed 
imbricated scales of the hair itself; (2) one or two layers of horny, flattened, 
nucleated cells, known as Huxley's layer ; and (3) a single layer of homy oblong 
cells without visible nuclei, called Henle's layer. 

The hair-follicle contains the root of the hair, which terminates in a bulbous 
extremity, and is excavated so as to fit exactly the papilla from which it grows. 
The bulb is composed of polyhedral epithelial cells, wmch as they pass upwards 
into the root of the hair become elongated and spindle-shaped, except some in 
the centre which remain polyhedral. Some of these latter cells contain pigment 
granules which give rise to the colour of the hair. It occasionally happens that 
these pigment granules completely fill the cells in the centre of the bulb; this 

, gives rise to the dark tract 

Fig. 88.—^Transverse section of hair-follicle. *^f pigniont often found, of 

greater or less length, in the 
axis of the hair. 

The shaft of the hair con¬ 
sists of a central pith or 
medulla, an intermediate 
fibrous part, and the cuticle 
externally, 'niomedvlla occu¬ 
pies the centre of the shaft 
and ceases towards the point 
of the hair. It is usually 
wanting in the fine hairs 
covering the surface of the 
body, and commonly in those 
of the head. It is more 
opaque and deispor coloured 
when viewed by transmitted 
light than the fibrous ])art; 
but when viewed by reflected 
light it is white. It is com¬ 
posed of rows of polyhedral 
cells, which contain granules 
of eleidiji and frequently 
air-spaces. The fibrous por¬ 
tion of the hair constitutes 
the chief part of the shaft; 
its cells are elongated and 
imite to form flattened fusi¬ 
form fibres. Between the 
fibres are found minute 
spaces which contain pigment 
^anules in dark hair, and 
minute air-spaces in white hair. In addition there is also a diffused pigment 
contained in the fibres. The cells which form the havr-cutiefe consist of a 
single layer which surrounds those of the fibrous part; they are converted 
into thin, flat scales having an imbricated arrangement. 

Connected with the hair-follicles are minute bundles of involuntary muscular 
fibres, tcrfiicd the arrectores pilorum. They arise from the superficial layer of the 
corium, and are inserted into a thickened portion of the outer surface of the hair- 
follicle, below the entrance of the duct of the sebaceous gland. They are placed 
on the side towards which the hair slopes, and by their action elevate the hair 
(fig. 87).* The sebaceous gland is situated in the angle which the arrector 
muscle forms with the superficial portion of the' hair-follicle, and contraction of 
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Ouli'i or 
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* Arthur Themhuii suggests, ttiul tin- contraction of tficse luuhclos on follicles which contain 
weak, flat hairs will tend to produce a i)crraanent curve in the follicle, and this cuivo will be 
iniiaTs.sed on the hair which is moulded within it, so that the hair, on emerging through the 
skill, will be curled. Cinved hair-folliclcs are characteristic of the scalp of the Bushman. 
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the muscle thus tends to squeeze tlxe'^aoeous secretion out from 
the gland. 

^e sebaoeoue glands are small, sacculated, glandulal: omans, bd^d in the 
substance of the corium. They are found in most pasrts <n the skm, but are 
especially abundant in the scalp and face; they are also very numerous around the 
apertures of the anus, nose, mouth, and external ear, but are wanting in the palms 
of the hands and soles of the feet. Each gland consists of a single duct, more or 
less capacious, which emerges from a cluster of small socretiug pouches or saccules. 
The sacouli connected with each duct vary, as a rule, in nunmer from two to five, 
but in some instances may be as many as twenty. Bach saccule is composed of 
.1 transparent, colourless membrane, enclosing a number of epithelial cells. Those 
of the outer or marginal layer arc small and polyhedral, and are continuous with 
the lining cells of the duct. The remainder of the sac is filled with larger cells, 
••ontaining tat, except in the centre, where the cells have become broken up, leaving 
a cavity filled with their debris and a mass of fatty matter, which constitutes 
the sebaceous secretion. The ducts open most fiequently into the hair- 
lolhcloa, but occasionally upon the general surface, as in the labia minora and the 
lice margin of the lips. On the nose and face the glands are of large size, distinctly 
lobiilated, and often become much enlarged from the accumulation ot pent-up 
secretion. The largest scbaeeoiib 


Flu. 89.—Coiled tube of a sweat-gland cut 
in various directions. 
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glands are those found in the eye- 
hds—tlie JVIeibomi.m glands. 

The sudoriferous or sweat glands 
.ire the organs bv which water and 
traces of organic m.iterial are excreted 
by the skin. They arc found in almosl 
everv part of tins stnietuie, and are 
situated in small pits on the under 
surface of tlie corium, or, more fre- 
qneiitlv, in tlu* subcutaiieous <ireolai 
tissue, surrounded by a quantity of 
adipose tissm*. They are small, lobular, 
leddish bodies, consisting ol a single 
convoluted tube, fiom which the 
ollcrcnt duct proceeds upwards 
through the corium and cuticle, 
iiecomes somewhat dilated at its 
extremity, and opens on the surface 
of the cuticle bv an oblique valve-like 
aperture. The duct, as it passes 
thioiigh the opidemiis, presents a 
spiral arrangement, being twisted like 

a ^1 ksrrow in those parts wheiic the epidermis is thick; where, how ever, the 
epide’inis is thin, the spiral arrangement docs not exist; the spiral course 
V particularly distinct in the thick cuticle of the palms of 

the hands and soh*s of the feet. In the superficial layers of the coiium the 
duct IS straight, but in the deeper layers it is convoluted or even twisted. 
The size ol the glands varies. They are especially largo in those regions where 
the amount of perspiration is great, as in the axillse, where they form a thin, 
mammillated layer of a reddish colour, which corresponds exactly to the situation 
of the hair in this region; they are large also in the groin. Their number 
varies. They are most numerous on the palms ot the hands, presenting, according 
to Krause, 2,800 orifices on a square inch ol the integument, and are rather less 
numerous on the soles of the feet; in both of these situations the orifices of the 
<luets are exceedingly regular, and open on the curved ridges. In other situa¬ 
tions the glands are more irregularly scattered, but the number in a given extent 
ot surface presents a fairly uniform aver.ago. In the neck and back they aie least 
nunierous, their number amounting to 417 on the square inch (Krause). Their 
^“™ber is estimated by th* same writer at 2,381,248, and he calculates that 
the whole of these glands would present an evaporating surface of about eight 
square inches. Each gland consists of a single tube intricately convoluted, 
terminating at one end .by a blind extremity, and opening at the othei cud upon 
the surface of the skin. The wall ol the duct is thick, the lumen seldom 
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exceeding’'dii|^lliird dl the diameter of the tubes. The tube, both in the gland 
and where it forms the excretory duct, consists of two layers—an outer, formed 
by fine areolar tissue; and an inner layer of epithelium (fig. 89). The external 
coat is thin, continuous with the superficial layer of the corium, and extends only 
as high as the surface of the true skin. The epithelial lining in the distal part 
of the coiled tube of the gland proper consists of a single layer of cubical 
epithelium, supported on a basement'membrane, and beneath it, between the 
epithelium and the fi^ro-cellular coat, a layer of longitudinally or obliquely 
arranged fibres, composed of involuntary muscle, the contractidti of which aids the 
expulsion of the sweat. In the duct and the proximal part of the coiled tube of 
the gland proper there are two or more layers of polyhedral cells, lined on the 
internal surface, i.e. next the lumen of the tube, by a delicate membrane or cuticle, 
and on the outer surface by a limiting membrana propria, but there are no muscular 
fibres. The epithelium is continuous with the epidermis and with the delicate 
internal cuticle of the epidermic portion of the tube. When the cuticle is care¬ 
fully removed from the surface of the cutis, these convoluted tubes of epithelium 
may be drawn out in the fomi of short, thread-like processes on its under surface. 

The contents of the smaller sweat-glands are quite fluid; but in the larger 
glands the contents are semi-fluid and opaque, and contain a numb^'T of coloured 
gran ides and cells which appear analogous to epithelial cells. 


SEROUS MEMBRANES 

The serous membranes form shut sacs, the walls of which are normally in con-. 
tact so that the enclosed cavity is merely a potential one. The sac consists of 
one portion which is applied to the walls of the cavity which it lines—the farietal 
portion ; and another reflected over the surface of the organ or organs contained in 
the cavity—the oiscern^ portion. Sometimes the sac is arranged quite simply, as 
is the tunica vaginalis testis ; at others with numerous involutions or recesses, 

as in the peritoneum, in which, 
Fio. 90.—Part of the peritoneal surface of the central nevertheless, the membrane 
tendon of the diajihragm of a rabbit, prepared with can always be traced con- 
nitrate of silver. tinuously around the whole 

circumference. The sac is 
bomplctely closed, so that no 
communication exists between 
the serous cavity and the parts 
in its neighbourhood. An ex¬ 
ception exists in the peri¬ 
toneum of the female ; for the 
Fallopian tubes open freely 
into the peritoneal cavity in 
the dead subject. This com¬ 
munication, however, is closed 
during life, except at the 
moment of the passage of the 
ovum out of the ovary into the 
tube, as is proved by the fart 
that no interchange of fluids 
ever takes place between the 
two cavities in dropsy of the 
peritoneum, or in accumula¬ 
tion of fluid in the Fallopian 

l, Lymph-cliaimols. t, Tonilon-biindles. t. Tlip BiippoHcd stomata, tubcS. The SCrOUS membrane 
^Jimpa of KeminatljiB ppiU«d^ CPUs. (ITom ‘ Ifutidbook for the jg sometimes supported by 
rhyHioUigiouI UBboratory. Klnn.) _ / 

a firm, fibrous layer, as is 
the case with the pericardium, and such membranes may be spoken of as fihro- 
serous. , 

The various serous membranes are the peritoneum, lining the cavity of the 
abdomen; the two pleura? and the pericardium, covering the lungs and heart 
respective!}'; and the tunica? vaginalcs, surrounding the testicles in the scrotum. 
Serous membranes are thin, transparent, glistening structures, each consisting of a 






SEROUS MEMBRANES 73^ 

h.oiiiogeii6ous bftseniBnt nieuibraDe linad bn its lunar by ft kui^a layar^ of ^ 

poh’gonal or pavement endothelial cells, supported on a matrix of fibrous connective 
tissue, with networks of fine elastic fibres, m which are cdntained numerous capil¬ 
laries and lymphatics. On the surface of the endothelium between the cells 
numerous apertures or interruptions are to be seen. Some of these are the 
structures formerly described as stomata, each of which is composed of cubical 
endothelium {see fig. 90); others (pseudostotnata) are mere interruptions in the 
endothelial layer, and ate occupied by processes of the branched connective 
tissue corpuscles of the subjacent tissue or by accumulations of the intercellular 
cement substance. 

The amount of fluid contained in these closed sacs is, in most cases, only 
sufiicient to moisten the surface; when a small quantity can be collected, it is 
found to resemble lymph, and like that fluid coagulates spontaneously ; but when 
secreted in large quantities, as in dropsy, it is a more watery fluid, yet stUl 
contains a considerable amount of protein wliich is coagulated on boiling. 


SYNOVIAL MEMBRANES 


Fio. 91.—^Villus of synovial mem¬ 
brane. (After Hammar.) 


Synovial membranes, like serous membranes, are connective tissue membranes. 
In some cases they form closed sacs (synovial sheaths and bursaj) directly inter¬ 
posed between two movable tissues so as to 
diminish friction; thus they may be placed 
between a tendon and a bone where the 
formei- glides over the latter, or between the 
skin and various subcutaneous bony pro¬ 
minences. In other cases they form incom¬ 
plete. linings for the capsules of movable 
joints ; in such cases a diminution of fiiction 
between the joint-sui'faces is effected by 
the scci'ction poured out from the synovial 
cells. 

The synovial membranes are <;om})osed 
essentiiilly of the typical c.onnc(!tive tissue, 
cells and fibres, containing jiumcrous vessels 
and nerves. It was formerly supposed that 
these membranes were analogous in structure 
to the serous membranes, and consisted of a 
layer of flattened cells on a basement mcm- 
bjan(‘. No such continuous layer, however, 
exists, although here and there are patches 
of epithelioid cells, surrounded and held 
together by an albuminous ground substance. 

Long villus-like proee.8ses (fig. 91) are often 
found projecting from the surfaces of synovial 
membranes; they are covered by small 
rounded cells, and are supposed to extend the 
surface for the secretion of the fluid {synovia) 
which moistens the membranes. It is a rich 
lymph, plus a mucin-like substance, and to the 

latter constituent it owes its viscidity. A further description of the synovial 
membranes will be given with the anatomy of the joints. 



MUCOUS MEMBRANES 

Mucous membranes line all the passages of the internal organs, and are 
continuous with the skin at the various orifices by which these passages open on 
e surface of the body. They are soft and very vascular, and the surface 
18 coated over by their secretion, mucus, which is of a tenacious consistence and 
serves to protect them from the foreign substances with which they are brought 
m contact. j b 
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They are described as lining the two tracts—^the gastro-pulmonary and the 
pnito-urinary; and all, or almost all, mucous membranes may be classed as 
belonging to and continuous with the one or the other of these tracts. 

The deep surfaces of'these membranes are attached to the parts which they 
line by means of connective tissue, which is sometimes very abundant, forming 
a loose and lax bed, so as to allow considerable movement of the opposed surfaces 
on each other. This is termed the submucous tissue. In other cases such an 
iutervenhig tissue is esceedingly scanty, and the membrane is closely connected 
to the tissue beneath; sometimes, for example, to muscle, as in the tongue; 
sometimes to cartilage, as in the larynx ; and sometimes to bone, as in the nasal 
fossie and air sinuses of the skull. 

In structure a mucous membrane is composed of corium and efiihdium. The 
epithelium is of various forms, including the squamous, columnar, and ciliated, 
and is often arranged in several layers. This epithelial layer is supported by the 
curium, which is analogous to the 'dermis of the skin, and consists of connective 
tissue, either simply areolar, qy containing a greater or lesser quantity of lymphoid 
tissue. The corium is usually covered on its external surface by a transparent 
basement membrane, generaUy composed of clear flattened cells placed edge to 
edge ; on this the epithelium rests. It is only in some situations that the basement 
membrane can be demonstrated. The cx)rium is an exceedingly vascular membrane, 
containing a dense network of capilkries. which lie immediately beneath the 
epithelium and are derived from small arteries in the submucous tissue. 

The fibro-vascular layer of the corium contains, besides the areolar tissue 
and vessels, unstriped muscle-cells, which form in manj’ situations a definite 
layer called the muscularis mucosa. These are situated in the deepest part of 
the membrane, and are plentifully supplied with nerves. Other irervcs pass to 
the epithelium and terminate between the cells. Lymphatic vessels are found 
in great abundance, commencing by blind extremities and communicating with 
plexuses in the submucous lassue. 

Imbedded in the mucous membrane are found numerous glands, and projecting 
from it are processes (villi and papillse) analogous to the papillse of the sWn. These 
glands and processes, however, exist only at certain parts, and it will be mote 
convenient to describe them as they occur. 


SECRETING GLANDS 

The secreting glands are organs whose cells produce, by the metabolism of 
their protoplasm, certain substances, called ‘ secretions,’ of a more or less definite 
composition ; the material for the secretion being primarily selected from the 
blood. Each cell in the organism forms new products from the material supplied 
to it. Where these now substances arc utilised in some of the other functions of 
the organism they may be referred to as secretions in ciontradistinction to substances 
which are merely effete products of protoplasmic activity and are discarded as 
excretions. The term accretion, however, is generally applied to all the products 
of glandular activity. The essential parts therefore of a secreting gland are 

(1) cells, which have the power of extracting from the blood certain matters, 
and in most cases of converting these into new chemical compounds; and 

(2) blood-vessels, by which the blood is brought into close relationship with these 
cells. The general arrangement in all secreting structures—that is to say, not 
only in secreting glands, but also in secreting membranes—^is that the cells are 
arranged on one surface of an extra-vascular basement membrane, which supports 
them, while a minute plexus of capillary vessels ramifies on the other surface 
of the meSabrane. The cells then select from the blood certain constituents which 
pass through the membrane into them, and these they prepare and elaborate. 

By the various modifications of this secreting surface the different glands are 
formed. This is generally effected by an invagination of the membrane in different 
ways, the object being to increase the extent of secreting surface within a given 
bulk. 

In the simplest form a single invagination takes place, constituting a simple 
gland; this may be either in the form of an open tube (fig. 92, a), or the walls 
of the tube may be dilated so as to fomi a saccule (fig. 92, b). These are named 
simple tubular or saccular glands. Or, instead of a short tube, the invagination 
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may be lengthened to a considerable extent, and then coiled up to occupy less 
space. This constitutes the simple convoluted tubular gland, an example of which 
may be seen in the sweat-glands of the skin (fig. 92, C). ^ 

If, instead of a single invagination, secondary invaginations take place from 
the primary one (fig. 92, D and e), the gland is termed a compound one. 
These secondary invaginations may assume either a saccular or tubular form, and 
so constitute the two subdivisions—the compound saccular or racemose gland, and 
the compound tubular. The racemose gland in its simpifest form consiste of a 
primary invagination which forms a sort of duct, at the extremity of which are 
found a number of secondary invaginations, called saccules or alveoli, as in Brunner’s 
glands (fig. 92, d). But, again, in other instances, the duct, instead of being simple, 
may divide into branches, and these again into other branches, and so on ; each 
ultimate ramification terminating in a dilated cluster of saccules, and thus the 
secreting surface may be almost indefinitely extended, as in the salivary glands 


Fio. 92.—Diagrammatic plan of the varietieS of secreting glands. 
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A. Simple gland. B. Sacculated aimple gland. 0. Simple convdlated tubular gland. D, E. Bacemoee gland. 

E. Compound tabular gland. 

(fig. 92, e). The ducts of the glands are composed of columnar epithelial cells 
resting on a basement membrane, outside which is a greater or lesser amount of 
connective tissue, depending on the size of the duct. In some cases small bundles 
of involuntary muscle fibres are found external to the basement membrane, and 
these by their contractions help to expel the contained secretion. In the^compownd 
tubular glands the division of the primary duct takes place in the same way as in 
the racemose glands, but the branches retain their tubular form, and do not termi¬ 
nate in saccular recesses, but become greatly lengthened out (fig. 92, p). The best 
example of this form of gland is to be found in the kidney. All these varieties 
of glands are produced by a more or less complicated invagination of a secreting 
membrane, and they are all identical in structure : that is to say, the saccules 
or tubes, as the case may be, are lined with cells, generally spheroidal or columnar 
in shape, and on their outer surfaces are intimate plexuses of capillary vessels. The 
secretion, whatever it may be, is eliminated by the cells from the blood, and is 
poured into the saccule or tube, and so finds its way out through the primary 
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invagination on to the free surface of the secreting membrane. In addition, 
however,, to these glands, which are formed by an invagination of the secreting 
membrane, there are some few others which are formed by a protrusion of the 
same structure, as in thfe vascular fringes of synovial membranes. This form of 
secreting structure is not nearly so frequently met with. 

There are also certain glands which are capable of internal secretion, wherein 
are no ducts leading to any free surface, the secretion being carried either 
directly into the bloods-stream, or indirectly through the medium of lymphatics. 
Such are the thyroid and suprarenal glands, but modern researches have shown 
that many glands which possess obvious external secretions elaborate at the same 
time internal secretions. 



EMBEYOLOGY 


T he term Embryology, in its widest sense, is applied to the various changes 
which take place during the growth of an animal from the egg to the adult 
condition: it is, however, usually restricted to the phenomena which occur 
before birth. It may be studied from two aspects : (1) that of ontogem, which, 
deals only with the development of the individual; and (2) thalTbip^lo^eny, 
which concerns itself with the evolutionary history of the animal kingdom. 

In all vertebrate animals the development of a new being can only take place 
when a female germ-cell or omm has been fertUised by a male germ-cell or sperma¬ 
tozoon. The ovum is a nucleated cell, and all the complicated changes by which 
the various tissues and organs of the body are formed from it, after it has been 
fertilised, are the result of two general processes, viz. segmentation and differentiation 


Fio. 93.—Ovum of rabbit. Highly magnified. (After Waldeyer.) 



ovum undergoes repeated segmentation into a 
number of cells which at first closely resemble one another, but are,'sooner or 

If vf'-m = (1) ceUa, the function of which is 

if (2) germinal cells, which become 

imbedded in the sexual glands—the ovaries in the female and the testes in the male 
and a,re destined for the perpetuation of the species. 

to the main pimpose of this work, it is impossible, in the space 
“ 1 .^ 1 ® ^ desenbe fully, or illustrate adequately, all the 

C the different stages of the development of the human 

The pnnoipal facts only will be given—the student being referred for 
uer details to one or other of the text-books on human embryology. 
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THE OVUM 

The ova are develoj)^ from the primitive serm-celk which are imbedded in 
the substance of the ovaries. Each oi these cells gives rise, by repeated divisions, 
to a number of smaller cells termed oogania from which the ova or primary oocytes 
are developed. 

Human ova are extremely minute, measuring about ‘2 mm. or i l-g of an inch in 
diameter, and are enclosed within the egg-sacs or Graafian follicles of the ovaries.* 
By the enlargement and subsequent rupture of a Graafian follicle at the surface 
of the ovary an ovum is liberated and conveyed by the Fallopian tube or oviduct 


Fio. 94.—Human ovum examined fresh in the liquor folliouli. (Waldeyer.) 



' I 


The zona pellnclda ia seen as a ttiick clear girdle soiroanded by tlio cells o{ the corona radiatu. The (%g itself 
shows a central granular deutoplasmic urea and a peripheral clear layer, and encloses the germinal Teslcle, in which is 
seen the germinal spot. 

to the cavity of the uterus. Unless it be fertilised by a spermatozoon it undergoes 
no further aevclopment and is discharged from the uterus, but if fertilisation take 
place it is retained within the uterus and is developed into a new being. 

In appearance and structure the ovum (figs. 93,94) differs little from an ordinary 
cell, but distinctive names have been applied to its several parts; thus, the body 
of the cell is known as the vitellus or yolk, the nucleus as the germinal vesicle, and 
the nucleolus as the germinal spot. The ovum is enclosed within a thick, trans¬ 
parent envelope, the zona pellucida or zona striata, adhering to the outer surface 
of which are several layers of cells, derived from those of the Graafian follicle and 
collectively constituting the corona radiata. 

* See description of the ovary on a future page. 
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The vitelluB or yolk Mpi^B (1) the eytoplasm of the ordinary animal cell 
with its reticulum and cyto^ph, the cytoplasm of the ovum being frequently 
termed the formative yolk, in order to distinguish it from (2) the nutritive yolk 
or deutoplasm, wUch consists of numerous rounded granules of fatty and albu¬ 
minoid substances imbedded in the cjdioplasm. In the maifamalian ovum the 
nutritive yolk is extremely small in amount,' and is of service in nourishing the 
embryo in the early stages of its development only, whereas in the egg of the bird 
there is sufficient to supply the cMck with nutriment throughout the whole period 
of incubation. The nutritive yolk not only varies in amount, but in its mode of 
distribution within the egg : thus, in sotne animals it is nearly uniformly distri¬ 
buted throughout the cytoplasm; in others it is centrally placed and is surrounded 
by the cytoplasm ; in still others it is accumulated at the lower pole of the ovum, 
while the cytoplasm occupies the upper pole. An attraction sph^e with its centro- 
sonte is present in the ova of the lower animals, ancTis probably represented in'the 
ova of mammals by 'fWs body is not visible during all the 

stages of the development of the ovum, and is ‘ most readily seen before the space 
appears in the Graafian follicle. Then the body in question lies in the immediate 
neighbourhood of the nueleus. It consists of a lighter central sphere enclosing 
one or two smaller spheres, and surrounded by a more darkly staining protoplasm.’ * 

The germinal vesicle or nucleus is a large spherical body which at first occupies 
a nearly central position, but becomes eccentric as the growrth of the ovum proceeds. 
Its structure is that of an ordinary cell-nucleus, viz. it consists of a reticulum of 
achromatin the meshes of which are filled with nuclear sap or karyoplasm ; while 
connect(!d with, or imbedded in, the achromatic reticulum are a number of chromatin 
masses or chromosomes, which may present the appearance of a skein or may 
assume the form of rods or loops. The nucleus is enclosed by a delicate nuclear 
membrane, and contains in its interior a well-defined nucleolus or germinal spot. 

COVERINGS OF THE OVUM 

The zona pellncida or zona striata (figs. 93, 94) is secreted by the cells of the 
corona radiata, and consists of a thick, clear membrane, which, under the higher 
powers of tins microscope, is seen to be perforated by numerous fine radially arranged 
channels. These give to it a striated appearance, and may suffice for the passage 
of nutritive materials to the ovum; they may also provide an entrance for the 
spermatozoa at the time of fertilisation. In some animals (e.g. insects) the zona 
pcllucida presents one or more small perforations or micropyles, by which the 
spermatozoa are believed to enter. The zona pellucida persists for some time 
after fertilisation has occurred, and may servo for protection during the earlier 
stages of segmentation. 

The corona radiata (fig. 9f) consists of two or three strata of cells; they are 
derived from the colls of the Graafian follicle, and adhere to the outer surface of 
the zona pellucida when the ovum is set free from the follicle. The cells arc radially 
arranged around the zona, those of the innermost layer being columnar in shape, 
and sending, according to some observers, delicate proce.sses from their deep ends 
into the channels of the zona. The cells of the corona radiata soon disappear; 
in some animals they secrete, or are replaced by, a layer of adhesive protein, 
which may assist in protecting and nourishing the ovum. 

The phenomena attending the discharge of the ova from the Graafian follicles 
belong more to the ordinary functions of the ovary than to the general subject 
of embryology, and are therefore described with the anatomy of the ovaries.f 

MATURATION OF THE OVUM 

Before an ovum can be fertilised it must undergo a process of maturation or 
ripening. This takes place previous to, or immediately after, its escape from the 
Graafian follicle, and consists essentially of an unequal subdivision of the ovum 
(fig. 95) first into two and then into four cells. Three of the four are small, incapable 

* Robinson, ‘Hunterian Lectures on the Mammalian Ovum and riaccnta.’ Jimrntd of 
Anutomy and Physiology, vol. xxxviii. 

t See description of the ovary on a future page. 
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of further development, and are termed polar bodies, while the fourth is much larger, 
and constitutes the mcUure ovum. The process of maturation has not been observed 


Fiq. 95.—(Formation of TOlar bodies in Asterias glacialis. 
(Slightly modiiied from Hertwig.) 

t n m 



17 V w 


In Ar. I the polar spindle (»p) has advanced to the surface of the egg. In fig. II a small elevation (p6') is formed which 
receives halt of the spindle. In flg. HI the elevation is constricted otf, forming tlie first polar body (pi'), and a 
second spindle is formed. In fig. IV is seen a second elevation wlilch in fig. V has been constrictol oS us the second 
polar body (pi')- <>* reanainder of the spindle (/.pn in fig. VJ) the female pronudens is developed. 


in the human ovum, but has been carefully studied in the ova of some of the lower 
animals, to which the following description applies. 

It was pointed out on page 6 that the number of chromosomes foimd in the 
nucleus is constant for all the cells in an animal of any given species. This applies 
. not only to the somatic 

Fio. 96.—Diagram showing the reduction in number of cells but to the primitive 
the chromosomes in the process of maturation of the ova and their descen- 
ovum. daiits. For the sake of 



illustration a. species may 
bo taken in which the 
number of nuclear chro¬ 
mosomes is four (fig. 96). 
If an ovum from such 
be observed at the begin- 


Seronilary 

obeyte 



ning of the maturation 
process it ivill be seen that 
the number of its chromo¬ 
somes is apparently re¬ 
duced to two. In reality, 
however, the number is 
doubled, since each chro¬ 
mosome consists of four 
granules grouped to form 
a tetrad. During the 
raetaphase (see page 5) 
each tetrad divides into 
two dyads, W'lxich are 



equally distributed be¬ 
tween the nuclei of the 
two cells formed by the 
first division of the ovum. 
One of the two cells 
is almost as large as 
the original ovum, and is 
named the secondary oficyte ; 
the other is small, and is 


termed the first polar body. The secondary oocyte now undergoes subdivision, during 
wMch each dyaa divides and contributes a single chromosome to the nucleus of each 
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of the two resulting cells. This second division is also unequal, producing a large 
cell which constitutes the mature ovum, and a small cell, the second p<mr body. 
The first polar body frequently divides while the second is being formed, and as 
a final result four cells are produced, viz. the mature ovUin and three polar bodies, 
each of which contains two chromosomes, i.e. one half the number present in the 
nuclei of the somatic cells of members of the same species. , The nucleus of the 
mature ovum is termed the/mate pronucleus. The number of polar bodies varies 
in the ova of different animals ; typically throe are formed, but in some animals 
there is only one, in others there are two—the last condition being probably 
explained by the fact that the first polar body has not undergone submvision by 
the time the second is separated from the ovum. 


THE SPERMATOZOON 

The spermatozoa or male germ-cells are developed within the tubuli seminiferi 
of the testes. They are present in enormous numbfers in the seminal fluid, and 
consist of small but greatly modified cells. The human spermatozoon possesses 
a head, a neck, a connecting piece or body, and a tail (fig. 97). 


Fia. 97.—Human^spermatozoon. (Diagrammatic.) 



The head is oval or elliptical, but flattened, so that when viewed in profile 
It IS pear-shaped. Its anterior two-thirds are covered by a layer of modified proto- 
p asm, wmch is named thchead-cap. This, in some animals (e.g. the salamander), is 
prolonged into a barbed spearlike process or perforator, which probably facilitates 
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tlie entraad^ of the BPetzaatozoon into the ovtiin. von’ Barddeben and E. Nelson 
.have described spearake perforators as present in the human spermatozoa, 
but other observers deny their presence. Waldeyer inclines to the view that in 
man the perforator oonsi&ts of the anterior sharp margin of the head-cap, and acts 
as a catting rather than a boring apparatus. The posterior part of the head 
exhibits an affinity for certain reagents, and presents a transversely striated 
appearance, being crossed by three or four dark bands. In some animals a central 
rodliko filament extends forwards for about two-thirds of the length of the head, 
while in others a rounded body is seen near its centre. The head contains a mass 
of chromatin, and is generally regarded as the nucleus of the cell surrounded by a 
thin envelope. 

The neCK is less constricted in the human spermatozoon than in those of some 
of the lower animals. The ant&rior cerUrosome, represented by two or three rounded 
particles, is situated at the junction of the head and neck, and behind it is a band 
of homogeneous substance. 

The connecting piece or body is rodlike, and is limited behind by a ring or 
terminal disc. The posterior Sentrosome is placed at the junction of the body and 
neck and, like the anterior, consists of two or three rounded particles. From this 
centrosorae an axial Jilament, surrounded by a sheath, runs backwards thi-ough 
the body and tail. In the body the sheath of the axial filament is encircled by a 


Fio. 98.—Scheme showing analo^es in the process of maturation of the ovum and 
the development of the spermatids (young spermatozoa). 


Primary oOeyte 



Primary spermatocyte 



O Secondary 

spermatocytes 




Spermatids 



spiral thread, around which is an envelope of finely granular substance termed 
the mitochondrial sheath. 

The tail is of great length, and consists of the axial thread or filament, sur¬ 
rounded by its sheath wliich may contain a spiral thread or may present a striated 
appearance. Further, in some animals there is attached to the connecting piece 
and tail a thin undulatory membrane, along the free edge of which there is a 
marginal filament. The terminal portion of the tail is named the end-piece, and 
consists of the axial filament only. 

By Adrtue of their tails, which act as propellers, the spermatozoa, in the fresh 
condition, are capable of free movement, and if placed in favourable surroundings 
(e.g. in the female passages) may retain their vitality for several days. 

The spermatozoa are developed from the primitive germ-cells which have become 
imbedded in the testes, and the stages of their development are very similar to those 
of the maturation of the ovum. The primary germ-ceUs undergo division and produce 
a number of cells termed spermatogonia, and from these the primary spermatocytes 
are derived. Each primary spermatocyte divides into two secondary spermatocytes, 
and each secondary spermatocyte into two spermatids or young spermatozoa; 
from this it will be seen that a primary spermatocyte gives rise to four spermatozoa. 
On comparing this process with that of the maturation of the ovum (fig. 98) it will be 
observed that the primary spermatocyte gives rise to two cells, the secondary 
spermatocytes, and the primary oocyte to two cells, the secondary oocyte and the 
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first polar body. A^ g ain, ~f.h«-two secondiary spermatocytes by their subdivision 
give origin to touir spermatozoa, s^d the seoonaaiy ooojbe and first polar body to 
four oelb, the mature ovum and 'tliree polar ‘bodies. In the development of the 
spermatozoa, as in the maturation of the ovum, there is*a redaction of the nuclear 
chromosomes to one half of those present in the primary germ cells. But here 
the similarity ends, for it must be noted that the four spermatozoa are of equal 
size, and each is capable of fertilising a mature ovum, whereas the three polar bodies 
are not only very much smaller than the mature ovum buA are incapable of further 
development, and may be regarded as abortive ova. 


FERTILISATION OF THE OVUM 

Fertilisation consists in the union of the spermatozoon with the mature oViun 
(fig. 99). This usually takes place in the upper part of the Fallopian tube, and 
the ovum is then conveyed to the cavity of the utqrus—a journey which probably 
occupies two or three days. Sometimes the fertmsed ovum is arrested in the 
F’ailopian tube and there undergoes development, giving rise to a tiibal pregnancy ; 
or it may fall into the abdominal cavity and produce an abdominal pregnancy. 
Occasionally the ovum is not expelled from the Graafian follicle when the latter 

Fio. 99.—^The process of fertilisation in the ovum of a mouse. (After Sobotta.) 





ruptures, but is fertilised within the follicle and produces what is known as an 
marmn pregimncy. Numerous spermatozoa may pierce the zona pellucida (e.g. 
in the rabbit as many as sixty have been seen in its interior), but only one, under 
conditional enters the vitellus and takes part in the process of fertilisation. 
At the point where the spermatozoon is about to pierce the vitellus the latter is 
drawn out into a conical elevation, termed the cone .of attraction. As soon as the 
apermatozoon has entered at this point the peripheral portion of the vitellus . is 
ransiormed 'into a membrane, the vUMine metmrane, which prevents the passage of 
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additi^al spennatozoa. Occasionally a second speimatozoon may enter the 
' vitellus, thus giving rise to a condition d£ polyspermy : when this occurs the ovum 
usually develops in an abnormal manner and gives rise to a monstrosity. 
Having pierced the idtelfus, the spermatozoon loses its tail, while its head and 
connecting piece assunje the form of a nucleus containing a cluster of chromo¬ 
somes. This constitutes the male pronuchtts, and associated with it there are a 
centrosome and attraction sphere. The male pronucleus passes more deeply into 
the vitellus, and coincident with this the granules of the cytoplasm surrounding 
it become radially arranged. The male and female pronuclei migrate towards 
each other, and, meeting near the centre of the vitellus, fuse to form a new nucleus, 

' the segmerfiation nucleus, which therefore contains both male and female nuclear 
substance; the former transmits the individualities of the male ancestors, the 
latter those of the female ancestors, to the future embryo. By the union of the 
male and female pronuclei the number of chromosomes is restored to that which- 
is present in the nuclei of the somatic colls. 


SEGMENTATION OF THE FEETILISED OVUM 


After it has been fertilised the ovum undergoes repeated subdivision into a 
number of small cells (figs. 100, 101). The segmentation nucleus exhibits the usual 
mitotic changes, and these are succeeded by a division of the ovuraHnto two cells 
of nearly equal^size.* The process is repeated again and again, sojthat ;thc*two 


Fro. 100.—First stages of segmentation of a mammalian ovum : somi-diagrammatio. 
(From a drawing by Allen Thomson.) 



z.p. /ona pcihicida. p»gl, Polar bodies, a. IVo-cclPstage. d. Pour^ccll stage, c. Bigbt-odUjstage. 

d, f. Morula* stage. 


cells are succeeded by four, eight, sixteen, thirty-two, and so on, with the result 
that a mass of cells is found witliin the zona pellucida (which itself takes no share in 
the process, but ultimately disappears), and to tliis mass the term morula is applied. 

* In the mammalian ova the nutritive yolk or deutoplasm is small in amount and uniformly 
distributed throughout the cytoplasm; such ova undergo ooviplete division during the 
procMiss of segmentation, and are tlierefore termed halohlagtio. In tlic ova of birds, reptiles, and 
fishes where the nutritive yolk forms l)y far tlie larger ]K)rtion of the egg the cleavage is 
limited to the formative yolk, and is therefore only pa/rtltA ; such ova are termed nieroilastio. 
Again, it has been observed, in some of the lower animals, that the pronuclei do not fuse but 
merely lie in apjjosition. At the commencement of the segmentation process the chromosomes 
of the two pronuclei group themselves around the equator of the nuclear spindle and then 
divide; an equal number of male and female chromosomes travel to the opposite poles of the 
spindle, and thus the male and female pronuclei sub.scribe equal shares of chromatin to the 
nuclei of the two cells which result from the suMivision of the fertilised ovum. 


Six3MEI!31PA®pSf: bS* OVtTM 8S 

The segmentation of mammalian ovum may not take place in the regular 
sequence of two, four, eight, &c., since one of the two first-formed cells may sub¬ 
divide more rapidly than the o^er, giving rise to a tjiree- or a five-cell stage. 

Fio. 101.—Ovum of the rabbit at the end of the process of segmentation. 


E 


€p. Primitive ectoderm, /ly. Primitive entoderm, hp, PUtfc'where ttie ectofierm has not yet grown over the cntodcrii). 

(From Balfour, after Ed. van Benedon.) 

The cells of the morula are at lirst closely aggregated inside the zona pellucida ; 
but soon they become arranged into an outer or peripheral layer, the primitive 
ectoderm or trophohlast, which does not contribute to the formation of the embryo 

Fiu. 102.—lllastodei'mic vesicle of Vespertilio mm'inus. (After van Beneden.) 


Inner cell-mass 




proper, and an from which the embryo is developed (figs. 101, b, and 

Stpid ^ cpUocts petween the trophoblast and the greater part of the inne^ 
cell-mass, and thus the^pjnila is converted into a vesicle, the Ij^tModermic vesicle, 

Fiq. 103.^—Section through embryonic area of Vespertilio murinus. (After van Bencdea) 


Inner cell-mass Trirphahlast 



The inner cell-mass remains in contact, however, with the trophohlast at one pole 
of the ovum; this is named the ^nb ryonic jpole, since it indicates the situation 
where the future embryo will be developed". TKe cells ,pf the trophohlast become 
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differentiated into two strata : an outer, termed the nr plasmodMlast, 

b1j naWca^ecluse“ft‘Toma8^ of a lajrer of protoplasm studded with nuclei, but 
showing no evidence of subdivision into cells; and an inner layer of prismatic 
epithelium, which is named the c ytoblast or layer of Langfians. As already stated, 
the cells /if the trophoblast do not contribute to the formation of the embryo 
proper; they form the ectodqpcn of the chorion and play an important part in the 
development of the placpta. Qiutbi^.,iener sprface of the inner cell-maas a layer 
of flattened cells, the enf^derm. is differentiated and quickly assumes the form of a 

• Fia. 104.—Section through embryonic area of Vespertilio murinus (after van Boneden) 
to show the formation of the amniotic cavity. 



Emhrymiic ecioderm Eniodmtn 


small sac, the yolk-sac. Spaces appear between the remaining cells of the mass 
(fig. 103), and by the enlargement and coalescence of these spaces a cavity, termed 
the primUive amniotic cavity (fig. 104), is gradually developed. This cavity persists 
in certain of the bats, and probably also in man and monkeys, to form the permanent 
amniotic cavity. The floor of this cavity is formed by a layer of prismatic cells, 
the cwb/i/oni c ectoderm, derived from the inner cell-mass and lying in apposition 
with the entoderm. The formation of the amnion will be again referred to 
(page 93). 


THE EMBRYONIC AREA 

In reptiles, birds, and mammals, onh' a part of the ovum is utilised in the 
development of the embrj^o proper, the remainder being used up in the formation 
of membranes and other appendages which are concerned with its protection and 
nutrition; the ovum therefore may be divided into embryonic and extra-eirAryonic 
areas (figs. 105, 106). If the ovum, at this stage, be viewed from the surface it will 
be seen to exhibit a centrally placed, circular, opaque area surrounded by a more 
transparent portion. The central opaque part is the embryonic area, and is equal 
in extent to the embryonic ectoderm already mentioned; the peripheral clearer 
portion is the extra-embr 3 unic area. The circumference of the emoryonic region 
‘ remains as a relatively slow-growing area, while the embryonic and extra- 
embryonic portions of the wall of the ovum rapidly increase in extent. Under these 
circumstances it follows that the margin of the embryonic area will soon appear 
as a ring between the upper embryonic and the lower or extra-embryonic parts of 
the ovum, both of wliich have expanded beyond it in all directions ’ (Robinson).* 
The circumference of the embryonic area corresponds with the future umbilicus. 

The primitive streak; tormation of the mesoderm. —The embryonic area 
becomes oval and then pear-shaped, the wider end being directed forwards. At 
the narrov.', posterior end an opaque, crescent-shaped patch makes its appearance, 
and gradually extends forwards as a da.rk streak, the primitive streak, along the middle 
line of the area for about one-half of its length (figs.^OSPlbS). A shallow groove, 
the primitive groove, appears on the surface of the streak, and the anterior end of 
this groove'coinThunicates by means of an aperture, the blastopore, with the primi¬ 
tive alimentary canal. The primitive streak is produced by a thickening of the 
axial part of the ectoderm, the cells of which multiply, grow downwa^, and 
blend with those of the subj acent entoderm (fig. 107). From the sides of the primitive 

• • The Early Stages of the Development of the Pericardium,’by Professor Arthur Bobinson, 
Jovmal of Anatomy and Physiology, vol. xxxvii. 
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streak a third layer of cells, the mesoderm or mesoblast, extends outwards between 
the ectoderm and entoderm. Although the mesoderm is mai^yiieiived from 
the primitive streak, possibly the entoderm also contriljutes to it. 

The extension of the mesoderm takes place throughout the whole of the 
embryonic and extra-embryonic areas of the ovum, except in certain regiops. One 
of these is seen immediately in front of the neural tube. Here the mesoderm extends 
forwards in the form of two crescentic masses, whicfi cu^e inwards and meet in 


Fio. 105.—Embryo of a Pto. 106.—Embryonic area of the ovum of 

rabbit. (After Kolliker.) rabbit at the seventh day. (From Kolliker.) 



arff. Embryonic area. pr. 'Primitive 
streak. 

the middle line so as to 
enclose behind them an 
area which is devoid of 
mesoderm and is named 
the bueco-pharyngeal area, 
since it afterwards forms 
the septum between the 
primitive mouth and primi¬ 
tive pharynx. In front of 
tbebucco-pharyngeal area, 
where the lateral crescents 
of mesoderm have fused in 



0 ( 1 . Ktnbryoluc area, o, o. llc^oii of tlio blastodermic vesicle 
imme&ately siuToandiug the embryonic (area. pr. Primitive 
streak, ri. Neural groove between the neural folds. 


the middle line, the peri¬ 
cardium is afterwards developed, and this region is therefore designated the 
pericardial area. A second region where the mesoderm is absent, at least [for 
a time, is that immediately in front of the pericardial area. This is termed the 
pro-amniotic area, and is the region where the pro-amnion is developed ; in man 
however, a pro-amnion is apparently never formed. Other regions are : a band on 
the ventral aspect of the neural tube in the site of the future vertebral column, 
and an area at the hinder end of the embryo in the position of the cloaca. 


Fia. 107.—Section across primitive streak (somi-diagrammatio). 



The blastoderm now consists of three layers, named from without inwards, 
ectoderm, mesoderm and entoderm.. Each has distinctive characteristics and 
gives rise to certain tissues of the body. 

The ectoderm consists of columnar cells, which are, however, somewhat 
flattened or cubical towards the margin of the embryonic area. It forms the whole 
of the nenroue .system, f^he epidsxg^ of theslpn, the linin g cells of th e sebaceoua.. 
sweated T pamma Ty glands, the and naiig, the epithuuuxugf the nose and 
aojacSt air-simmes, and that of the cheeks and roof of the mp.uth. From it also 
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are derived the enamal of the teeth, and the ant eri o r lobe of the .pituitary body, 
the epithelium of me cornea, coninnctiva, and lac&^onal glands, and the neuro- 
epithelium of the sense (p'gans. 

The entoderm consists at first of flattened cells, which subsequently become 
columnar. It forms the epithelial lining of the whole of the alimentary canal 
excepting part of the mouth and pharynx and the terminal part of the rectum 
(which are lined by involutions of the ectoderm), the lining cells of all the glands 

Fig. 108.—A series of transverse sections through an embryo of the dog. (After Bonnet.) 

Section 1. is the most anterior. In V. the neural plate is spread out nearly flat. 

The series shows the uprising of the neural folds to form the neural canal. 
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n, aortan; r, ii)i<jnnediato ceU-maw; ret, ectoderm ; mt, entodcrni; /i, rudimentis i>f endothelial heart-iubfs. 

In ill., JV., and V. the scattered cells rc|»rc8t*ntecl between Uie entoderm and Hplanchnio layer of mesoderm arc Ihe 
vaao'fornmtive cells which ^dve ori^oTi in frojii. accordini? to Jiunnet, to ilio hoartrtuhf« A; /.p., lateral jdate stUl 
undividcMl in L, 11. » and IIJ. : in l\'. and V. split into somatic (imi) and Kplanchuic (sp) layers of mesoderm; 
mea, mesoderm; p, itoricardinm; ao, primitive KC'pmcnt. 


which open into the alimentary canal, including those of the liver and pancreas, 
the epithelium of the Eustachian tube and tympanic cavity, of the trachea, bronchi, 
and air-cells of the lungs, of the urinary bladder and part of the urethra, and that 
which lines the follicles of the thyroid and thymus glands. 

The mesoderm consists of loosely arranged branched cells surmuiided by a 
considerable amount of intercellular fluid. From it the remaining tissues of the 
body are developed. The epithelial lining of the heart and blood-vessels is, how¬ 
ever, regarded by some as being of entodcrmal origin. 


THE NEURAL GROOVE AND TUBE 

In Iront of the primitive streak two longitudinal ridges, caused by a looping 
or folding of the ectoderm, make their appearance, one on either side of the 
middle line (fig. lOfi). These are named the neural or meduKary/oW* ; they commence 
some distance behind the anterior end of the embryonic area, where they are 
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continuous with each other,, and from there gradually e^end backwards, one on 
either side of the primitive streak. Between these folds is seen a mesial, longitu¬ 
dinal groove, the neural groove (figs. 108, 109), which gjadually deepens as the 
medulkry folds become elevated. iTltimately the folds meet and coalesce in the 
middle line, converting the neural groove into a closed tube, the neural tube or 
canal (fig. Ill), the surrounding ectodermal wall of which forms the rudiment 
of the ner\’ 0 U 8 system. By the coalescence of the medullary folds over the anterior 
end of the primitive strciik, * 

the blastopore no longer Fio. 109.—Human embryo—length 2 mm. Dorsal view, 
opens on the surface but with the amnion laid open, x 30. (After Graf Spec ; 
into the closed canal of reconstruction.) 
the neural tube, and thus 
a transitory communica¬ 
tion, the ncurenleric canal, 
is established between the 
neural tube and the primi¬ 
tive alimentary canal. The 
coalescence of the medul¬ 
lary folds occurs first in 
the region of the hind¬ 
brain, and from there ex¬ 
tends forwards and back¬ 
wards ; the hinder part of 
the neural groove presents 
for a time a rhomboidal 
shape, find to this ex¬ 
panded portion the tenn 
sinus rhomboidalis has been 
applied (fig. 110). Before 
the neural groove is closed 
to form the neural tube a 
lidge of ectodermal cells 
appears along the promi¬ 
nent margin of each medul¬ 
lary fold; this is termed the 
neural crest or ganglion 
/idge (fig. l.^O), and fnmi it the spinal and cranial nerve ganglia and the ganglia 
of the sympathetic nervous system are developed. 

The cephalic end of the neural groove exhibits several dilatations, which, wbem 
the tube is closed, assmne the form of three vesicles ; these constitute the three 
[irimary cerebral vesicles, and correspond respectively to the future/ore-6mw, mid- 
brain, and hind-brain (fig. 110). Their walls are developed into the nervous tissue 
and neuroglia of the brain, while their cavities become modified to form its 
ventricles. The remainder of the tube forms the central canal of the spinal cord, 
wliilst from its ectodermal wall the nervous and neuroglial elements of the spinal 
cord are developed. 

THE NOTOCHORD 

The notochord (fig. Ill) consists of a rod of cells situated on the ventral 
aspect of the neural tube; it constitutes the foundation of the axial 
skeleton, since around it the segments of the vertebral column are formed. Its 
appearance syncbroniscs with that of the neural tube. On the ventral aspect 
of the neural groove an axial thickening of the entoderm takes place; this thick¬ 
ening assumes the appeai’ance of a furrow—the chordal furrow —the margins of 
which come into contact, and so convert it into a solid rod of cells—the notochord 
—which is then separated from tlie entoderm. It extends throughout the entire 
length of the future vertebral column, and reaches as far as the anterior end of 
the mid-brain. Its cephalic extremity lies immediately behind the pituitary 
invagination of the stomatodseura, where it ends in a hook-like extremity in the 
region of the future dorsum selbs of the sphenoid bone. It lies at first between 
the neural tube and the entoderm of the primitive alimentary canal, but soon 
becomes separated from them by the mesoderm, which grows inwards and 




90 EMBRYOLOGY 

suiroutids it. From this surrounding mesoderm the vertebral column, the basi- 
occipital and basi-sphenoidal portions of the skull and the membranes of the brain 
and spinal cord are developed. 


FORMATION OF THE BODY CAVITY OR C(ELOM 

As the mesoderm develops between the ectoderm and entoderm it is separated 
into lateral halves by the neural tube and notochord. A longitudinal groove^ 
appears on the dorsal surface of cither half and dfvides it into an inner column, the 

Fig. I10.--Chiok embryo of thirty-three hours’ incubation, viewed from the dorsal 
aspect. X 30. (From Duval’s ‘ Atlas d’Embryologie.’) 
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paraxial mesoderm, lying on the side of the neural tube, and an outer portion, the 
lateral mesoderm, wdiich is not confined to the embryonic area but extends beyond 
itinto the extra-embryonic region. The mesoderm Iwg in the floor of the groove 
wnnects the paraxial with the lateral mesoderm and is known as the intermediatt 
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FORMATION OF THE BODY CAVITY OR COSLOM 

Jl-maes ; in it the genito-urihary organs are developed. The lateral mesoderm 
pits into two layers, an outer or s<matic, which becomes applied to the inner 
Surface of the ectoderm, and with it forms the S(mat<yp\^re ; and an inner or 


Fig. 111.—Section across the dorsal part of a chick embryo of 
forty-five hoars’ incubation. (Balfour.) 



splatichnic, which adheres to the entoderm, and with it forms the splanchnopleure 
(lig. 111). The space betweeu the two layers of the lateral incflodenn is tenned 
the body cavity or codom. A portion of this space is enclosed within the embryo and 
is named the etnbryotiic ccelom it forms the rudiment of the pleural, pericardial,, 
and peritoneal cavities, while the portion 

left outside the embryo, the extra- Yia. 112.—Dorsum of human embryo, 
embryonic coelom, envelops the yolk-sac. 2'11 mm. in length. (After Eternod.) 
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THE PRIMITIVE SEGMENTS OR 
PROTOVERTEBRAL SOMITES 

Towards the end of the second week 
the paraxial mesoderm becomes seg¬ 
mented and converted into a series of 
well-defined, more or less cubical areas, 
the primitive segments or protovcrtebral 
somites (figs. IK). 11], and 112), which 
-extend from the occipital region of the 
head along the entire length of the trunk 
on either side of the middle line. 

They lie immediately under the 
ectoderm on the lateral aspect of the 
neural tube and notochord, and are con¬ 
nected to the lateral mesoderm by the 
irUenri'ediate. cell-mass. The cells of each 
somite encircle a central cavity—the 
myocoel —which, however, soon becomes 
filled with angular and spindle-shaped 
cells. The somites of the trunk may be 
arranged in the following groups, viz.: 
cervical 8, thoracic 12, lumbar 6, sacral 5, 
and coccygeal from 6 to 8. Those of 
the occipital region of the head arc usually 

described as being four in number. In mammals primitive segments can only 
be recognised in the occipital region of the head, but a study of Ihe lower 
vertebrates leads to the belief that they are present also in the anterior part of the 
head, and that altogether nine segments are represented in the cephalic region. 



Nenral folds 
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DELIMITATION OF THE EMBRYO 

As has been pointed out, the margin of the embryonic area is of relatively 
slow OTowth, and thus it comes to form a ring of constriction between the embryo 
and the yolk-sac, and a part of the latter is enclosed within the embryo to form 
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tho primitive alimentary canal (fig. 114). ’At the same time a part of the coelom 
is enclosed within the embryo and forms the rudiment of the pleural, pericardial, 
and peritoneal cavities. Although the embryo grows in all directions, it 
increases much more rapidly in length than m width, and its cephalic and 
caudal extremities are bent downwards to form the cephalic and caudal folds 
respectively (figs. 198 and 199). The pro-aimiiotic area, lying immediately in 
front of the pericardial area (see page 87), forms the anterior hmit of the 
slow-growing embryofiic margin. The forward growth of the head therefore 
carries with it the posterior end of the pericardial area so that this area 
becomes inverted; its posterior border becomes anterior and its dorsal surface 
ventral. When the cephalic and caudal flexures have been formed, the 
primitive alimentary canal presents the appearance of a nearly straight tube, 
closed at its two extremities. This tube is divided into three portions, viz. : (a) the 
fore^gut, between the pericardium and the notochord; (6) the mid-gut, opening 
directly into the yolk-sac ; and (c) the hind-gut, contained within the caudal fold 
(fig. 199). The passage between the mid-gut and the yolk-sac is at first relatively 
wide, but it is gradually narrowed and at the same time lengthened to form a 
tubular duct, the vitelline duct 


MEMBRANES AND APPENDAGES OF THE EMBRYO.* 

* 

These are concerned with the protection and nourishment of the embryo, and 
comprise (1) the yolk-sac, the amnion, the allantois, the chorion, and the umbilical 
cord, which are of embryonic origin; (2) the decidua, which is produced by a 
modification of the mucous membrane of the uterus ; and (3) the placenta, which 
is derived partly from embryonic and partly from maternal tissues. 


Fig. 113.—Model of human embryo 1-3 mm. long. (After Eternod.) 
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The yolk-sac (figs. 113, 114, 115) is an appendage of the alimentary canal and, 
like that tube, it is lined by entoderm, outside of which is a layer of mesoderm. 
Situated on the ventral aspect of the embryo, it is at first comparatively large, and 
communicates with the mid-gut by means of a relatively wide opening. It is filled 
with fluid, the vilelline Jiuid, which possibly may be utilised for the nourishment 
of the embryo during the earher stages of its existence. Blood is conveyed to the 

* The term embryo is often confined to a developing ovum up to the age of four months ; 
generally, however, the terms embryo and foetus are interchangeable. 
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wall of the sac by the primitive aortse, and after circulating through a wide-meshed 
capillary plexus, termed the vascular area, is returned by the vitelline veins to the 
tubular h^rt of the embryo. Tins constitutes th e mteUine circulation, and by means 

• 

Fig. 114.—Section through the embryo which is represented in fig. 109. 

(After Graf Spec.) 
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of it nucritive material is absorbed from the yolk-sac and conveyed to the embryo. 
At the end of the fourth week the yolk-sac presents the appearance of a small 
pear-shaped vesicle opening into the alimentary canal by a long narrow tube, the 
vitdline The vesicle may be seen at birth as a small sac near the placenta, 

but the duct is soon obliterated; its 

Fig. 115.— ^Human embryo from thirty-one 
to thirty-four days. (His.) 
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proximal part, however, sometimes 
persists in the adult as a diverticulum 
from the small intestine. It is known 
as MeckeJfs diverticulum, is situated 
from two to four feet above the ileo¬ 
colic junction, and may be attached by 
a fibrous cord to the abdominal wall 
at the umbilicus. 

The amnion is a membranous sac 
which surrounds and protects the 
emhr 3 'o. It is developed in reptiles, 
bircis, and mammals, which are hence 
called ‘ Amniota ’; but not in amphibia 
and fishes, which are consequently 
tenned ‘ Anamma.’ 

In reptiles, birds, and many mam¬ 
mals it is developed in the following 
manner. At the point of constriction 
where the primitive alimentary canal 
of the embryo joins the yolk-sac— 
i.e. in the region of the future umbilicus—a reflection or folding upwards of 
the somatoplcure takes place. This, the amniotic fold (fig. 116), first makes its 
abearance at the cephalic Extremity, and subsequently at the caudal end and 
siems of the embryo, and gradually rising more and more, its different parts meet 
and fuse over the dorsal aspect of the embryo, and enclose a cavity, the amniotic 
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cavity. After the fusion of the edges of the amniotio fold, the two layers of the 
fold become completely separated, the inner forming the. omniow, the outer the 
/ofefi amnion or serosa (fig. 116). The space between the amnion and the serosa 
constitutes the extra-ombryonic coelom, already referred to, and for a time 
communicates with the embryonic coelom or primitive pleuro-peritoneal cavity. 

In the human embryo the earliest stages of the formation of the amnion have 
not been observed ; in the youngest embryo which has been studied the amnion 
was already present as a closed sac (figs. 117, 123). As indicated on page the. 
primitive amniotic cavity which appears in the inner cell massis probably retained 
in the human embryo, as in that of the bat, to form the permanent amniotic 
cavity. ‘ This cavity is roofed in by a single stratum of flattened ectodermal cells, 
the amniotic ectoderm, and its floor consists of the prismatic ectoderm of the 
embryonic disc—the continuity between the prismatic embryonic ectoderm and 
the flattened amniotic ectoderm being established at the margin of the embryonic 
area. Outside the amniotic ectoderm is a thin layer of mesoderm, which separates 
it from the chorionic ectoderm or trophoblast and is continuous with the mesoderm 
of the body-stalk and with Hihe somatic mesoderm of the embryo. Mall suggests 
that the human amnion may be formed by an inversion of the blastoderm. 

Fig. 116.—^Diagram of a transverse section, showing the mode of formation of the amnion 
in the chick. The amniotic folds have nearly united in the middle line. (From Quain’e 
‘ Anatomy,’ vol. i. pt. 1,1890.) 
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When first formed the amnion is in close contact with the body of the embryo, 
but about the fourth or fifth week fluid begins to accumulate within it. This fluid 
constitutes the liquor amnii, and, increasing in quantity, causes the amnion to 
expand and ultimately to adhere to the inner surface of the chorion, so that the 
extra-embryonic part of the coelom is obliterated. The an/nion therefore covers 
the inner surface of the chorion and the foetal aspect of the placenta. The liquor 
amnii increases in quantity up to the sixth or seventh month of pregnancy, after 
which it diminishes somewhat in amount. It allows of the free movements of the 
foetus during the later stages of pregnancy, and also protects it by diminishing 
the rislj of injury from without. It contains less than two per cent, of solids, 
which consist of urea and other extractives, inorganic salts, a small amount of 
protein, and frequently a trace of sugar. That part of the liquor amnii is 
swallowed by the foetus is proved by the fact that epidermal debris and hairs 
have been found among the contents of the foetal alimentary canal. 

The allantois (figs. 114, 119,120).—The allantois arises as a diverticulum from 
that part of the bind-gut which later forms the cloaca: it grows’ out into the 
body-stalk, a mass of mesoderm which lies below and around the toil end of the 
embryo. Tie diverticulum is lined by entoderm and covered by mesoderm, and 
in the latter are carried the allantoic or umbilical vessels. 
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In reptiles birds, many mammals tbe aUantois becomes expanded into a 
vesicle (fig. 199) which projects into the extra-embryonic coelom, i.e. into the 
apace l^lween the amnion and the serosa. If its further development be traced 
in the bird, it is seen to project to the right side of the ambryo, and, gradually 
expanding, it spreads over its dorsal surface as a flattened sac between the amnion 
and the serosa, and, extending in all directions, ultimately surrounds the yolk. 
Its outer wall becomes applied to, and fuses with, the sgrosa, which lies immediately 
inside the shell membrane. Blood is carried to the allantoiQ sac by the two allan¬ 
toic dt umbilical arteries, which are continuous with the primitive aortse, and, 
after circulating through the allantoic capillaries, is returned to the primitive 
heart by the two umbilical veins. In this way the allantoic circulation, which 
is of the utmost importance in connection with the respiration and nutrition of 
the chick, is established. Oxygen is taken from, and carbonic acid is given up 
to the atmosphere through the egg-shell, while nutritiveInatorials are at the same 
time absorbed by the blood from the yolk. 

In man and other primates the nature of the allantois is entirely different from 
that just described. Here it exists merely as a narfow, tubular diverticulum of 
tbe hind-gut, and never assumes the form of a vesicle outside the embryo. With 
the formation of the amnion the embiyo is, m most animals, entirely separated 
from the chorion, and is only again united to it when the allantoic mesoderm 

f jlds over and becomes applied to its inner surface The human embryo, on 
* Aher hand, as was pointed out by His, is never vrhoUy seppated from the 
chorion, its tail end being from the first connected with the chorion by means of 


Fiu. 117.—Diagram showing eailiest 
observed stage of human ovum. 



Fio. 118.—Diagram illustrating early 
formation of allantois and differen¬ 
tiation of body-stalk. 



a thick band of mesoderm, named the Irndy-slalh (Baachsliel) (figs. 118 and 119); 
into this stalk the tube ol the allantois extends (fig. 113). Moieover, in the 
human embryo the allantoic diverticulum is seen before the hind-gut is formed, 
and appears as a tubular protrusion from the yolk-sac (fig. 114). The body- 
stalk is at first attached to the hind-end of the embryo, but with the giowth 
of the tail and the formation of the caudal flexure it assumes a ventral position, 
and the tubular allantois is then seen to open from the cloacal part of the hi rid-gut. 

The nmbihcal orifice divides the allantois into two portions—an intra-abdominal 
and an extra-abdominal?* The latter persists till birth in a rudimentary condition ; 
the proximal part of the intra-abdominal portion takes part in the formation of 
the cloaca. After the subdivision of the cloacal part of the hind-gut into 
bladder and rectum has taken place the distal part ol the jntra-abdominal portion 
of the allantois becomes obliterated and forms a fibrous cord, the wrachus, which 
reaches from the summit of the bladder to the umbilicus. 

The umbilical cord and body-stalk (figs, 119, 120, 121).—The rudiment of the 
umbilical cord is represented by the tissue which separates the rapidly growing 
embryo from the extra-embryonic area of the ovum, included in this tissue are the 
body-stalk and the vitelline duct—the former containing the allantoic diverticulum 
and the umbilical vessels, the latter forming the commumcation between the 
alimentary canal and the yolk-sac. The body-stalk is the posterior segment of the 
embryonic area, and is attached to the chorion. It consists of a plate of mesoderm 
covered by thickened ectoderm on which a trace of the neural groove can be 
seen, indicating its continuity with the embryo. Running through its mesoderm 
are the two umbilical arteries and the two umbilical veins, together with the canal 
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oi tibe i^lantois—the last being lined by entodeijtnal epithelium!' Its dorsal surface 
is covered by the amnion, while its ventral surface is bounded by the extra- 
embryonic coelom, and is in contact with the vitelline duct and yolk-sac. With 
the rapid elongation of the embryo and the formation of the tail fold, the body-stalk 


Fig. 119.—^Diagram showing later stage of 
allantoic development witl]^ commencing 
constriction of the yolk sac. 
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Fig. 120.—Diagram showing the ex¬ 
pansion of amnion and delimitation 
of the umbilicns. 
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comes to lie on the ventral surface of the embryo, where its mesoderm blends 
with that of the yolk-sac and the vitelline duct. The lateral leaves of somatopleure 
then ^ow round on each side, and, meeting on the ventral aspect of the allantois, 
enclose the vitelline duct and vessels, together with a part of the embryonic 

Fig. 121.—Diagram illustrating a later stage in the development of the umbilical cord. 
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ccelom ; the latter is ultimately obliterated. The cord, therefore, is not covered 
by the amnion, but by a layer of ectoderm which is continuous with that of the 
amnion at the placental end of the cord, around which the amnion is attacl^. 
The various constituents of the cord are enveloped by embryonic gelatiiwm» 
tissue (jelly of Wharton). The vitelline vessels and duct, together with the nght 
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timbilioal vein, undergo atrophy, and disappear; and thiu the cord, at birth, 
contains a pair of umbilical arteries and one (the left) umbilical vein. 

The chorion (figs. 117 to 121).—The chorion is developed from the wall of 
the blastodermic vesicle, and consists of two layers: an outejc fonncd by the 
primitive ectoderm or trophoblast, and an inner by the somatic mesoderm (figs, 119 
and 120). The trophoblast is made 

up of an internal layer of cubical or 122.—^Diaf^mmatio sections of the uterine 

prismatic cells, the cytoblast or layer mucous membr^e: (a) of the non-progn^t 

of Lanqham,mi{ an external layer ot pregnant utems, showi^ 

i 1 1 -1 the thickened mucous membrane and the 

nobly nucleated protoplasm devoid condition of the uterine glands, 

of cfcU boundaries, the syncytium. (Kundrat and Engelmann.) 

It undergoes rapid proliferation and 
forms numerous processes, the 
chorionic vilH, which invade and 
destroy the uterine decidua and at 
__the same time absorb from it nutri- 
*tive materials for the growth of the 
embryo. The chorionic villi are at 
first small and non-vascular, and 
ronsist of trophoblast only, but 
increase in size and ramify, 
the mesoderm, carrying 
of the umbilical vessels, 
grows into them, and in this way 
tliev are vasciilariscd. Blood is 
carried to the villi by the l»ranehes 
of the umbilical arteries, and after 
circulating through the capillaric's 
of the villi, is ivtiirued to the 
embrvo by the umbilical veins. 

Ibitil about the end ol the second 
month of pregnancy llic villi cover 
the emtire chorion and are almost 
uniform in size (fig. 119), but after 
this they develop unecjually. The 
greater part ol the chorion is in 
coutiict with tin* clecidua capsiilaris 
(fig. 121), and over this portion 
tlic villi, with their contained 
vessels, undergo atrophy, so that 
bv the fourth month scarcely a 
trac-e of them is Iclt, and hence this 
part of the chorion becomes smootli, 
and is named the chorion hvw ; as 
it takes no share in the formation 
ol the placenta, it is also named 
the non-placental part of the 
chorion. On the other hand, the 
villi on that part of the c'horion 
which is in contact with the decidua 
placentalis increase greatly in size 
and complexity, and hence this part 
is named the chorion frondosum. 

.Since it foms the foetal portion ot 
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the placenta, it is appropriately named the placental part of the chorion, and its 
villi, the placental villi (fig, 124). 

The decidua. —Changes take place in the mucous membrane of the uterus in, 
order to render it fit tor the reception of the fertilised ovum. It becomes cxingcsted 
and thickened, its connective tissue cells aje increbsed in number, and its glands 
are expanded ; this altered mucous membrane is termed the decidm. When the 
fertilised ovum enters the uterus it becomes imbeddc.d in the decidua, which then 
undergoes the following changes: its thickness and its vascularity are greatly 
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orifices, while their deeper portions are tortuous-and dilated into irregular spaces. 
The interglandular tissue is also increased in quantity, and is crowded with large 
round, oval, or polygonal cells, termed decidual cells. These changes are well 
advanced by the second *month of pregnancy, when the mucous membrane consists 
of the following strata (fig. 122): (1) stratum compadum, next the free surface; 
in this the uterine glands are only slightly expanded, and are lined by columnar 
cells; (2) stratum sponqiosurm, in which the gland tubes are greatly dilated and 
very tortuous, and ultimately come to be separated by only a small amount of 
interglandular tissue, while their lining cells are flattened or cubical; (3) a thin 
unaltered layer, next the uterine muscular fibres, containing the deepest parts of 
the uterine glands, which are not dilated, and are lined with columnar epithelium; 
it is from this epithelium that the epithelial lining of the uterus is regenerated 


Eio. 123.—Section through ovum imbedded in the uterine decidua. Scmi-diagrammatic. 

(After Peters.) 
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am., amniotiu cavity; ft.r., blooil clot; b.t., body-stalk ; eel., embryonic ectoderm; ejU., ontoderm; mra., incsudcrm ; 
wi.r., matoriial ressols; tr,, trophoblast; u.e,, uterine epitbollum; u.y., uterine glands; y.»., yolk-sac. 


after pregnancy. The decidua lines the whole of the body of the uterus, without, 
however, occluding the orifices of the Fallopian tubes. 

Imbedding of the ovum.—When the fertilised ovum enters the cavity of the 
uterus it adheres to the decidua, generally in the neighbourhood of the fundus 
uteri. It destroys the uterine epitlielium over the area of contact and excavates 
and siny into the decidua. It expands rapidly and imbeds itself in the decidua, 
the portion of the latter which overlaps it being named the decidua capsukiris.* 
The point at which the ovum entered is at first closed by a mushroom-shaped 
blood clot, but soon all trace of the aperture is lost and the ovum is then 
completely enveloped by the decidua (fig. 123). The portion of the decidua which 

• The decidua cap.sularis was formerly named the doeidua refiema ; this name was applied 
to it because it was supposed to be produced by the upgrowth of folds of the_ surrounding 
decidua over the ovum—these folds gradually overlapping and ultimately fusing so as to 
completely cover the ovum. 
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intervenes between the ovnm and the uterine wall is named the deoidua baaalis 
or d&ddwsLjplacaapiis : it is here that the placenta is subsequently developed. The 
part of the decidua which lines the remainder of the uterus is known as the 
decidua vcra. >• - * 

The trophoblast of the ovum proliferates rapidly and forms numerous branching 
villous processes which cover the entire surface of the ovum and invade and destroy 
the surrounding decidua. They embrace and erode the uterine capillaries so that 
blood spaces containing maternal blood ate formed around the villi and in the 
trophoWast. These spaces become greatly distended and constitute the maternal 
blood sinuses or intervillous spaces. The villi are at first non-vascular and consist 
of trophoblast only; processes of mesoderm, however, soon invade them and carry 
into them branches of the umbilical vessels-. 

Coincidently with the growth of the embryo, the decidua capsularis is thinned 
and extended (fig. 124). Its vascular supply is di.minished, and it undergoes 
degeneration,- and at the same time the non-placental villi atrophy and disappear. 
The space between the decidua capsularis and decidu% vera is gradually obliterated, 
so that by the third month of pregnancy the two are in contact. By the fifth month 

Fio. 124.—Sectional plan of the gravid uterus in the third and fourth month. 

(Modified from Wagner.) 
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the decidua capsularis has practically disappeared, and, as a consequence, the chorion 
laeva comes directly into contact wdth the decidua vera. During the succeeding 
months of pregnancy the decidua vera also undergoes atrophy, owing to the in¬ 
creased pressure. The glands of the stratum compactum are obliterated, and 
their epithelium is lost. In the stratum spongiosum the glands arc compressed 
and present the appearance of slit-like fissures, while their epithelium undergoes 
degeneration. In the deepest or unaltered layer, however, the glandular epithehum 
retains a columnar or cubical form. 

The placenta. —The placenta connects the foetus to the uterine wa/tl, and is 
the organ by means of which the nutritive, respiratory, and excretory functions 
of the foetus are carried on. It is composed of foetal and maternal portions. 

The fadal 'portion of the placenta consists of the villi of the placental part of 
the chorion. It has already been pointed out that the chorionic villi consist at 
firstof trophoblast (ectoderm) only (fig. 125), and that they become vascularised by the 
growth into them of the mesoderm which convoys branches of the umbilical vessels 
(fig. 126). Further, it has been shown that, for a time, they cover the entire 
surface of the ovum and invade the whole of the surrounding decidua, but owing 
to the growth of the ovum and consequent extension of the decidua capsularis the 
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vessels of the latter become atrophied and the villi over the corresponding part of 
' the chorion disappear. On the other hand the placental villi, which invade the 
decidua placentalis, branch repeatedly, increase enormously in size, and constitute 
the foetal part of the plahenta (fig. 124). These greatly ramified villi are suspended 

in the maternal blood sinuses. 
Fig. 125.—^Diagram to illustrate the. first phase of and are therefore bathed in 

maternal blood, which is con¬ 
veyed to the sinuses by the 
uterine arteries and carried away 
by the uterine veins. A branch 
of an umbibcal artery enters each 
villus and ends in a capillary 
plexus from which the blood is 
drained by a tributary of the 
umbilical vein. The vessels of 
the villus are surrounded by a 
thin layer of mesodenu consist¬ 
ing of gelatinous connective 
tissue, which is covered by two 
strata of ectodermal cells derived 
from the trophoblast; the deeper 
stratum, next the mesodermic 
tissue, represents the layer of 
Laughans; the siipcrfieial, in 
contact with the maternal blood, 
the- syncytium.* 

The maternnl 'portion of the placenta is formed by the decidua placentalis 
containing the maternal blood sinuses. .4s already explained, these sinuses are 
produced partly by the erosion and opening out of the uterine vessels by the 
trophoblast and partly by the channels which make their appearance in the tropho¬ 
blast its<'lf. The destructive changes involve the greater portion of the stratum 

Fig. 12().—Diagram to illustrate the second phase of the placenta. (After Peters.) 


the placenta. (After Peters.) 
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compaefum, but the deeper part of this layer persists and is condensed to fonn what is 
known as the basal plate. Between this plate and the uterine muscular fibres are the 
stratum spongiosum and the unaltered layer; through these and the basal plate the 
uterine arteries and veins pass toand from thematemal blood sinuses. The endothelial 
lining of the uterine vessels ceases at the point where they terminate in the sinuses ; 
the sinuses themselves are lined by the syncytium of the trophoblast. Portions 

* This outer layer was regarded by some authorities as being of maternal origin, but recent 
observations have proved that it is derived from the syncytium. The whole of the structures 
of the villi, therefore, consist of embryonic tissues. 
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of the stratum compactum persist and are condensed to form a series of septs^ 
which errtend from the basd plate through the thickness of the placenta and 
subdivide it into the lobe»oi cotyledons seen on the uterine surface of the detachal 
placenta. 

The foetal and maternal blood currents traverse the placenta, the former 
passing through the blood-vessels of the placental villi and the latter through the 
maternal blood sinuses or intervillous spaces (fig. 127). The two currents do not inter¬ 
mingle, being separated from each other by the delicate walls of the villi. Never¬ 
theless, the foetal blood is able to absorb, through the thin walla of the villi, oxygen 
and nutritive materials from the maternal blood, and give up to the latter its 
waste products. The blood, so purified, is carried back to the foetus by the 
umbilical vein. It will thus be seen that the placenta not only establishes a 
mechanical connection between the mother and the foetus, but subserves for the 
latter the purposes of nutrition, respiration, and excretion. In favour of the 
view that the placenta possesses certain selective powers may be mentioned the 
fact that glucose is more plentiful in the maternal IJian in the foetal blood. It is 
interesting to note also that the proportion of iron, and of lime and potash, in the 
foitus is increased during the- last 

months of pregnancy. Further, j27,—Scheme of placental circulation, 

there is evidence that tho maternal 


leucocytes may migrate into the 
foetal blood, since leucocytes arc 
mucli more numerous in the 
blood of the umbilical vein than 
in that of the umbilical arteries. 

The placenta is usually 
attaclu'd near the fundus uteri, 
and more frequently on the 
posterior than on the anterior 
wall of the uterus. It may, how¬ 
ever, occupy a lower position 
and. in rare cases, its site is close 
to the 08 uteri internum, which 
it may occlude, thus giving rise 
to the condition known as 
'pheenta prasvia. 

Separitfim of the placenta .— 
After the child is horn, the 
placenta and membranes arc 
expelled from the uterus as the 
after-hirth. The separation of the 
placenta from the uterine wall 
takes place through the stratum 
spongiosum, and necessarily 
causes rupture of the uterine 
vessels. The orifice-s of the tom 



Uterine vein Uterine artery 


vessels are, however, closed by 

the firm contraction of the uterine muscular fibres, and thus post-partum 
hmtnovrhage is prevented. The epithelial lining of the uterus is regenerated bv 
the prohferation and extension of the epithelium which fines the persistent portions 
of the uterine glands in the unaltered layer of the decidua. 

IJc expelled placenta appears as a discoid mass which weighs about a pound, 
and has a diameter of from six to eight inches. Its average thickness is about an 
mch aim a quarter, but this diminishes rapidly towards the circumfereiJbe of the 
disc, which 18 continuous with the membranes. Its uterine surface is divided by 
a senes of fissures into lobules or cotyledons, the fissures containing the remains 
of the septa which extended between the maternal and foetal portions. Most of 
these septa,end m irregular or pointed processes; others, especiaUy those near 
tne «lge of the placenta, pass through its thickness and are attached to the 
chonoii. In the early months these septa convoy branches of the uterine arteries 
wJiich open into the maternal sinuses on the surfaces of the septa. The foetal sut- 
lace of the placenta is smooth, being closely invested by the amnion. Seen through 
the latter, the chorion presents a mottled appearance, consisting of grey, purple, 
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or yellowish areas. The umhilical cord is usually attached near the centre of the 
placenta, but may be inserted an 3 rwhere between the centre and the margin. In 
some cases it is inserted into the membranes, i.e. the ve^menious insertion. From 
the attachment of the cord the larger branches of the umbilical vessels radiate 
under the amnion, the veins being deeper and larger than the arteries. The 
remains of the vitelline duct and yolk-sac may be someti m es observed beneath 
the amnion, close to the cord, the former as an attenuated thread, the latter as a 
minute sac. 

On section, the placenta presents a soft, spongy appearance, caused by the 
greatly branched villi; surrounding them is a varying amount of maternal 
blood giving the dark red colour to the placenta. Many of the larger villi extend 
from the chorionic to the decidual surface, while others are attached to the septa 
which separate the cotyledons; but the great majority hang free in the maternal 
sinuses, like the branches of a tree. 

The further growth of the embryo will be best understood from a description 
of the principal facts relating to the development of the chief parts of which the 
body consists. 

DEVELOPMENT OF THE PARIBTES 

The Skeleton. —The skeleton is of mesodermal origin, and may be divided into 
(a) that of the trunk (axial skeleton), c(»mprising the vertebral column, skull, 
ribs, and sternum, and {h) that of the limbs (appendicular skeleton). 

The vertebral colui_n.— 

Fro. 128.—^Transverse section of a human embryo of the ^he notochord (fig. Ill) is 
third week to show the differentiation of the i>rimitive a temporary structure and 
segment. (Koilmsnn.) forms a central axis, around 

which the segments of the 
vertebral column are de¬ 
veloped.* It is derived from 
the entoderm, and consists of 
a rod of cells, which lies on 
the ventral aspect of the 
neural tube and reaches from 
the anterior end of the mid¬ 
brain to the extremity of the 
tail. On either side of it is 
a column of paraxial meso¬ 
derm which divides into a 
numbcir of more or less 
cubical segments, the primi¬ 
tive segments or protovertehral 
somUm (figs. HO, 111, 112). 
These are separated from 
one another by intersegmental 
septa and are arranged sym¬ 
metrically on either side of 
the neural tube and noto¬ 
chord : to every^ segment a 
spinal nerve is [^distributed. 
At firat each segment con¬ 
tains a central cavity, the 
myocod, hut this is soon filled 

oo, aorta m.p., moacle-plato; n.r., neural canal; tc, aclcrotome with a core of angular and 

».p., cutis-plate. spindle-shaped cells. The 

cells of the segment become 
differentiated into three groups, which form respectively the cutis-plate or 
dermatome, the muscle-plate or myotome, and the sclerotome (fig. 128). The 
eiUis-plate is placed on the outer and dorsal aspect of the myoccel, and from it 
the true skin of the corresponding segment is derived ; the muscle-plate is situated 
on the inner aspect of the myoccel and furnishes the muscles of the segment. The 

* In the amphioxus the notochord persists and forms the only representative of a skeleton 
in that animal. 
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cells ol the sclerotome are largely derived from those which form the core of the 
myocoel, and lie next the notochord. Fusion of the individual sclerotomes in an 
antero-posterior direction soon takes place, and thus a continuous strand of cells, 
the scleratogenous layer, is formed along the ventro-latei^ aspects of the neural 
tube. The cells of this layer proliferate rapidly, and extending inwards surround 
the notochord ; at the same time they grow backwards on the lateral aspects of 
the neural tube and eventually surround it, and thus the notochord and neural 
tube are enveloped by a continuous sheath of mesoderm, which is termed the 
metnbranous vertebral coltmn. In this mesoderm the original segments are s^ 
distinguishable, but each is now differentiated into two portions, an anterior, 
consisting of loosely ananged cells, and a posterior, of more condensed tissue 
(fig. 129, A and b). Between the two portions the rudiment of the intervertebral 
disc is laid down (fig. 129, c). Cells from the posterior mass grow out into the 
intervals between the myotomes (fig. 129, b and c) of the corresponding and 
succcedii^ segments to form an arch or bow, the ‘primitive vertebral how. , 
The mesial portion of this bow lies on the ventral aspect of the notochord, 
and is termed the hypochordal bar or brace. Its lateral portions extend 
both dorsally and ventrally; the dorsal extensions surround the neural tube and 
represent the future neural arch of the vertebra, while the ventral extend into 

Flu. ] 29.—Scheme showing the manner in which each vertebral centrum is developed 
from portions of two adjacent segments. 


Myotome 



the boily-wall .as the costal processes. The hinder part of the posterior mass 
joins the anterior mass of the succeeding segment to form the vertebral body. 
Each vertebral body is therefore a composite of two segments, being formed from 
the posterior portion of one segment and the anterior part of that immediately 
behind it. The neural and costal arches are derivatives of the posterior part of 
the segment in front of th« inter-segmental septum with which they arc associated. 

This stage is succeeded by that of the cartilaginous rerfehroZ column. In the 
fourth week two cartilaginous centres make their appearance on the dorsal aspect 
of the hypochordal bar, one on either side of the notochord ; these extend round 
the notochord and form the body of the cartilaginous vertebra. A second pair 
of cartilaginous foci appear in the lateral parts of the vertebral bow,,and grow 
backwards on either side of the neural tube to form the cartilaginous neural arch. 
By the eighth week the cartilaginous arch has fused with the body, and in the 
fourth month the two halves of the arch are joined on the dorsal aspect of the 
neural tube. The spinous process is developed from the junction of the two halves 
.of the neural arch. The transverse process grows out from the neural arch 
immediately behind the costal process. 

Except in the case of the first cervical vertebra, the h 3 ^ochordal bar of the 
primitive vertebral bow disappears by fusing with the intervertebral disc. In 
this vertebra, however, the entire bow persists and remains separate from the 



104 EMBRYOLOGY 

cartilaginous body. The hypochordal bat becomes developed into the anterior arch 
of the bone, while the cartilaginous body forms the odontoid process which fuses 
with the body of the second cervical vertebra. 

The portions of th'e notochord which are surrounded by the bodies of 
the vertebrae atrophy, and ultimately disappear, while the parts which lie in the 
centres of the intervertebral discs undergo enlargement, and persist throughout life 
as the central nucleus pulposus of the discs (fig. 130). 

The ribs. —The ribs are fomcd from the ventral or costal processes of the 
primitive vertebral bows, the processes extending outwards between the muscle- 
plates. In the thoracic region of the vertebral column the costal processes of the 
vertebral bows grow outwards to form a series of arches, the primUive costal arches. 
Ah already described, the transverse process grows out behind the vertebral end 
of each arch. It is at first connected to the costal process by continuous meso¬ 
derm, but tliis becomes differentiated later to form the costo-transverse 
ligaments : between the costal process and the tip of the transverse process the 
costo-transverse joint is formed by absorption. The costal process becomes 
separated from the vertebral bow by the development of the costo-central joint. 
In the cervical verteibrai the transverse process forms the posterior boundary of 
the foramen transversarium, while the costal process corresponding to the head 
and n(*ck of the rib fuses with the body of the vertebra, and fonns the antero- 

Fio. LIO.—Sagittal section through the intervertebral disc and adjacent jjarts of two 
vertebrae of an advanced sheep’s embryo. (Kollikor.) 
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lateral boundary of the foramen. The distal portions of the primitive costal arches 
remain undeveloped; (X'casionally the arch of the seventh cervical vertebra 
undergoes greater development, and by the formation of costo-vertebral joints 
is separate off as a rib. In the lumbar region th(! distal portions of the 
j)riraitive costal arches fail; the proximal portions remain undifferentiated and 
fuse with the transverse processes to form the transvefse processes of descriptive 
anatomy. Occasionally a movable rib is developed in connection with the first 
lumbar vertebra. In the sacral re.gion costal processes are developed only in connec¬ 
tion with the upper three, or it may be four, vertebrm; the processes of adjacent 
segments fuse yrith one another to form the lateral masses of the sacrum. The 
occggeal €ertehrm arc devoid of costal processes. 

The sternum. —The view generally held regarding the development of 
the sternum is that it arises as a paired structure from the ventral ends 
of the upper nine ribs which join on either side of the mitldle line to form a 
cartilaginous strip. The two strips are at first connected by membrane, but they 
become united in the middle line from before backwards, and so give rise to a 
longitudinal piece of cartilage, which represents the manubrium and gladiolus. 
The ventral eud.s of the eighth and ninth cartilages fuse to form the xiphoid 
appendix, and subsequently lose their connection with the sternum. Sometimes 
the eighth retains its original connection, and constitutes an eighth true rib 
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wliicli occurs more frequently'*^ the-riglit tkan on the left aide. This Mlateral 
condition of the primitive sternum Would serve to explain the occurrence of 
fissures or holes in the hone, as well as that rare anomdy, a completely divided 
sternum. Paterson,* on the other hand, after reviewing the literature on this 
subject, and giving the results of his own observations on the embryonic and 
adult conditions of the sternum in 

man and some of the lower animals, Pio. 131.—Sagittal section of cephalic end 
says : ‘ The weight of evidence is all of notochord. (Keibel.) 

on the side of the primary association 
of the sternum with the shoulder girdle 
and its secondary connection with the 
ribs.’ There is reason to believe that 
the upper part of the manubrium 
stemi represents the precoracoid 
element of the shoulder girdhi. 

The skull.—Up to a certain stag(^ 
the development of the skull corre¬ 
sponds with that of the vertebral 
column ; but it is modified later in 
association with the expansion of the 
brain-vesicleS, the fonnalion of the 
organs of smell, sight, and hearing, 
and the development of the mouth 

and pharynx. NoiochoriJ — 

The notochord extends as far for- faxU 

wards in the base of the future skull as 

the anterior end of the mid-brain, and Thn-d m-v I 

becomes partly surrounded by raeso- vrrtrhm 

derm (fig. 131). The posterior part 
of this mesodermal investment corresponds with the future basi-occiput, and 
show.s a subdivision into four segments, which are separated by the roots of 
till' hyj)oglo88al nervt!. The mesoderm then extends over the brain-vesicles, and 
thus the entire brain is emiosed by a mesodermal investment, which is termed 
the memhranous prhmrdial cranium. From the inner layer of this the bones of 




the skull and the membranes of the brain are developed ; from the outer layer 
the muscles, blood-vessels, true skin, and subcutaneous tissues of the_ scalp. 
In the shark and dog-fish this membranous cranium undergoes complete 
chondrification, and forms the cartilaginous skull or chondrocranium of these 
animals. In mammals, on the other hand, the process of chondrification is limited 
to the base of the skull—the roof and sides being covered in by membrane. Thus 

* The Human Sternum, by A. Melville Paterson, li>04. 
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the bones of the base of the skull are preceded by cartilage, those of the roof and 
sides by membrane. The wsterior part of the base of the ^ull is developed around 
the notochord, and exhibits a segmented condition analogous to that of the 
vertebral column, whilff the anterior part arises in front of the notochord and shows 
no regular segmentation. 'The base of the skull may therefore be divided into 
(a) a chordal or .vertdyral, and (h) a prechordal or prevertebral portion. 

In the lower vertebrates two pairs of cartilages are developed: viz. a pair 
of parachordal^ cartilages, one on either side of the notooho^j; and a pair of 
prechordal cartilages, the traheculw crnnii, in front of the notochord (fig, 132). The 


Fxa. 133.—^Model of the cliondrocranium of a human embryo, 8 cm, long. 
(From Hertwig’s ‘ Handbuch der Entwickelungsldnn.’) 
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olfactory pits. Later, the trabecul® meet and fuse below the pituitary body, 
forming the floor of the pituitary fosta, and so cutting off the anterior lobe of 
the pituitary body from the stomatodeeum. The mesial part of the ethmoidal 

i flate forms the bony and cartUaginous parts of the naM septum. From the 
ateral margins of the trabeculae cranii three processes grow out on either side. 
The anterior forms the lateral mass of the ethmoid and the alar eartilages of the 
nose; the middle gives rise to the lesser wing of the sphenoid, while from the 
posterior the greater wing and external pterygoid plate of the sphenoid are 
developed (figs. 133,134). The bones of the vault are of membranous formation, 
and are termed dermal or covering hones. They are partly developed from the 
mesoderm of the primordial cranium, and partly from that which lies outside 
the entoderm of the fore-gut. They comprise the upper part of the tabular 
portion of the occipital (interparietal), the squamous-temporals and tympanic 
plates, the parietals, the frontal, the vomer, the internal pterygoid plates, and 
the bones of the face. Some of them remain distinct throughout life (e.g. parietal 
and frontal), while others join with the bones of the^ chondrocranium (e.g. inter¬ 
parietal, squamous-temporals, and internal pterygoid plates). 
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Fio. 134.—The same model as shown in fig. 133 from the left side. 
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Certain of the membrune-bonpg of the right side arc represented in yeiloa’. 


Recent observations have shown that, in mammals, the basi-cranial cartilage, 
both in the chordal and prechordal regions of the base of the skull, is developed 
as a single plate which extends from behind forwards. In man, however, its 
posterior part shows an indication of being develojied from two chondrifying 
centres which fuse rapidly in front alid below. The relation of this cartilaginous 
plate to the notochord differs in different animals. In the rat embryo it lies beneath 
the notochord (Robinson); in the sheep, pig, calf, and ferret, the cranial part 
of the notochord is enclosed within it; in man, the anterior and posterior thirds 
of the cartilage surround the notochord, but its middle third lies on the dorsal 
aspect of the notochord, which in this region is placed between the cartilage and 
the wall of the pharynx. 

The visceral arches. —In the lateral walls of the anterior part of the fore-gut a 
series of furrows or incomplete clefts appears (fig. 135). These are named the 
visceral clefts, and take ori^n as paired grooves or pouches in the sides of the fore¬ 
gut ; over each groove a corresponding indentation of the ectoderm occurs, so that 
^e.latter comes into contact with the entodermal lining of the fore-gut, and the 
two layetsiahite; along the floors of the grooves to form thin septa between the 
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fore-gut and the exterior. In gill-beapng’animals these septa disappear, and 
the grooves become complete clefts—the gill-clefto—opening from the pharynx on 
to the exterior; perforation, however, does not occur in birds or mammals. The 
clefts separate a series* of rounded bars or arches, the visceral arches, in which 
thickening of the mesoderm takes place (figs. 136, 136, 137). Tlie dorsal ends 
of these arches are attached to the sides of the head, while the ventral extremities 
ultimately meet in the middle line of the neck. In all, five arches make their 

, , appearance, but of these 

IjiG. 135.—hmbryo between eigliteen and twenty-one only thefirst four are visible 

externaUy, the fifth never 
Mid-hraiu being elevated above the 

surface. The first arch is 
named themaradiftMlor; the 
second, the hyoid; the 
third, the thyro - hyoid 
(hg. 137); while the 
others have no distinctive 
names, but are referred 
to as the fourth and fifth 
visceral arches. In each 
arch a cartilaginous bar, 
consisting of right and left 
halves, is developed, and 
with each of those there is 
one of the primitive aortic 
arches. 

The mandibular arch 
lies between the first vis¬ 
ceral cleft and the stoma- 
todaeura, and is developed 
into the lower lip and 
Boihj-nfalk mandible. Its cartilaginous 

bar is formed by w'hat are 

known as Meeker s cnrtilaycs (right and h'ft, fig. 138). The dorsal ends of these 
cartilages are connected with the periotic capsules and are ossified to form two 
of the bones of the middle ear, the malleus and incus;* the ventral ends meet each 
other in the region of the symphysis menti, and are usually regarded as undergoing 
ossification to form that portion of the mandible which contains the incisor teeth. 
The intervening part of the cartilage disappears; the portion immedi.ately adja¬ 
cent to the malleus and 

incus is replaced by fibrous Fm. 1.36.—The floor of the pharynx of a human embryo 
membrane, and constitutes . about fifteen days old. x 50. (From His.) 

the spheno - mandibular 
ligament, while from the 
connective tissue covering 
the remainder of the carti¬ 
lage the greater part of the 
mandible is ossified. The 
second or hyoid arch assists 
in forming the side and 
front of the neck. From 
its cartilage are developed 
(ho styloid process, stylo¬ 
hyoid ligament, and lesser 
cornu of the hyoid bone. 

The cartilage of the third or thyro-hyoid arch gives origin to the great 
cornu of the liyoid bone. The ventral ends of the second and third arches 
unite with those of the opposite side, and form a transverse band, from 
the cartilages of which the body of the hyoid bone is developed. The ventral 

* Some regard the incus a.s arising from the dorsal end of the hyoid bar, while Gadow 
(Phil. Tram. vol. clxxix.) inclines to the view that the malleus, incu.«, and stapes arise from a 
cartilaginous plate, the hyomandibula, which binds the proximal ends of (he mandibular and 
]>yoid bars together. 
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portions of the carSJli^eB of the fo^^jind fifth arches unite to form the thyroid 
cartilage. ' ■ * 

The first and second arches grow more rapidly than those behind them, with 
the result that the latter become, to a certain extent, telescoped within the former, 

Fro. 137. ^Profile view of the bead of a human embryo, estimated as twenty-seven 

days old. (After His.) 
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aiicl a deep depression, the sinus iirwccroicalis (fig. 140) is formed on the side of 
the neek. This sinus is bounded in front by the hyoid arch, and behind by the 
thoraeic wall; it is ultimately obliterated by the fusion of its walls. The outer psirt 


Pm. 138.—Head and neck of a human embryo eighteen weeks old. with Meckel’s 
cartilage and hyoid bar exposed. (After Kfilliker.) 



of the first cleft becomes the external auditory meatus, while the inner part of the 
same cleft forms the Eustachian tube, tympanic cavity and mastoid antrum. The 
septum between the outer and inner parts of this cleft is invaded by mesoderm, and 
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forms tlie membrana tympatii. No traces of the outer parts of the second, third, and 
fourth clefts persist. The inner part of the second cleft is subdivided into an upper 
and lower portion by the palate. The former persists as the fossa of Eosenmuller. 
or lateral recess of the'naso-pharynx; in the latter is developed the tonsil, above 
which a trace of the cleft persists as the supra-tonsillar fossa. Prom the pharyngeal 

Fig. 130.—^Under surface of the head of a human embryo about twenty-nine days old. 

(After His.) 
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aspect of the third cleft the thymus gland arises as an entodermal diverticulum on 
either side, and from the corresponding part of the fourth clefts similar diverticula 
give origin to the lateral parts of the thyroid body (see page 154). 

The face and nose (figs. 139 to 144).—The nasal cavititis are formed from 
the stomatodmum, while the outer nose is di'rived from its antoro-lateial 
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Fig. 140.—'Jlie head and neck of a human embryo thirty-two days old, seen from the 
ventral surface. The floor of the mouth and pharynx have been removed. (His.)jjj 
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boundaries. Two areas of- thickened ectoderm, the olfcustorij areas, appear imme¬ 
diately under the fore-brain in thb anterior wall of the stomatodmum, one on 
either side of the fronto-nasal proems. By the upgrowth of the surrounding 
parts these areas are converted into pits, the olfactory pUs (fig. 140). which divide 
the fronto-nasal process into a mesial and two lateral nasal 'processes (fig. 141). 
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The rounded iatend angles of the mesial nasal process constitute the globular 
processes of His (figs. 140, 141). The olfactory pits form the rudiments of the 
nasal cavities, and extend backwards between the mesial and lateral n{iBsl 
processes into the roof of the stomatodeeum. From thei/ ectodermal lining the 
olfactory epithelium and part of the olfactory bulb are derived. The gloWar 
processes are prolonged backwards as plates, termed the nasal lamince : these 
laminae are at first some distance apart., but, gradually approaching, they ulti¬ 
mately fuse, and form the nasal septum; the processes themselves meet in the 
middle line, and form the premaxillsc and the philtrum or central part of the upper 
lip (fig. 142). 

The depressed part of the fronto-nasal process between the globular processes 
forms the lower part of the nasal septum or columella ; while above this is seen 
a prominent angle, which becomes the future point, and still higher a flat area, 
the future bridge, of the nose (fig. 144). The lateral nasal processes form the 
alas of the nose. Continuous with the dorsal end of the mandibular arch, and 
growing forwards from its cephalic border, is a triangular process—the maxiUary 
proceM —the ventral extremity of which is separated from the mandibuUr arch by 
a >-shaped notch (fig. 139). The maxillary process grows forwards to form the 
outer wall and floor of the orbit, and meets with the lateral nasal process, from 


Fxa. 141.- -Under surface of the head of a ljuman embryo about thirty days old. 

(After His.) 
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which, however, it is separated for a time, by a groove—the oculo-nasal sulcus — 
■that extends from the furrow encircling the eyeball to the olfactory pit. The. 
maxillary processes ultimately fuse with the lateral nasal and globular processes, 
converting the oculo-nasal sulci into the lachrymal sacs and nasal ducts, and at 
the same time forming the lateral parts of the upper lip and the posterior boundaries 
of the anterior narcs. The maxillary process also gives rise to the lower portion 
of the lateral wall of the nasal cavity—the upper part of this wall, together with 
the roof, being developed from the ethmoid plate of the cartilaginous chondro- 
crauiura. The nasal cavity is shut off from the buccal part of the stomatocteum 
by the development of the palate, the greater part of which is formed by a pair 
of shelf-like palatal process^ which extend inwards from the maxillary processes 
(figs. 142, 143); these coalesce with each other in the middle line, and constitute the 
entire palate, except a small part in front which is formed by the premaxillary 
bones. The union of the palatal processes with the premaxillse is deficient in thc 
middle line, where an aperture remains—the naso-palatine canal. The union of 
the parts winch form the palate commences in front, the premaxillary and palatal 
processes joining in the eighth week, while the region of the future hard palate is 
completed by the ninth, and that of the soft palate by the eleventh weeJe. The 
deformity known as cleft palate results from a non-union of the palatal processes. 
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and that of hate-lip through a non-union of the inapllary. and globule proceeses 
(see page 2B5). The nasal cavity becomes divided into the two ^asal foss® by a 
vertical septum, which extends, downwards and backwards from the fronto-nasal 
process ana nasal larhin®, and unites below with the palatal processes. Int6 

142.—^Ihe roof of the mouth of a human embryo about two and a half months old, 
showing the mode of formation of the palate. (His.) 
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this ii plate of cartilage extends from the under aspect of the ethmoid plate .of 
the chondrocraiiiiun. The anterior part of this persists as the septal eartilage 
of the nose, but the posterior and upper parts are replaced by the vomer and 
mesethnioid. Oii eacli side of the nasal septum, at its lower and anterior part, 


Fra. 143.—Frontal section of nasal cavity of a human embryo, 28 mm. long, (Kollmann.) 



the ectoderm is invaginated to form a blind pouch or diverticulum, which extends 
backwards and upwards into the nasal septum. These pouches form the rudiments 
of Jacobson's organs, which open below, close to the junction of the premaxillary 
and maxillaty bones. 



TLc dxjal part of the mesoderm of the lunb bud becomes condensed and converted 
into its cartilamnOuB skeleton, and by the ossification of this the bones of the limbs 
aie formed. By the sixth week the three chief divisions of the limb are maiked 
of! by iuriows—the upper into arm, forearm, and hand , the lower into thigh, leg, 
and foot (fig 116) The hmbs are 

at fiist directed backwards neatlv 1^6.—^Embryo of about six weeks. (His.) 
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paiallel to the long axis of the 
tiunk, and each presents two 
surfaces and two borders. Of the 
surfaces, one—the future ftexor 
surface of the limb—^is directed 
ventrally, the other, the extensor 
surface, dorsally; while one 
bordei, the ‘pre-axial, hioks for¬ 
ward towards the cephahe end of 
the embryo, and the other, the 
‘post-axial, backwards towards the 
caudal end. The external con¬ 
dyle of the humerus, the radius 
and the thumb he along the pie- 
axial border in the case of the 
upper hmb, and the internal 
condyle of the femur, the tibia 
and the great too along the corre¬ 
sponding border of the lower 
hmb. The pre-axial part is 
denved from the antenor seg¬ 
ments, the post-axial from the 
postonor segments of the Umb bud, 
and this explains, to a large extent, 
the innervation of the adult hmb, the nerves of the more antenor segments being 
distributed along the pre-axial (radial or tibial), and those of the more postonor 
along the post-axiid (ulnar or fibular) border of the limb. The hmbs next undergo 
a rotation or torsion through an angle of 90° around their long axes, the rotation 
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being effected alniost entirely at the limb mrdles. ^ In the upper limb the rotation 
is outwards and forwards ; in the lower umb, inwards and backwards. In this 
manner the pre-axial (jradial) border of the fore-limb is directed outwards, while 
the pre-axial (tibia!) border of the hind-limb is directed inwards ; thus the flexor 
surface of the fore-limb is turned forwards, and that of the hind-limb backwards. 

The Joints.—The mesoderm from wUch tho different parts of the skele¬ 
ton are formed at first shows no differentiation into masses corresponding with 
the individual bones. Thus continuous cores of mesoderm form the axes of the 
limb-buds and a continuous column of mesoderm the future vertebral column. 
The first indications of the bones and joints are circumscribed condensations of 
the mesoderm; these condensed parts become chondrified and finally ossified 
to form the bones of the skeleton. The intervening non-condensed portions 
consist at first of undiff»*rentiated mesoderm, which may develop in one of 
three directions. It may bo converted into fibrous tissue as in the case of the 
skull bones, a syuarthrodial joint being the result, or it may become partly 
cartilaginous, in which caso an amphiarthrodial joint is formed. Again, it may 
become looser in texture and a cavity ultimately appear in its midst; the cells 
lining the sides of this cavity form a synovial membrane and thus a diarthrodial 
joint is developed. 

The tissue surrounding tho original mesodermal core forma fibrous sheaths 
tor the developing bones, i.e. periosteum and perichondrium, which are continued 
between tho onds of the bones over the synovial membrane as the capsules of the 
joints. These capsules are not of uniform thickness, so that in them may be 
recognised specially strengthened bands which are described as ligaments. This, 
however, is not the only method of formation of ligaments. In some cases by 
modification ot, or derivations from, the tendons surrounding the joint, additional 
ligamentous bands are provided to further strengthen the articulations. In otl er 
cases (e.g. ligamentum teres of the hip joint) a portion of muscle may be enclosed 
within the articulation and become modified to form a ligament. 

In* several of the movable joints the mesoderm which originally existed 
between the ends of the bones does not become completely absorbed—a 
portion of it persists and forms an interarticidar fibro-cartilage. These inter- 
articular fibro-cartilages may be intimately associated in their development with 
the muscles suiTouuding the joint (e.g. the semilunar cartilages of the knee-joint) 
or with cartilaginous elements, representatives of skeletal structures, which are 
vestigial in human anatomy (e.g. the fibro-cartilage of tho sterno-clavicular joint). 

The Muscles.—The voluntary muscles are developed from the myotomes of 
the primitive segments. Portions of the myotomes retain their position on the 
side of the neural tube, where they may remain distinet from each other and 
form the short muscles ot the vertebral column, or fu^e with corresponding 
portions of neighbouring myotomes to form the superficial portions of the Erector 
spinre. Other portions of the myotomes extend into the trunk wall, where again 
they may retain their segmental condition, as in the Intercostal muscles, or may 
fuse with adjacent segments to form the flat muscles of tho abdominal wall. 
Finally, portions of the myotomes wander into the limb buds and there undergo 
fusions and alterations 'in form to produce the Umb muscles. The original 
segmental character of the limb muscles is therefore soon lost, but their segmental 
nerve suppUes are retained. Some of the limb muscles expand and migrate secon¬ 
darily towards the mid-dorsal line (e.g. Trapezius and Latissimus dorsi) or towards 
the mid-ventral lino (e.g. Pectorahs major). Again, muscles may migrate in a 
ccphaUc direction (e.g. the facial muscles which are derived from the hyoid arch), 
or in a caudal direction (e.g. the Serratus magnus). In all cases the muscles carry 
with them the segmental nerves of the myotomes, from which they were origin¬ 
ally derived; two examples of this will suffice, viz. : the Diaphragm, which is , 
derived from the third and fourth, and the Serratus magnus, from the fifth, sixth, 
and seventh cervical segments as is indicated by their nerves of supply. In man 
and the higher vertebrates many of the derivatives of the myotomes degenerate 
and are converted into aponeuroses (e.g. epicranial aponeurosis, or the aponeuroses 
of the abdominal muscles), or Ugaments (e.g. great sacro-sciatic ligament and 
external lateral Ugament of tho knee). 

Tho involuntary muscles are derived from the splanchnopleure mesoderm. 

The Skin, Glands, and Soft Parts.—The epidermis and its appendages, 
connsting of the hairs, nails, sebaceous and sweat'glands, are developed from the 
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ectoderm, while the oorimn or true fikin is of mesodermal mrigin, being derived 
from the cutis-plates of the pK^itive segments. About the fifth week the 
epidermis consists of two layers of cells, the deeper one corresponding to the rete 
mucosum. The subcutaneous fat appeam about the fourth month, and the 
papillee of the true skin about the sixth. A codsiderable desquamation of 
epidermis takes place during fcetal life, and this desquamated epidermis, mixed 
with a sebaceous secretion, constitutes the verrdx caseosa, with which the skin 
is smeared during the last three months of foetal life. The nails are formed at the 
third month, and begin to project from the epidermis about the sixth. The hairs 
appear between the third and fourth months in the form of solid dqwn^owths 
of the deeper layer of the epidermis, the growing extremities of which become 
inverted by papillary projections from the corium. The central cells of the 
solid downgrowth undergo alteration to form the hair, while the peripheral 
cells are retainod to form the lining cells of the follicle. About the fifth month, 
the foetal hairs (lanugo) appear, first on the head and then on the other 
parts ; they drop off after birth, and give place to t^e permanent hairs. The 
cellular structures of the sudoriferous and sebaceous glands are formed from 
the ectoderm, while the connective tissue and blood-vessels are derived from the 
mesoderm. 

The mammary gland is also formed partly from mesoderm and paxtly from 
ectodenn—its blood-vessels and connective tissue being derived from the former, 
its cellular eleincuta from the latter. Its first nidiment is seen about the third 
month, in the form of a number of small inward projections of the ectoderm, 
which invade the mesoderm; from these, secondary tracts of cellular elements 
radiate and subsequently give rise to the glandular follicles and ducts. The 
development of the follicles, however, remains imperfect, except in the adult 
female. 

development OE the NEEVOUS system A.ND SENSE ORGANS ’ 

entire nervous syst em is of ecto dermal opgin. and its first rudiment is 
scon in the neural groove which extend8*^'ong dorsal aspect of the embryo 
(fig. 1(55). "By tbe'erevation and ultimate fusion of the metlullarv folds, the groove 
is converted into the noa«ii-tobe (fig. 111). The-anterior end of the neural tube 
becomes exmnded to form the three pjcimajy brgin-vcsicle*. which are subse¬ 
quently modified to form the ventricular cavities of the brain (except tbe fifth); 
the rem{iinder of the tube forms the central canal of the spinal cord (fig. lit). 
From its aun'ouuding wall the nervous elements and the neuroglia of the brain 
and spinal cord arc developed. 

Thft SjUJial fiord.— At first the wall of the neural tube is composed of a single 
laj^er of columnar oetoduauaT cells. Soon tfie.Jateral parts of the wall become 
thit^eneJ, wliile the dorsal and., ventral parts remain thin, and are named the 
rooj' aiid jfqor_jj|oies (figs. 147, 149). A transverse section of the tube at this stage 
presents an oval outline, while its lumen has the appearance of a slit. X fig cells 
which constitute the wall of the tube qre differentiated into two sets; viz. 
(a) spongioMasts or young neuroglia-cells, and (h) g^^jaaLcdls, which are the parents 
of the or young uerve-cclls (fig. 148). T he ^ pon g jo b lasts arc elongated 

and columnar, and extend from the hunen of the tube to its peripheral wall— 
Ihcir inner and outer ends being modified to form the inner and outer limiting 
membranes of the cord.' T he payf ^ of the spongioblasts abutting against tbe central 
canal retain their columnar character, and ulumately form the layer of cohuuiiar 
ciliated epith^om which linos this canal. Their outer parts, on the other hand, 
undfiEgo taraificatioa and huan a sponge-like network, termed the mydospongium, 
from, which the joeuroglia or susteutacular tissue of the cord is devdopOd. The 
branching of the spongioblasts is most marked near the periphe^ the cord, and 
this outer part, in consequence, assumes the appearance of a fine'reticulum. 

The g ermjnal xejfisaye large, round or oval, and first make tfieir appearance 
between the inner ends of the ueuroglia^cdla on the labial ai^ieots <»{ the central 
e%pal> They increase rapidly in number, so that by the fourth week they form 
an almost continnous layer on each side of the tube. N.o gisrminal cells are found 
1% the rqpf. ox fi ee j i p l al e s ^ the roof-plate retains, in certain regions of the brain, 
its epithelial character; dsewhere, its cells become spongioblasts. Tbe mudei 
of many of gynTiinal eelltr nrhilii*'- indicating that the cells 
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appearance. The widest part of the wwjal aeatves to subdivide the lateral w^ of 
tine neural tube into a dorsal or alar, and a ventral or basoi lamina (fig. 149), a 
bubdiviaion which ext^odfl forwards into the brain. 

The ventral na^ o^ tibe mantle layer becomes thickened, and on cross-section 
appears as a triangular patch between the marginal and ependymal layers. This 
thickening is the rudiment of the antpior horn of »ey matter, and containa.]nan 7 
neuxohlasts, the" am-i^lindem o£ which, pass out tiixou^ the marppal layer and 
form the anterior roots of the spinal nerves (figs. 147, 149). The tmckenmg of the 
mantle layer gradually extends in a dorsal direction, and forms the posterior horn 
oLgrey. matter. The axons of many of the neuroblasts iu the alar lamina pass 
forwam, and cross in the floor-plate to the opposite side of the cord ; these form 
the rudiment of the anterior white commissure of the cord. 

The anterior and lateral white columns of the spinal cord consist at first of 
the axons of the nouroblasts; they are, however, at a later stage, lately 
augmented by the p 3 Tramidal tracts which descend from the cerebral cortex. The 
fibres of the postenor nerve-roots grow inwards into the spinal cord from the cells 
of the spinal ganglia; in the spinal cord of a six months foetus they form a well- 


Pio. 149.—Transverse sections through the spinal cords of human embryos; 
A, about four and a half weeks old. b, about three months old. (His.) 
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defined oval bundle in the peripheral part of the alar lamina. With the subsequent 
development of the posterior horn of grey matter this bimdle is displaced inwards 
and forms the rudiment of the posterior column. 

By the growth of the antenor horns of grey matter, and by the increase in 
size of the anterior columns, a furrow is formed between the lateral halves of the 
cord anteriorly; this gradually deepens to form the anterior median fissure. TTic 
mode of formation of the posterior fissure is somewhat uncertain. Many believe 
that it is produced by a growing together of the walls of the posterior part of the 
central canal. Eobinson ♦ traverses this view, and pomts out that the so-called 
posterior fissure is occupied by a fibrillatcd tissue, which is probably of a spongio- 
nlastic origin, since its fibrils can be traced directly into the postenor grey 
commissure. 

Up to the fourth month of foetal life the spinal cord occupies the entire length 
of the roinal canal, and the spinal nerves pass outwards at right angles from the 
cord. F^rom this time onwards, the vertebral column grows more rapidly than the 
cord, and the latter, being fixed above through its continuity with the brain, 
gradually assumes a higher position within the canal. By the sixth month its 
lower end reaches only as far as the upper end of the sacral canal; at birth it is 


* Stvdie* tn Amtomy, Owens College, 1891 
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on a level with the third lumbar vertei>i», and in the adult it terminates at the 
lower border of the first or upper boidet of the second lumbar vertebra. A delicate 
filament, the^MJw t^miruAe, extends from its lower end as far as the coccyx. 

The Spinal lferve8.^Each spinal nerve is attached to the cord by an anterior 
or ventral and a posterior or dorsal root. 

The fibres of Ite anterior roots are formed by the axons of the neuroblasts 
which lie in the ventral part of the mantle layer; ttese axons grow out through 
the overlying marginal layer and become grouped to form the anterior nerve- 
roots (fig. 147). 

The fibres of the posterior roots are developed from the cells of the spinal 
ganglia. Before the neural groove is closed to form the neural tube a ridge of 
ectodermal cells, the ganglion ridge or neural cresl (fig. 160), appears along the 
prominent margin of each medullary lamina. When the lammee meet in the 
middle line the two ganglion ridges fuse and form a wedge-shaped area along 
the line of closure of the tube. The colls of this area proliferate rapidly 
opposite the prinutive sclents and then migrate in an outward and ventral 
direction to the sides of tee neural tube, where they form a series of oval¬ 
shaped masses, the future spinal ganglia. These ganglia are arranged sym¬ 
metrically on the two sides of the neural tube and, exc^t in the region of the 
tail, are equal in number to the primitive segments. The cells of the ganglia 

arc at first rotmd or oval in 
Fig. 150.— ^Two stages in the development of the shape, but soon assume _thc 
neural crest in the human embryo. (Lenhossek.) form of spindles the extremities 

of which gradually elongate into 
central and peripheral processes. 
The central processes grow in¬ 
wards and, becoming connected 
with th(“ neural tube, consti¬ 
tute the fibres of the posterior 
nerve-roots, while the peripheral 
processes grow outwards to 
mingle with the fibres of the 
anterior root in the spinal 
nerve. As development pro¬ 
ceeds the original bipolar form 
of the cells changes; the two 
processes become approximated 
until they ultimately arise from 
a single stem in a T-shaped 
manner. Only in the ganglia of 
the auditory nerve is the bipolar 
form retained. 

The anterior or ventral and 
the posterior or dorsal nerve- 
roots join immediately beyond the spinal ganglion to forni the spinal nerve, 
which then divides into anterior, posterior, and visceral divisions. The anterior 
and posterior divisions proceed directly to their areas of distribution without 
further association with ganglion cells. The visceral divisions are distributed to 
the thoracic, abdominal, and pelvic viscera, to reach which they pass through 
the sympathetic cord, and many of the fibres form arborisations around the 
ganglion cells of this cord. Visceral branches are not given ofi from all the spinal 
nerves; they fonn two groups, viz. : (a) thoracico-lunibar, from the first or 
second thoracic to the second or third lumbar nerves; and (6) pdvic, from the 
second and third, or third and fourth sacral nerves. 

The ganglia of the sympathetic system are generally regarded as being 
developed as offshotrts from the ganglia on the roots of the cranial and spinal 
nerves. 

The Brain. —The brain is developed frqm the anterior end of the neural tube, 
which at an early period becomes expanded into three vesicles, the primary cerebral 
vesicles (figs. 110 and 135). These are marked ofi from each other by intervening 
cunstrictions, and are named the fore-lrain, the nvid-hrain, and the hind-brain 
(fig. 164)—^the last being continuous with the spinal cord. As the result of 
unequal growth of these difierent parts three flexures are formed and the 
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embryonic brain becomes bent on its^. in a Bomewbat zigzag fashion; the two 
earliest flexures are concave ventrally^ ahcl; are associated with corresponding 
flexures of the whole head. The first fl^exure appears in the region of the mid¬ 
brain, and is named thn ^zwtqrv -Cen ^* c.toiW!e (fig. 166). By means of it the 
fore-brain is bent in a veniSal direction around the antatior end of the 
notochord and fore-gut, with the result' that the floor^of the fore-brain 
comes to lie almost parallel with that of the hind-brain (fig. 165). This 
flexure causes the mid-brain to become, for a time, the most prominent part 
of the brain, since its dorsal surface corresponds with'the convexity of the curve. 
The second bend appears at the junction of the hind-brain and spinal cord. This 
is termed the cervical. flexme (fig. 167), and increases from the third to 
the end of the fifth week, when the hind-brain forms nearly a right angle witli the 
spinal cord ; after the fifth week erection of the head takes place and the cervical 
flexure diminishes and disappears. The third bend is named the poxiin e ^exure 
(fig. 157), because it is found in the region of the future pons Varolii. It 
differs from the other two in that (a) its convexity is forwards, and (6) it does not 
affect the head. The lateral walls of the brain-tube,Hike those of the spinal cord, 
are divided by internal furrows into alar or dorsal and basal or ventral laminae. 

The hind-brain or rhombencephalon.—The cavity of the hind-brain becoiues 
the fourth ventricle. At the time when the primary cephalic flexure malfcs its 
appearance, the length of the hind-brain exceeds the combined lengths of the other 
two vesicles. Immediately behind the mid- 

brain it exhibits a marM constriction^ the isl.-Diagram to illustrate the 

-isthmus rhombencephalt (fig. 154, Isthmus), ^lar and basal larainfc of brain 

W'hich is best seen when the brain is viewed vesicles. (His.) 

from the dorsal aspect. From the isthmus 
the valve of Vicussens or superior medullary 
v('lum and the superior peduncles of the 
cerebellum are formed. It is customary to 
divide the rest of the hind-brain into two 
parts: viz. an upper, called the meten- 
cephalon, and a lower, the myelmcephahn. 

The cerebellum is developed by a thicken¬ 
ing of the roof, and the pons by a thicken¬ 
ing in the floor and lateral walls of the 
metonoephalon. The floor and lateral walls 
of the myelencephaloii are thickened to form 
the medulla oblongata; its roof remains 
thin, and, retaining to a great extent its 
epithelial nature, is expanded in a lateral 
direction. Later, by the growth and bfick- 
ward extension of the cerebellum, the roof 
is folded inwards towards the cavity of the fourth ventricle; it assists in com¬ 
pleting the dorsal wall of this cavity, and is also invaginatod to form the 
epithelial covering of its choroid plexuses. Abovc^ it is continuous with the 
inferior medullary velum ; below, with the obex and ligulse. 

The development of the medulla ohhngata resembles that of the spinal cord, 
but at the same time exhibits one or two interesting modifications. On transverse 
section the myelenccphalon at an early stage is seen to consist of two lateral walls, 
connected across the middle line by floor and roof plates, as in the cord (figs. 162 
and 153). Each lateral wall consists of an alar and a basal lamina, separated by 
an internal furrow, the remains of which are represented in the adult brain by 
the foyesB on the floor of the fourth ventricle. The contained cavity is more or 
less triangular in outline, the base being formed by the roof-plate, which is thin 
and greatly expanded transversely. Pear-shaped neuroblasts are de'^eloped in 
the alar and basal laminae, and their narrow stalks arc elongated to form the axis- 
cylinders of the nerve-fibres. Opposite the furrow or boundary between the alar 
and basal laminae a bundle of nerve-fibres attaches itself to the outer surface of 
the alar lamina. This is named the tractus solitarius (fig. 153), and is formed by 
the sensory fibres of the glosso-pharyngeal and vagus nerves. It is the homologue 
of the oval bundle seen in the cord, and, like it, is developed by an ingrowth 
of fibres from the ganglia of the neural crest. At first it is applied to the outer 
surface of the,alar lamina, but it soon becomes buried, owing to the growth over 
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it of the neigiibouxine pacts. By the ^h week the dorsal part of the alar lazmna 
bends in an outward direction along its entire length,-to form what is termed 
the rhombic Up (fiea 153, Ibd). Wiudn a few days this lip becomes applied to, 
and unites with, the oater Siuig^ 'cil the main part of the alar lamina, and so 
covers in the tractus solitariuS also the spinal root of the fifth nerve. 

'' Neuroblasts accumulate in 

the mantle layer: those in the 
basal lamina correspond with the 
cells in the anterior horn of the 
spinal cord, and, like them, give 
origin to motor nerve-fibres ; in 
the medulla they are, however, 
arranged in groups or nuclei, 
instead of forming a continuous 
column. From the alar lamina 
and its rhombic lip, neuroblasts 
migrate into the basal lamina, 
and become aggregated to form 
the olivary nuclei, while many 
send their axis-cylinders through 
the fioor-plate to the opposite 
side of the medulla, and thus 
constitute the rudiment of the 
raphe of the medulla. By 
means of this thickening of the 
ventral portion of the medulla 
the motor nuclei are buried 
deeply in the interior, and, in 
the adult, arc found close to the 
floor of the fourth ventricle. This is still further accentuated : (a) by the 
development of the anterior pyramids, which are formed about the fourth 
month by the downward growth of the motor fibres from the cerebral cortex; 
and (6) by the fibres which pass to and from the cerebellum.’ 

The pons Varolii is developed from the ventro-lateral wall of the meteucephalon 
by a process similar to that which has been described for the medulla. 

Fi( 5. 163.—Transverse section of medulla oblongata of human embryo. 

(After His.) 
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The cer^ellum is developed in the roof of the anterior part of the hind-brain 
(figs. 154, 157). The alar laminae of this region become thickened to form two lateral 
plates which soon fuse in the middle line and produce a thick lamina which roofs 
in the upper part of the cavity of the hind-brain vesicle; this constitutes fie 
rudiment of the cerebellum, the outer surface of which is at first smooth and convex. 
During the second month a pair of fissures, the fioccular fissures., appear, one on 



Fio. 162.—^Transverse section of medulla oblongata 
of human embryo, x 32. (From Kollmann’s 
‘ Entwickelungsgeschichte.’) 
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either aide, in the poateto-letewd piit d the laouna an« bewme contmuoua witt 
a third fiaaure, the post-noiular, ^rhicb ia develdped acroas the central part of the 
lamina. By this means a narrow area ia mapped off; the central part of this 
area b^mes the nodule, its lateral extremities ^e floccuH, and the intermediate 
portions the inferior meduUaiy velum. Three additional furrows are soon developed. 
One, the fiamra prma of Elliot-Smith, appears as a transverse groove on the 
anterior part of the upper surface and extends into the hemispheres ; it indicate 
the precuval fissure of the adult cerebelliun. The portion of the cerebellum in 
front of it is differentiated into the lingula, the lobus centralis, and the lobus 
culminis. The other two furrows mark off the future pyramid and are named 
the mprorpyramidal and pre-pyramidal fissures. The supfa-p^amidal is the 
fissura secunda of EUiot-Smitn, and forms the post-pyramidal fissure of the 
adult cerebellum. . ■ 

During the fourth and fifth months the following fissures appear in the 
lateral hemispheres: (1) the post-lunate, between the posterior crescentic and 
postero-superior lobes; the union of the two post-lunate fissures across the 
middle line forms the post- 

clival fissure which constitutes Fro. 154.—Exterior of brain of human embryo of 
the posterior boundary of the four nnd a half weeks. (From model by His.) 
lobus clivi ; (2) the para- 

pyramidal, which blends with 
the post-pyramidal and separates 
the lobus tuberis from the lobus 
py^midis; (3) the post-tonsillar, 
between the biventral lobe and 
the amygdala or tonsil; this 
becomes continuous with the pre- 
pyramidal, and with it forms the 
posterior limitof thclobus uvulae; 

(4) the great horizontal fissure’, 
although an important land¬ 
mark in the adult cerebellum, 
this fissure does not a^ear until 
about the end of the fifth month, 
and from a developmental point 
of view is therefore of secondary 
interest. Some observers main¬ 
tain that the folium cacuminis, 
which connects the postero- 
superior lobes across the middle 
line, is not developed until after 
birth, while others assert that 
it is present at the sixth month 
of foetal life. On the ventri¬ 
cular surface of the cerebellar 
lamina a transverse furrow, the 
incisura fastigii, appears, and 
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deepens to form the tent-like recess of the roof of the fourth ventricle. The 
rudiment of the cerebellum at first projects in a dorsal direction; but, by the 
backward growth of the cerebrum, it is folded downwards and somewhat 
flattened, and the tMn roof-plate of the fourth ventricle, originally continuous 
with the posterior border of the cerebellum, is projected inwards towards the 
cavity of the ventricle. 

The mid-brain or mesencephalon.—The mid-brain (figs. 154 to 16D exists 
for a time as a thin-walled cavity of some size, and is separated from the 
isthmus rhombencephali behind, and from the fore-brain in front, by slight 
constrictions. Its cavity becomes relatively reduced in diameter, and forms the 
Sylvian aqueduct of the adult brain. Its basal laminee increase in. thickness 
to form the crura cerebri, which are at first of small size, but rapidly 
enlarge after the fourth month. The neuroblasts of these laminss are grouped 
in relation to the sides and floor of the Sylvian aqueduct, and constitute the 
nuclei of the third and fourth nerves, and of the descending root of the fifth 
nerve. By a nimtlaT thickening process its alar laminee are developed into the 
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corpora quadrigemioa. ^ ^he dorsal part of thd wall for a time undergo(» expansion, 
and presents an interior median furrow and a corresponding surface ridge; thwe, 
however, disappear, and tiie latter is replaced by a groove. Subsequently two 
oblique furrows extend’inwatds and .b^fcwards, and the thickened lamina is thus 
subdivided into the quadrigeminiii^hP^es. 

The fore-brain.— A transverse section of the early fore-brain shows the same 
parts as are displayed in similar j^ections of the spinal cord and medulla oblongata, 
viz.a pair of tnick lateral walls connected by thin floor and roof plates. Moreover, 
each lateral wall exhibits a division into a dorsal or alar and a ventral or basal 
lamina separated internally by a furrow termed the sulms of Monro. This sulcus 
ends anteriorly at the inner extremity of the optic stalk, and in the adult brain 
is retained as a slight groove extending backwards from the foramen of Monro to 
the Sylvian aqueduct. 

At a very early period—in some animals before the closure of the cranial 
part of the neural tube— two lateral diverticula, the optic vesicles, appear, one on 

either side of the fore-braiu ; for 
F’la. 155.—^Brain of human embryo of four and a time they communicate with 
a half weeks, showing interior of fore-brain, the cavity of the fore-brain by 
(From model l»y His.) relatively wide openings. The 

peripheral parts of the vesicles 
expand while the proximal parts 
are reduced to tubular stalks, the 
optic stalks. The optic vesicle 
gives rise to the retina and the 
epithelium on the back of the 
ciliary body and iris ; the optic 
stalk is invaded by nerve-fibres 
to form the optic nerve. The 
fore-brain then groivs forwards, 
and from the alar laminsc of this 
front portion the cerebral luimi- 
spheres originate as diverticula 
which rafiidly expand to form 
two large pouches, one on either 
side. The cavities of these 
diverticula are the rudiments of 
the lateral ventricles ; they com¬ 
municate with the mesial part 
of the fore-brain cavity by re¬ 
latively wide openings, which 
ultimately form the foramen of 
Monro in the adult brain. The 
mesial portion of the wall of 
the fore-brain vesicle consists of 
a thin lamina, the lamina ter- 
minalis (figs. 165, 167), which 
stretches from the foramen of 
Monro to the recess at the base 
of th(! optic stalk. The anterior part of the fore-brain, including the rudiments 
of the cerebral hemispheres, is named the telencephalon, and its posterior portion 
is termed the diencephalon; both of these contribute to the formation of the 
tliird ventricle. 

The dicncephalon. —From the alar lamina of the diencephalon the thalamus, 
metathaiamus, and epithalamus are developed. The thalamus (figs. 167, 158) 
arises as a thickening which involves the anterior two-thirds of the alar lamina. 
The two thalami are visible, for a time, on the surface of the brain, but are 
subsequently hidden by the cerebral hemispheres which grow backwards over them. 
The thalami extend inwards and gradually narrow the cavity between them into a 
slit-like aperture which forms the greater part of the third ventricle ; their mesial 
surfaces ultimately adhere, in part, to each other, and the middle or grey commissure 
of the ventricle is developed across the point of contact. The metathalamus com¬ 
prises the geniculate bodies which originate as slight outward bulgings of the alar 
lamina. In the adult the external geniculate body appears as an emmence on the 
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outer part of the pasterior end of thalamua, while the mtemal is situated on 

the lateral aspect of the mesencephalonit 

The epithalamua includes the pineal body, the posterior commissure, and the 
trigonum habenulse. The 'pineal body arises as m ttpuj^rd evagination of the 
roof-plate immediately in front of the mid-brain; this evagination becomes solid 
with the exception of its proximal part, which persists as the recessus pinealis. 
In lizards the pineal evagination is elongated into a stalk, and its peripheral 
extremity is expanded into a vesicle, in which a rudimentary lens and retina are 
formed; the stalk becomes solid and nerve-fibres make their appearance in it, 
so that in these animals the pineal body forms a rudimentary eye. The 'posterior 
commissure is formed by the ingrowth of fibres into the depression behmd and 
below the pineal evagination, and the trigonum habenulee is developed in front 
of the pineal recess. 

From the basal laminso of the diencephalon the pars mamillaria hypothalami 
is developed; this comprises the corpora mamiDaria and the posterior part of 
the tuber cinereum. The corpora mamillaria arise as a median thickening, 
which becomes divided into two by a mesial furrow efuring the third month. 

Fio. 156.—Exterior of brain of human embryo of five weeks. 

(From model by His.) 
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The roof-plate of the diencephalon, in front of the pineal body, remains thin and 
epithehal in character, and is subsequently invaginated by the choroid plexuses 
01 the third ventricle. 

The telencephalon .—This consists of a median portion and two lateral diverticula 
median portion forms the anterior part of the cavity of 
the tlurd ventncle, and is closed below and in front by the lamina terminalis. 

irfi pouchings of the alar laminm; tl»e cavities 

represent the lateral ventricles, and then walls become thickened to form the nervous 

Mn Li hemispheres. The roof-plate of the telencephalon remains 

ronf’«W lafront with the lamina terminaUs and behind with the 

oS ? i diencephalon. In the basal laminro and floor-plate the pars 

; this comprises the anterior part of the tuber 
co^Sr?® infundibulum and posterior lobeof the pituitary body, and the optic 
narf nf ^tetiot part of the tuber cinereum is derived from the posterior 

tbp. T»i+ V ® telencephalon. The infundibulum and posterior lobe of 

tne pituitary body arise as a downward diverticulum from the floor. The most 
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dependmt part of the diverticulum becomes solid and forms the posterior lobe 
of the pituitary body; ’the anterior lobe 'of this body is developed from a 
divertioiuiim of the ectodermal lir^ng of tiie stomatodeeum (page 165). The 
optic conunissure is dhvelqn^ by the meeting and partial decussation of the 
optic nerves, which subsequenray grow backwards as the optic tracts and terminate 
in the diencephidon. 

The cerebral hemiepheres .—^As already stated, these arise as diverticula of the 
alar laminse of the telencephalon (figs. 154 to 157); they increase rapidly in 
size and ultimately overlap the parts which are developed from the mid- 
and hind-brains. This great expansion of the hemispheres is a charac¬ 
teristic feature of the brains of mammals, and attains its maximum develop¬ 
ment m the brain of man. Elliot-Smith divides each cerebral hemisphere into 
three fundamental parts, viz.: the rhinencephalon, the corpus striatum, and the 
neopallium. 

The rhinencephalon (figs. 154, 156) represents the oldest part of the 
telencephalon, and forms almost the whole of the hemisphere in fishes, 
amphibians, and reptiles. In man it is feebly developed in comparison with 

Fio. 1S7.—^Interioi’ of brain of human embryo of five weeks. 

(From model by His.) 
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the rest of the hemisphere, and comprises the following parts, viz.: the 
olfactory lobe (consisting of the olfactory tract and bulb and the trigonum 
olfactonum), the locus perforatus anticus, the septum pellucidum, the subcallosal, 
supracallosal, and dentate gyri, the fornix, the hippocampus, and the uncus, 
the last is the representative of the large pynform lobe of the lower animals. 
The olfactory lobe appears as a longitudinal ndge, with a corresponding internal 
furrow, on the under surface of the hemisphere close to the lamina terminalis. 
This ridge becomes divided by a groove mto an anterior and a posterior part. 
The anterior grows’forwards as a hollow stalk the lumen of which is continuous 
with the anterior part of the ventricular cavity. The stalk becomes solid and 
forms the rudiment of the olfactory bulb and tract; a strand of gelatinous tissue 
in the interior of the bulb indicates the position of the original cavity. From the 
posterior part the locus perforatus anticus and gyrus subcallosus are developed. 
The position and connections of the remaining portions of the rhinencephalon 
are described with the anatomy of the brain. 

The corptu striatum (figs. 155,157) appears in the fourth week as a triangular 
thickening of the wall of the telencephalon between the optic recess and the foramen 
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of Monro. It inoreaBes as a swelling in the floor 

of the future lateral ventride; this atrelliog reaches as far as the posterior end of 
the primitive hemisphere, and as a consequence when this part of the hemisphere 
grows backwards and downwards to form the tem^n^ loBe, the posterior part of 
the corpus striatum is carried into the roof of the descending horn, where it is seen 
as the tail of the caudate nucleus in the adult brain. Puring the fourth and fifth 
months the corpus stiiatum becomes incompletely subdivided by the fibres of the 
internal capsule into two masses, an inner, the caudate nucleus, and an outer, 
the lenticular nucleus. In front, the corpus striatum is continuous with the grey 
matter of the locus perforatus auticus ; externally it is confluent for a time with 
that portion of the wall of the vesicle which is developed into the island of 
Beil, but the continuity is subsequently mterrupted by the fibres of the external 
c&^sqIc 

The neopalhum forms the remaining, and by far the greater, part of the 
cerebral hemisphere. It consists, at an early stage, of a relatively large, more or 
less hemispherical cavity—^the primitive lateral ventrjcle—enclosed by a thin wall 

Fio. 168.—Median section of brain of human embryo of thicc months. 

(Fiom modd by His.) 
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from which the CTcy cortex of the hemisphere is developed. The vesicle expands 
in all directions,but more especially upwards and backwards, so that by the third 
month the hemispheres co\er the dieucephalon, by the sixth they overlap the 
nud-brain, and by the eighth the hind-brain. 

The hemispheres are separated by a deep cleft, the forerunner ol the great 
longitudinal fissure, and this cleft is occupied by a septum of mesodermal 
tissue which constitutes the primitive falx cerebri. Coincidently with the 
expansion of the vesicle, its cavity is drawn out into three prolongations which 
leprosent the horns of the future lateral ventricle ; the postenor extrenuty of 
the vesicle is carried downwards and forwards and forms the descending horn, 
the posterior horn being produced somewhat later, in association with the back¬ 
ward growth of the occipital lobe of the hemisphere. The roof-plate of the 
fore-brain remains thin and of an epithelial character, it is invaginated 
into the _ lateral veiitnclo along the mesial wall of the hemisphere. This 
invagination constitutes the choroidal fissure, and extends from the foramen of 
Monro to the posterior end of the vesicle. Mesodermal tissue, continuous with 
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that of the septum in the fUsute between tbe hemispheres, and earring blood¬ 
vessels with It, spreads between the two layers of the mvadnated fold and 
forms the rudiment of the velum interpositum , the margins of the velum become 

' h^hly vascular and form the choroidal 

Fio. 169.— Outer emtace of cerebral pleiEUses which for some months corn- 
hemisphere of human embryo of about pletcly Bll the ventncular cavities. By 
five months. the downwaid and forward growth of 

Ftmito pariffal the postenor end of the vesicle to form 

operculum temporal lobe the choroidal fissure 

I finally reaches from the foramen of Monro 

to the extremity of the descending hom 
of the ventiicle. The portion ot the 
cerebral wall immediately above the 
choroidal fissure forms uhat IS termed the 
hippocampal formation, and in the adult 
mmffi IS lepicsented bythe supia-callosulgyius, 

hippocampus, and the gyrus dentatus 
HHfl| The outer surface of the hemisphere 

^|||||||||k|U l' IS at first smooth, but later it exhibits 

a niimbei of elevations oi convolutions, 
separated from each othci by iuiiows oi 
fissuies The fissuies, most of which 
1 make their appenance during the sixth 

Itmpoial tpo I'll I lint OI seventh months ot foetal life aie 

Sijh tan foM',11 divided into (o) completi, whicli icsiilt 

1 toiiiiil open Ilium fiom foldings of the entire thickness of 

the cerebral w ill, and thus pioduce 
ooiresponding emitunces in the vintiuulai cavity, and (6) incomplete, affecting 
only the superficial pait of the will and therefoie leaving no impiossiona in 
the ventricle The complete fissures aie the hippocampal or dentate, 
the collateral and the auterioi part of the c ilcatine, and these give rise 
respectivelv to the following eminences in the ventiicle, vir the hippo 
campus maioi, the cimneiitia collateialis, and the calcii avis or hippocampus 
minor The Sylvian fissure is sometimes described as a complete fissuie but, 
stnctlv speaking, this is not comet It fust appeals as a depression, the ffi/Ivian 
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TTio. ibO —Median sec lion oi brain of human embiyo ot four months (Marchand ) 
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fossa, on the outer surface of the hemisphere (fig. 169), this fossa corresponds with 
the position of the cxirpus stnatum, and its floor is moulded to form the island 
of Red The mtimate connection which exists between the cortex of the island 
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: and the subjacent corpus strUtiiia^^re^^ ilM p«^ the hemisphere wall from 
expanding at the same rate as'the portions whicm surround it. I!he neighbouring 
parts of wie hemisphere therefore gradually grow oyer and coyer in the island, 
and constitute the temporal, fronto-parietal, nontal, and drbital opercula of the 
adult brain. By the end of the first year after birth the island is completely sub-, 
merged by the approximation of the opercula. The fissures separating we opposed 
margins of the opercula constitute the composite fissure of S^lyius. 

The commissures (fig. 160).—The development of the middle (page 122) and 
posterior (page 123) commissures has already been referred to. The great com¬ 
missures of the hemispheres, viz.: the corpus callosum, the fornix, and anterior 
commissure, arise from the lamina terminalis. About the fourth month a small 
thickening appears in this lamina, immediately in front of the foramen of Monro. 
The lower part of this thickening is soon constricted off, and fibres appear in it 
to foim the anterior commissure. The upper part continues to grow with the 
hemispheres, and is invaded by two sets of fibres. Transverse fibres, extending 
between the hemispheres, pass into its doraal part, which is now differentiated 
as the corpus callosum. Into the ventral part longitucUnal fibres from the hippo¬ 
campus pass to the lamina terminalis, and through that structure to the corpora 
mamillaria; these fibres constitute the fornix. A small portion of the original 
thickening, lying antero-infcriorly between the corpus callosum and fornix, is not 
invaded by the commissural fibres ; it remains thin, and later a cavity forms in 
its interior. The cavity is the so-called fifth ventricle, and its bounding walls the 
septum pellucidum. 

A summary of the parts derived from the brain vesicles is given in the following 
table:— 


(1. Myelciicephalon 


Hind-brain or 

rhombencephalon 


2. Metenccphalon 


3. Isthmus rliomb- 
encephali 


Mid-brain or mesencephalon . 


1. Uiencophalon 


Fore-brain 


2. Telencephalon 


I Medulla oblongata 
j Lower part of fourth 
' ventricle. 

I Pons Varolii 
^ Cerebellum 
j Upper part of fourth 
' ventricle, 
j Valve of Vieussens 
Superior peduncles of 
I cerebellum. 

Crura cerebri 
Corpora quadrigemina 
Aqueduct of Sylvius. 
Thalamus 
Metathalamus 
Epithalamus 
-|Pars manullaria hypo¬ 
thalami 

Posterior part of third 
ventricle. 

Anterior part of third 
ventricle 

Pars optica hypo¬ 
thalami 

Cerebral hemispheres 
Lateral ventricles 
Foramen of Monro. 


The Cranial Nerves. —With the exception of the olfactory and optic nerves, 
which will be specially considered, the cranial nerves are developed in a similar 
manner to the spinal nerves (see page 118). The sensory or afferent nerves are 
derived from the cells of the ganglion rudiments of the neural crest. The central 
processes of these cells grow into the brain and form the roots of the nerves, while 
the peripheral processes extend outwards and constitute their fibres of distribu¬ 
tion. It has been seen, in considering the development of the medulla oblongata 
(page 119), that the treuius solitarim (fig. 162), derived from the fibres which, 
grow inwards from the ganglion rudiments of the glosso-pharyngeal and vagus 
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u tkfl of ike oool kundfe in eord wbiok bad its origin 

in -ibe pi^riot’ ^EMiNa-ooOtB. Tbe motor ox efferent nerves arise as outmwi^ 
of tbe neoroblasts rioted in the bneal laminae of the mid- and hind-brain. 
While, however, the ahterioi spina! nervoiToots arise in one series from the basal 

lamina, theoranial motor nerves 

Fio. 161.—^Transverse seotion of medulla oblongata 
of human embryo, x 32. (EVom KoUmann’s 
‘ SlntwiokelungsgeBohiohta*) 


are grouped into two sets, 
according as they spring from 
the mesial or lateral parts of the 
basal lamina. To the former set 
belong the thiM, fourth, sixth, 
and twelfth nerves; to the 
latter, the eleventh and the 
motor fibres of the fifth, seventh, 
mnth, and tenth nerves (figs. 
161 , 162 ). 

The Nose.—The development 
of the nose has already been con¬ 
sidered (pages 110, 111). 

The olfactory nerves are de¬ 
veloped from the cells of the 
ectoderm which linos the olfac¬ 
tory pits; these cells undergo 
prohferation and give nse to 
what are termed the olJoLtory 
cells of the nose The axons of 
the olfactory cells grow into 
the overlying olfactory bulb and 
form the olfactory nerves. 

The Eye.—The development of the eyes commences by the protrusion of a 
pair of diverticula from the lateral aspects of the fore-bram. These diverticula 
are known as the op,ic vesicles , they project towards the sides of the head, and 
the peripheral part of each expands to form a hollow bulb, while the pioximal 
part remains narrow and constitutes the optic stodk (figs 163, 164) The ecto- 
deim of tbe surface of the embryo in the area oveilying the bulb becomes 
thickened, invagiiiated, and finally severed from the ect^ermal coveiing of the 

Fig 162 —Transveise section of medulla oblongata of human embi>o 
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head as a vesicle of cells, the lens vesicle, which constitutes the rudiment of the 
crystalhnc lens. The outer wall of the bulb is indented by the lens rudiment and 
invaginated until it comes into contact with the inner wall; the bulb is thus 
converted mto a cup, the optic cup, consisting of two strata of cells (fig. 164). 
These two strata are continuous with each other at the cup margin, which 
ultimately overlaps the tiont of the lens and reaches as tar forward as 




times the choroulal lissure leniaius patent, giving rise to the condition known 
as eoloboma. 

The retina is developed iroui the optic cup. The outer stratum of the 
cup persists as a single layer of cells which assume a columnar shape, acquire 
pigment, and form the pigmented layer of the retina. The cells of the inner 
stratum proliferate and form a layer of considerable thickness from which the 
neiwouB elements and the 

sustentacular fibres of the 1 ( 54 .— Transvci'se section ot hc-od ol chick embryo 

retina, together with a por- ot litty-two hours’ incubation. (From Duval’s 
lion of the vitreous body, are ‘ Allas d’Embryologie.’) 
developed. Jn that portion 
ot the cup w'hieh overlaps 
the lens the inner stratum is 
not differentiated into ner¬ 
vous elements, but forms a 
layer of columnar cells which 
IS applied to the pigmented 
layer, and these two strata 
form the pars ciharis and 
pars iridica retincs. 

The cells of tho inner or 
retinal layer of the optic cup be¬ 
come differentiated into spon¬ 
gioblasts and germinal cells, 
and the latter by their sub¬ 
divisions give rise to neuro- 
blasts. As in the spinal cord, 
thespongioblastsramify to form Optic stalk ^ 

a myelospongium, from which 

the Bustentacular fibres of Miiller, tho outer and inner limiting membranes, together 
with the ground-work of the molecular layers of tho retina are formed. The neurcmlasts 
become arranged to form the ganglionic and nuclear layers. Cameron,* after careful 
study of the neuroblasts in the retina, spinal cord, and brain, maintains that they consist 
uf nuclei only, and that they possess no cytoplasmic investment; the ‘ clear protoplasm, 
which has b^n dracribod as surrounding them during mitotic division, being merely the 

* Dcvjlopment of the Ketina in Amphibia, Journal qf Anatomy and Physiology, vol. xxxix , 
1906. 
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aohromatio nuclear eubatanoe set free o^ing to the disappearance of the nuclear mem 
brane ’ He further maintains that the nuclei of the nuclear layers undergo subsequent 
multiplication by dtre.ct division The layer of rods and cones is first developed in the 
i entral part of the optio*cup, and trom there graduaUy extends towards the cup-margm 


165. Optic cup and choroidal fissure seen fiom belou^ fiom a human embryo 
of about four weeks (Kollmann ) 



hi« JOh —Iloiizontal section tliiough tht eve of an cightcon divs 
cnibivo riblnt 30 (Kollikei ) 



The rods and cones first appear as clear globules, which, after bemg protruded through 
the inner limiting membrane, tapidly mcrease m size—process which would seem to 
depend on their power of digesting and absorbing the pigment from the (ells of the 
pigmented layer. 

The optic stalk is (sonveited into the optic nerve by the obhtcration of its 
cavitv and the growth of nerve-fibres into it Most of these fibios are centripetal, 
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and grow into the optic stalk from the nerve-cells of the retina, but a few extend 
in the opposite direction and are derived from nerve-cells in the brain. 

The crystalline lens is developed from the lens vesicle, which recedes within the 
margin of the cup, and becomes separated from the overlying ectoderm by mesoderm. 
The cells forming the posterior wall of the vesicle lengthen and are converted into 
the lens-fibres, which grow forward and fill up the cavity of the vesicle. The cells 


Fia. 167.—Sagittal section of eye of human embryo of six weeks. (Kollmann.) 
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foniiiug the anterior wall retain their cellular character, and form the epithelium 
■on the anterior surface of the adult lens. By the second month the lens is invested 
by a vascular mesodermal capsule, the tunica vasculosa lentis, the blood-vessels 
of which are chiefly derivesd from the central artery of the retina; the part of 


Fiu. 168.—Section through the head of 
a human embryo, about twelve days 
old, in the region of the bind-brain. 
(Kollmann.) 
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Fig. 169.—Section through hind-brain 
and auditory vesicles of an embryo 
more advanced than that of 
fig. 168. (After His.) - 



this capsule which covers the front of the lens is named the memhrana fufillaris. 
By the sixth month all the vessels of the capsule are atrophied except one, the 
artcria hyaloidea, which disappears during the ninth month; the position of this 
artery is indicated in the adult by the canalis hyaloideus, which reaches from the 
• K 2 
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optic diBC to the postenor surface of the lens. WlA the loss of its blood-vessels 
the tunica vasculosa Icutis disappears, but sometimes the raembrana pupillaiis 
persists at birth, gii inp rise to the condition termed congenital atresia of the jmptl. 

The vitreous body is developed between the lens and the optic cup. Pnmanly 
it consists of a senes of slendei protoplasmic processes which project from the 
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Fro 171 —Left auditory vesicle of a human embiyo of five 
Avoeks. seen fiom the outer surface (W. Hts, jun ) 
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cellsoltlii inuei lajeiof thccu]),audunitetolormddehcdteicticulaitisbue(li{i JbT; 
At first these inocebscs spnng liom the whole of the iiinei layei of the cup, but lat( i 
their ongiub .iie limited to the cihary region, where bj a, piocess of condeiisatioi i 
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Fit. 172 —Tiansveise section through head of fatal shi cjj, in the 
region of the labjnnth x .30 (Aftci Boettcher.) 
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tissue, and contributes to form the vitreous body, which is therefore denved 
partly from the ectoderm and partly from the mesodcim 

The antenor chamber of the eye appears as a cleft m the mesoderm separating 
the lens from the overlying ectoderm. The layci of mesoderm m front of the cleft 
forms the substantia propna of the cornea, that behind the cleft the stioma of 
the ms and the membrana pupillans. 
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The Bcleiotic and ch6md coats of. the oyebaU are derived from the mesoderm 

surrounding the optic cup. , ^ i 

The eyekds are formed as small cutaneous folds (fig. 166), .which at the end 
Of the third month come . together and. unite in front of ^he globe and cornea. 
This union is broken up and the eyelids separate before the end of foetal life. 


Flo. 173.—^Transverse section df the canal of the cochlea of a foetal cat. 
(After Hoettoher and Ayres.) 
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Fio. 174 ,—^Tubercles from which the dif¬ 
ferent parts of the pinna arc developed. 
(His.) 


The lachrymal sac and nasal duct result from a thickening ol the ectoderm in 
the groovfi between the lateral nasal and maxillary processes. This thickening 
becomes hollowed out into a channel, and the lips of the groove meet over 
it, and convert it into a duct, which 
(‘\’cutiially opens into the nasal fossa. 

The epithelium of the cornea and con¬ 
junctiva, and that wliich lines the ducts 
and alveoli ol the lachrymal gland, arc 
of I'Ctodermal origin, as are also tlu*. eye¬ 
lashes and the lining cells of tlie glands 
whioli open on the lid-margins. 

The Ear.—The first rudiment of tin; 
iuterndl ear appears shortly after that 
of the eye, in the form of a thickening 
of the surface ectoderm over the i'<!gion 
of the hind-brain. The thickening is 
followed by an involution of the ecto¬ 
derm to form tha audilory fit (fig. 168), 
which deepens and forms a flask-shaped 
cavity. The mouth of the flask is 
then closed, and thus a shut sac, the 
auditory vesicle, is formed (fig. 169); from 
it the epithelial lining of the labyrinth 
is formed. The vesicle becomes pear- 
shaped ; and the neck of the flask, or 
recessMS labyrinthi, prolonged upwards, 
forms the ductus endolymphaticus. 

From the vesicle certain ^vertioula are given off which form the various 
parts of the labyrinth. One from the anterior end gradually elongates, and, 
lorming a tube coiled on itself, becomes the membranous canal of the cochlea, 
the vestibular extremity of which is subsequently constricted to form the 
oanalis leuniens. Three others appear as disc-like eyaginations on the surface 
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of tte vesicle ; the central parts of the wallrf of the discs coalesce and disappear, 
while the peripheral portions persist to form the membranous semicircnlar canals, 
of which the external canal is the last to be developed (figs. 171, 172). The 
central part of the vesicle represents the membranous vestibule, and is subdivided 
by a constriction into a smaller anterior part, the saccule, and a larger 
posterior part, the utricle. This subdivision involves the proximal part of 
the ductus endoljTnphaticus, with the result that the utncle and saccule 
ultimately communicate with each other by means of a Y-shaped canal. The 


Fig. 175.—^Left oars of human embryos estimated at thirty-five and thirty-eight days 

respectively. (After His.) 
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saccule opens into the membranous canal of the cochlea through the caiialis 
reuniens and the membranous semicircular csinals communicate with the utricle. 

The fiuditory vesicle is imbedded in a mass of mesodermal tissue, which 
rapidly undergoes chondrification and ossification to form the bony labyrinth. 

The middle ear, Eustachian tube, and mastoid antrum arc developed from 
the inner part of the first branchial (hyomandibular) cleft, and arc- closed 
externally by the membrana tympani, which originally consists of a layer of 
ectoderm externally, and a layer of entoderm internally ; between these two 

layers the mesoderm extends to form the 
substantia propria of the membrane. Wilh 
regard to the exact mode of development 
of the ossicles of the middle ear there is 
some difference of opinion. The view 
I generally maintained is that the incm and 

malleus are developed from the proximal 
end of the mandibular (Meckel’s) cartilage 
(fig. 138); that the base of the stapes is 
formed by the ossification of the mesoderm 
which fills in the foramen ovale, while its 
arch is developed around a small vessel, the 
stapedial artery, which subsequently under¬ 
goes atrophy. As already stated (footnote, 
page 108), Gadow regards all three ossicles 
as being derived from the- hyomandibula. 

The external auditory meatus is formed 
from the outer part of the hyomandibular 
cleft, while the pinna is developed by 
the gradual differentiation of six tubercles 
which appear around the outer margin of the cleft. Two tubercles appear 
on the posterior edge of the mandibular arch; these represent the rudiments 
of the tragus and crus helicis. Three are found on the hyoid arch, and indicate, 
from below upwards, the lobule, antitragus, and antibelix. One arises above the 
cleft, and grows downwards behind the antitragus and antihelix; from it and its 
downward prolongation the upper and posterior parts of the helix are developed 
(figs. 174, 175,176). 


Fjo. 176.—Pinna in a more advanced 
stage of development than those 
represented in fig. I?."?. 
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DEVELOPMENT Op' THE VASCULAR SYSTEM 

There are three distinct stages in the development of the circuIatoiT system, 
each in accordance with the maimer in which nourishment is provided for at 
different periods of the existence of the individual. In the first stage there is the 
vitelline drculalion, during which nutriment is extracted from the viteUtis or contents 
of the yolk-sac. In the second stage there is the flacental cirevAation, during which 
nutriment is obtained by means of the placenta from the blood of the mother. 
In the third stage, cora- 

raencing after birth, Pio. 177.—Section through vascular area to show commencing 
there is the complete 
circulation of the adult, 
during which nutrition 
is provided for by the 
organs of the individual. 

Blood-vessels first 
make their appearance 
in the mesodermal wall 
of the yolk-sac, i.e. out¬ 
side the body of the 
embryo. Here the cells 
become arranged into 
solid strards or cords 
which join to form a closc-ineshed network. The peripheral cells of these strands 
become flattened and joined to each other by their edges to form the walls of 
the primitive blood-vessels. Fluid collects within the strands .and converts them 
into tub(!S, and the more centrally situated cells of the cell-cords are thus pushed 
to the sides of the vessels and appear as m.-isses tif loosely arranged cells which 
project towards the lumen of the tube. Tlusse masses are termed hlootl islands 
(tig. 177); their cells acquire colouring matter (haemoglobin), and aro then 
detached to form the blood-corpuscles (lig. 178).* The earliest blood-corpuscles 
are all nucleated : they are also capfible of subdivision and of executing amoeboid 
movements, and in these respects rescsmblc coIourlc,ss blood-corpuscles. Soon, 

however, true colourless 
blood - corpuscles make 
their appearance, and, 
according to Beard,t are 
first derived from the rudi¬ 
ments of the thyroid gland. 

Coiacidently with the 
development of the blood¬ 
vessels in the vascular area, 
the first rudiment of the 
heart appesirs as a pair of 
tubular vessels which are 
developed in the splanchuo- 
pleure of the pericardial 
area. These are named the 
primitive aortw, and a direct continuity is soon established between them and the 
vessels of the vascular area. Each receives anteriorly a vein—the vitelline vein— 
from the yolk-sac, and is prolonged backwards on the lateral aspect of the 
notochord under the name of the dorsal aorta. The dorsal aortac end at first on 
the yolk-sac; but with the development of the allantois they are continued 
backwards through the body-stalk as the umbilical arteries to the villi of the 
chorion. 

By the forward growth and flexure of the head the pericardial area and the 
anterior portions of the primitive aortao are folded backwards on the ventral 

_ * Some observers incline to the view that tlie endothelium of the vessels is of entodemial 
origin. The blood-corpuscles are dcvcloi:)ed from these endothelial cells, and are therefore also 
entodermal, the sequence of the development of the different structures being; first the heart, 
then the blood-vessels, and lastly the blood-corpuscles. (Consult Dr. E. Mehnert’s Jilmn chanik, 
Jena, 1898.) 

+ Anatonihcher A',iariger, December 1900. 



development of blood-vessel. (Semi-diagrammatic.) 
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aspect of the fore-gut, and the original relation of the somatopleure and splanchno- 

S leure layers of the pericardial area is reversed, the latter being placed on the 
orsal aspect of the fcyrmer. Each primitive aorta now consists of a ventral and 
a dorsal part connected anteriorly by an arch. These three parts are named 
respectively the anterior ventral aorta, the dorsal aorta, and the first cephalic 
arch. The first cephalic arches pass through the mandibular arches, and behind 
them five additional pairs subsequently develop, so that in all six pairs of aortic 
arches are formed. The vitelline veins which enter the embryo through the anterior 
wall of the umbilical orifice are now continuous with the posterior ends of the 
anterior ventral aorta?. With the formation of the tail-fold the posterior parts 
of the primitive aortas are carried forward in a ventral direction to form the 
posterior ventral aortas and primary caudal arches.* In the pericardial region the 
two primitive aortas grow together, and fuse to form a single tubular heart 
(fig. 180), the posterior end of which receives the two vitelline veins, while from 
its anterior end the two anterior ventral aortas emerge.f By the rh 5 rthmical 
contraction of4^he tubular heart the blood is forced through the aortas and blood- 

Fia. 179.—Human embryo of about fourteen days old with yolk-sac. (After Hia.) 
(From KoIImann’s ‘ Entwickelunpsgeschiohte.’) 



vessels of the vascular area, from which it is returned to the heart by the vitelline 
veins. This constitutes the vitelline circulation (fig. 179), and by means of it 
nutriment is absorbed from the vitcUus. 

The vitelline veins at first open separately into the posterior end of the tubular 
he.art, but after a time their terminal portions fuse, and the two vessels com¬ 
municate with the heart through a common orifice. The vitelline veins ultimately 
drain the blood from the alimentary canal, and are modified to form the portal 
vein. This is caused by the growth of the liver, which interrupts their direct 
continuity with the heart; and the blood returned by them circulates through 
the fiver before reaching the heart. 

With the atrophy of the yolk-sac the vitelline circulation diminishes and 
ultimately ceases, while an increasing amount of blood is carried through the 
umbilical arteries to the villi of the chorion. Subsequently, as the non-placcntal 
chorionic villi atrophy, their vessels disappear; and then the umbilical arteries 
convey the whole of their contents to the placenta, whence it is returned to 
the heart by the umbilical veins. In this manner the placental circulation is 

* Young and Robinson, Journal of Anatomy and Phy»iology, vol. xxxii. 
f In most fishes a"d in the amphibia the heart originates as a single median tube. 
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established, and by means of it nutritive materials are absorbed from, and waste 
products given up to, the maternal blood. 

The umbilical veins, like the vitelline, become interrupted by the liver, and 
the blood returned by them passes through this organ before reaching the heart. 
Ultimately the right umbilical vein shrivels up and disappears, as will be 
explained later (pages 146, 146). 


Fiq. 180.—^Diagram to illustrate the simple 
tubular condition of the heart. (Drawn. 
from^Ecker-Ziegler model.) 



Fig. 181.—Heart further advanced than 
in fig. 180. (Drawn from Eckor-Ziegler 
model.) 



During the occurrence of these changes great alterations take place in the 
primitive heart and blood-vessids, and now require description. 

Further development of the heart.—The simple tubular heart, already 
described, becomes elongated and bent on itself so as to form an S-shaped loop, 
the anterior part bending to the right and the posterior part to the left. The 
intermediate portion arches transversely from right to left, and then tunis 
sharply forward into the anterior part of the loop. Slight constrictions make 

I'Ui. 182.—Hood of chick embryo of about tliirty-eiglil hours’ incubation, viewed from 
the ventral surface. << 26. (From Duv'ul’s ‘ Atlas d’Embryologic.’) 



their appearance in the tube and divide it from behind forwards into four parts, 
viz.: (1) the sinus wnosMs ; (2) the primitive auricle; (3) the primitive ventricle; 
(4) the aortic bulb, which consists of two portions, a proximal muscular portion 
known as the bulbus cordis, and a distal portion, the primitive aortic stem (figs. 180 
to 182). The constriction between the auricle and ventricle constitutes the 
auricular canal, and indicates the site of the future auxioulo-ventricular valves. 
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The sinua venosua ia at firat aituated in the aeptum transveraum (a layer of 
mesoderm in -which the liver and the central tendon of the Diaphragm are 
developed) behind the common auricle, and ia formed by the union of the vitelline 
veins. The veins or'ducts of Ou-vier from the body of the embryo and the 
umbilical veins from the placenta subsequently open into it (fig. 185). The sinus 
is at first placed transversely, and opens by a median aperture into the common 
auricle. Soon, however, it assumes an oblique position, and becomes crescentic in 

Fio. 183.—Heart of human embryo of abojjt fifteen days. (Reconstruction by His.) 



form ; its right half or horn increases more rapidly than the left, while the 
opening into the auricle now communicates with the right portion of the auri¬ 
cular cavity. The right horn ultimately becomes incorporated with and forms 
a part of the right auricle, the line of union between it and the auricle 
proper being indicated in the interior of the adult auricle by a vertical crest, 
the crista terminalis of Ilis. The left horn, which ultimately receives only the left 
duct of Cuvier, persists as the coronary sinus (fig. 192). The -vitelline ami 
umbilical veins are soon replaced by a single vessel, the inferior vena cava, and 


Fro. 184.—Heart allowing expansion of auricles. 
(Drawn from Ecker-Zeigler model.) 



the three veins (inferior vena cava and right and left Cuvierian ducts) open into 
the dorsal aspect of the auricle by a common slit-like aperture (fig. 189). The 
upper part of this aperture represents the opening of the permanent superior 
vena cava, the lower that of the inferior vena cava, and the intermediate 
part the orifice of the coronary sinus. The sUt-like aperture lies obliquely, and 
is guarded by two valves, the rigM and lejl venous valves, which, unite with each 
other above the opening and are continuous with a fold named the septum 
spurium. The left venous valve practically disappears, while the right is 
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subsequently divided to form the Eustacliian and Thebesian valves. At the 
lower extremity of the slit is a triangular thickening, the sjdm vestibuU of 
His, which partly closes the aperture between the two auricles, and, according to 
His, takes a part in the formation of both the interauricuJhr and interventricular 
septa. 

The auricular canal is at first a short straight tube connecting the auricular 
with the ventricular portion of the heart, but its growth is relatively slow, and it 

Fio. 185.—Heart of human embryo, 4’2 mm. long, se.cn from behind. (His.) 
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becomes overlapped by the auricles and ventricles so that its position on the 
surface of the heart is indicated only by an annular constriction (fig. 184). Its 
lumen is reduced to a transverse slit, and two thickenings appear, one on its dorsal 
and another on its ventral wall. These thickenings, or endocardial (Mshions 
(fig. 189) as they are termed, project into the canal, and, meeting in the middle 
line, unite to form the septum intermedium which divides the canal into two 
channels, the future right and left auriculo-ventricular orifices. 


Fuj. 18U.—Diagriiras to show the development of Ihe septum of (he aortic 
bulb and of the ventricles. (Born.) 
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The primitive auricular cavity becomes subdivided into right and left auricles 
by an incomplete septum, the septum primum (fig. 189), which grows down¬ 
wards into the auricular cavity. For a time the two auricles communicate with 
each other by an opening, the ostium primum of Born, below the free margin of 
the septum. This opening is, however, closed by the union of the septum primum 
with the septum intermedium, and the communication between the auricles 
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is le-establislied through an opening which is developed in the upper part 
of the septum primum; this opening is known as the foramen ovale (oshum 
secundum of Bom) and persists until birth. A second septum, the septum 
secundum, semilunar in shape, grows downwards from the upper wall of the 
auricle to the right of the primary septum and foramen ovaJe. Shortly after 
birth it fuses with the primary septum, and by this means the foramen ovale 
is closed, but sometinaes the fusion is incomplete and the upper part of the 
foramen rema in s patent. The annulus ovalis denotes the free margin of the 
septum secundum. 


Fio. 187.—Diagrams to illustrate the transformation of the bulbus cordis. (Keith.) 
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The primitive ventricle becomes divided by a septum, the septum inj'cnus or 
ventricular septum (figs. ]8fi, 189), which grows upwards from the lower part of the 
ventricle, its position being indicated on the surface of the heart by a furrow. 
Its dorsal part grows more rapidly than its ventral portion, and fuses with the 
dorsal part of the septum intermcdiiun. For a time an interventricular 
foramen exists above its ventral portion, but this foramen is ultimately closed 
by the fusion of the aortic septum wnth the ventricular septum. 

As already stated, the aortic bulb consists of a proximal muscular portion, 
the bulbus cordis, and a distal portion, the primitive aortic stem. When the heart 


Fig. 188 .—Tiansvcrsc sections through the aortic bulb to show the growth of the aortic 
septum. The lowest section is on the left, the highest on the right of the ligm’e. (After 
His.) 
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assumes its S-shaped form the bulbus cordis lies ventral to and in front of the primi¬ 
tive ventricle. The adjacent walls of the bulbus cordis and ventricle apjproximate, 
fuse, and finally disappear, and the bulbus cordis now communicates freely with 
the right ventricle, while the junction of the bulbus with the primitive aortic stem 
is brought directly ventral to and applied to the auricular canal. By the upgrowth 
of the ventricular septum the bulbus cordis is in great measure separated from 
the left ventricle, but remains an integral part of the right ventricle, of which it 
forms the infundibulum (fig. 187). 

The primitive aortic stem is divided by the aortic septum (tig. 186). This 
makes its appearance as two ridge-like thickenings which project into the lumen 
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of the tube; these increase in size, and ultimately meet and fuse to form the 
septum, and thus the primitive aortic stem is divided into the pulmonary artery 
and the aorta. The aortic septum takes a spiral course towards the proximal end 
of the stem, so that the two vessels lie side by side aboVe, but near the heart 
the pulmonaiy artery is in front of the aorta (fig. 188). The septum grows down 
into the ventricle as an oblique partition, which ultimately blonds with the 
ventricular septum in such a way as to bring the bulbus cordis into communication 
with the pulmonary artery, and through the latter with the sixth pair of aortic 
arches ; while the left ventricle is brought into continuity with the aorta, which 
communicates with the remaining aortic arches. 

The valves of the heart .—The auriculo-ventricular valves arc developed in 
relation to the auricular canal. By the upward tixpansion of the bases of the 
ventricles the canal becomes invaginated into the ventricular cavities. The 
iiivaginatcd mfirgin forms the rudiments of the lateral cusps of the auriculo-ven¬ 
tricular valves ; the mesial or septal cusps of the valves are developed as downward 
prolongations of the septum intermedium. The aortic and pulmonary valves are 

l<'io. 180. —Interior of dorsal half of heart fi im a human embryo 10 mm. long. (His.)' 

Sephun spuriinii 
I OpriiiHf/ of sinus VKuosiis 


Jlii/hl venopa 

I'tiJr)' 

SpuiK rrsiUuli 

I'oatrrwr endarardial 
cushion 

Auricular a 


Septum in/erius 

formed from four endocardial thickenings—an anterior, a posterior, and two 
lateral—which appear at the proximal end of the primitive aortic stem. As the 
aortic septum grows^ downwards it divides each of the lateral thickenings into two, 
thus giving rise to six thickenings—the rudiments of the semilunar valves—three 
at the aortic and three at the pulmonary orifice. 

Further Development of the Arteries.—It has been seen (sage 136) that each 
primitive aorta consists of a ventral and a dorsal part wmmi are continuous 
through the first aortic arch. The dorsal aortsc at first run backwards separately 
on either side of the notochord, but about the third week they fuse from about 
the level of the fourth thoracic to that of the fourth lumbar segment to form 
a single trunk, the descending aorta. The first aortic arches pass through the 
rnandibular arches, and behind them five additional pairs are developed within 
the visceral arches; so that, in all, six pairs of aortic arches are formed 
•ik i second arches pass between the ventral and dorsal aortse, 

while the others arise at first by a common trunk from the aortic bulb, but 
terminate separately in the dorsal aortae. As the neck elongates, the ventral 
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aortse are drawn out, and the third and fourth arches arise directly from these 
vessels. 

In fishes these arches persist and give off branches to the gills, in which the 
blood is oxygenated. In mammals some of them remain as permanent structures, 
while others disappear or become obliterated (fig. 191), 

The anterior ventral aortce, —These persist on both sides. The right forms (a) the 
innominate artery, (b) the right common and external carotid arteries. The left 
gives rise to (a) the short portion of the aortic arch, which reaches from the origin 
of the innominate artery to that of the left common carotid artery ; (b) the left 
common and external carotid trunks. 

The aortic arches. —The first and second disappear; the third constitutes the 
commencement of the internal carotid artery, and is therefore named the carotid 


Fig. 190.—^Profile view of a human embryo estimated at twenty or twenty-one days old. 

(After His.) 
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arch. The fourth rkht arch forms the right subclavian as far as the ongin of its 
internal mamraarv branch; while the fourth left arch constitutes the arch of c 
aorta between the origin of the left carotid artery md. the terimprion of the ductus 
arteriosus. The fifth arch disappears on both sides. The sixth right arch dis¬ 
appears; the sixth left arch gives ofi the pulmonary arteries and forms the 
ductus arteriosus; this duct remains pervious during the whole of total Ute, 
but a few days after birth becomes ooliterated. His found that in the early 
embryo the right and left arches each gives a branch to the lungs, but that later 
both pulmonary arteries take origin from the left arch. , • . 

The dorsal aortce. —In front of the third aortic arches the dorsal aortm persist 
and form the forward continuation of the internal carotid artenes. Behind the 
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third arch the right dorsal aorta disappears as far as the point where the two 
dorsal aortse fuse to form the descending aorta. The part of the left dorsal aorta 
which intervenes between the third and fourth arches disappears, while the 
remainder persists to form the descending part of the 4rch of the aorta. A 
constriction, the aortic isthmus, is sometimes seen in the aorta between the; 
origin of the left subclavian and the attachment of the ductus arteriosus. 

Sometimes the right subclavian artery arises from the aortic arch beyond the 
origin of the left subclavian and passes upwards and to the right behind the trachea 
and oesophagus. This condition may be explained by the persistence of the right 
dorsal aorta and the obliteration of the fourth right arch. 

In birds the fourth right arch forms the arch of the aorta; in reptiles the 
fourth arch on both sides persists and gives rise to the double aortic arch in these 
animals. 

The heart originally hes on the ventral aspect of the pharynx, immediately 
Ivehind the stomatodajum. With the elongation of the neck and development 
of the lungs it recedes within the thorax, and, as a consequence, the anterior 

Fio. 191.—Scheme of tlie aortic arches and their destination. 

(Modified from Kollmann.) 
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ventral aortso are drawn out and the original position of the fourth and fifth arches 
is greatly modified. Thus, on the right side the fourth recedes to the root of the 
neck, wlule on the left side it is withdrawn within the thorax. The recurrent 
laryngeal nerves originally pass to their distribution under the sixth pair of arches, 
and are therefore pulled backwards with the descent of these structures, 
so that in the adult the left hooks round the ductus arteriosus; ow ing to the 
disappearance of the fifth and the sixth right arches tl^c right nerve hookn round 
that immediately above them, i.e. the commencement of the subclavian artery. 
A series of se^ental arteries arises from the primitive dorsal aortas, those in the 
neck alternating with the cervical segments of the spine. The seventh segmental 
artery which between the sixth and seventh cervical segments is of special 
interest, since it forms the lower part of the vertebral artery and, when the 
forelimb bud appears, sends a branch to it (i.e. the subclavian artery); the upper 
part of the vertebral artery is formed by an inter-segmental anastomosis between 
the higher segmental arteries. Prom the seventh segmental arteries the entire 
left subclavian and the greater part of the right 8ubcla.vian are formed. 
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i , Tlv e BubclavSau ^elimb i^der tbe names of the axillary 

"li^iM^ibchial artem^^tuiil tbese together constitute the arterial stem for the 
'•upper arm. ‘The dwect continuation of this stem in the forearm fornxR the 
anterior interosseous artery; while the radial and ulnar vessels, which ultimately 
exceed this artery in size, are in reality lateral branches of the main stem. 

The formation of the primary caudal arclies has already been referred to 
(page 13f)), and the fusion of the dorsal aortse to form the greater part of the 
systemic aorta has been pointed out (page 1.36). The middle sacral artery., 
of the adult was formerly regarded as the direct continuation of the adult aorta, 
but Young and Robinson (op. ciL) raaiiitain that it ‘ is a secondary branch, 
probably representing fused segmental arteries.’ They have also pointed out 
that while the dorsal and ventral extremities of the primary caudal arches remain, 
their middle portions ‘ disappear and are replaced by “ secondary ” caudal arches 


192.—Hitman embryo with heait and anterior body wall removed to show the 
sinus veuo^iis and its tributaries. (After His.) (From Kollmann’s ‘ Entwickel- 
ungsgcscl lieh te. ’) 
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which lie to the outer sides of the Wolffian ducts.’ ‘ The vessels which are to be 
looked upon as the posterior continuations of the primitive aorta in the adult ui 
man, rodents, &c., are the common ihac, internal iliac, and hypogastric arteries.’ 

The^hypogastric arteries are continued into the umbilical cord as the umbilical 
artenes. Alter birth they become obliterated from the umbilicus as far as the 
origin of the superior vesical arteries. 

The primary arterial stem for the lower limb is formed by the sciatic artery, 
which accompanies the great sciatic nerve along the posterior aspect of the thigh 
to the back of the knee, whence it is continued as the peroneal artery. Tms 
arrangement exists in reptiles and amphibians. The femoral artery arises later 
as a branch of the common iliac, and, passing down the front and inner side of 
the thigh to the bond of the knee, joins the sciatic artery. The femoral quickly 
enlarges, and, coincidently with this, the part of the sciatic immediately above the 
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knee undergoes atrophy. antenot 

of the main Mterial stem. _ . , % . , , 

Further development of the Veins. —The formation of pe great veins of the' 
embryo may be best considered by dividing them into two groups, idsceral and 
parietal. 

The viaceral veins are the two vitelline or omphalo-mesenteiio veins briuging 
the blood from the yolk-sac, and the two umbilical or allantoic veins returning 
the blood from the placenta ; these four veins open olose together into the sinus 
venosus (fig. 194). 

The vitelline veins run upwards at first in front, and subsequently on either 
side of the intestinal canal. They unite on the ventral aspect of the canal, 
and beyond this are connected to one another by two cross branches, the first on 
the dorsal, the second on the ventral aspect of the duodenal portion of the 
intestine which is thus encircled by two venous rings (fig. 193). The por¬ 
tions of the veins above the upper ring become invaded by the developing 
liver and broken up by it into a plexus of small capillary-like vessels termed 
sinusoids (Minot). The branches conveying the blood to this plexus are named 

Fig. 193. —^The liver and the veins in connection with it. of a human embryo, twenty-four 
or twenty-five days old, as seen from fhe ventral surface. (After His.) 



F^iteries axe bBaoches 


Anterior detacln dportions 

of umbiheal veins I’tna revelientts 



the vente advehenks, and become the branches ol the portal vein ; while the vessels 
draining the plexus into the smus veiiosus arc termed the vcnce revehentes, and 
form the future hepatic veins (figs. 192 and 193). Ultimately the lelt vena revehens 
no longer communicates directly wdth the sinus venosus, but opens into the right 
vena revehens. The lower part of the portal vein is formed from the fused vitelline 
veins wiiich receive the veins from the alimentary canal; its upper part is derived 
from the venous rings by the persistence of the left half of the lower and the 
right half of the upper ring, so that the vessel forms a spiral turn rotjnd the 
duodenum (fig. 193). 

The two umbiheal veins fuse early to form a single trunk in the body-stalk, 
but remain separate within the embryo and pass iorwards to the sinus venosus 
in the side walls of the body. Like the vitelline veins, their direct connection 
with the sinus venosus becomes interrupted by the invasion of the liver, 
and thus at this stage the whole of the blood from the yolk-sac and placenta 
passes through the substance of the liver before it reaches the heart. The 
nght umbilical vein shrivels and disappears; the left, on the other hand, 
^becomes enlarged and opens into the upper venous ring of the vitelline veins. 

L 
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Finally a direct branch is establishcid between this ring and the right hepatic vein ; 
this branch is named the dlidus venosus, and, enlarging rapidly, it forms a wide 
channel through which most of the blood, returned from the placenta, is carried 
direct to the heart without passing through the liver. A small proportion of the 
blood from the placenta is, however, conveyed from the loft umbilical vein to the 
liver through the left vena advehens. The left umbilical vein and the ductus 
venosus undergo atrophy and obliteration after birth, and form respectively the 
ligamentum teres and ligameritum venosum of the liver. 

The parietal veins .—The first indication of a parietal system consists in the 
appearance of two short transverse veins (the diKAs of Cuvier), which open, one 
on either side, into the sinus venosus. Each of these ducts receives an ascend¬ 
ing and descending vein. The ascending veins return the blood from the 
parietes of the trunk and from the Wolffian bodies, and are called ca/rdinal 
veins. The descending veins return the blood from the head, and are called 
primitive jugular veins (fig. 190). The blood from the lower limbs is collected 
by the right and left iliac veins, which, in the earlier stages of development, open 
into the corresponding right and left cardinal veins (fig. 190); later on, a transverse 
branch (the left common iliac vein) is developed between the lower parts of the 


Fia. 194.—Scheme of arrangement of 
parietal veins. 


Fro. 195.—Scheme slion’ing early stages of 
development of the inferior vena cava. 
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two cardinal veins (fig. 196), and through this the blood is carried into the right 
cardinal vein. The portion of the left cardinal vein below the left renal vein 
atrophies and disappears up to the point of entrance of the left spermatic vein ; 
the portion above the left renal vein persists as the superior and inferior azygos 
minor veins and the lower portion of the left superior intercostal vein. The 
right cardinal vein, which now receives the blood from both lower extremities, 
forms a large venous trunk along the posterior abdominal wall; up to the level 
of the renal veins it forms the lower part of the inferior vena cava. Above the 
level of the renal veins the right cardinal vein persists as the vena azygos major, 
and receives the right intercostal veins, while the azygos minor veins are brought 
into communication with it by the development of transverse branches in front 
of the vertebral column (figs. 196, 197). 

Inferior vena cava .—The development of the inferior vena cava is associated 
with the formation of two veins, the subcardinal veins (figs. 194 and 195). 
These lie parallel to, and on the ventral aspect of, the cardinal veins, and 
originate as longitudinal anastomosing channels which link up the tributaries 
from the mesentery to the cardinal veins; they communicate with the cardinal 
veins above and below, and also by a series of transverse brailches. The two 
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subcardinalB are for a time coxuiected with each other in front of the aorta by 
cross branches, but these disappear and are replated by a single transverse 
channel at the level where the renal veins join the cardinals^ and at the same level 


Fio. 196._^Diagram showing development of main ci-oss branches between jugulars 

and between cardinals. 
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a cross communication is established on either side between the cardinal and 
subcardinal (fig. 195). The portion of the right subcardinal behind tliis cross 
communication disappears, while that in front (i.e. the pre-renal jiart) forms a 


Fig. 197.—Diagram showing completion of development of the parietal veins. 
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connection with the ductus venosus at the point of opening of the hepatic veins, 

h and, rapidly enlarging, receives the blood from the post-renal part of the right 
niinai through the cross communication referred to. In this manner a single 

l2 
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trunk, the inferior vena cava (fig. 197), is formed, and consists of the proximal part 
of the ductus venosus, the pre-rcnal part of the right suhcardiual vein, the post- 
renal part of the right.cardiual vein, and the cross branch which joins these two 
veins. The left subcardinal disappears, except the part immediately in front of 
the renal vein, which is retained as the left suprarenal vein. The spermatic (or 
ovarian) vein opens into the post-renal part of the corresponding cardinal vein. 
This portion of the right cardinal, as already explained, forms part of the inferior 
vena cava, so that the right spermatic opens directly into that vessel. The post- 
renal segment of the left cardinal disappears, with the exception of the portion 
between the spermatic and renal vein, which is retained as the pro.ximal part of 
the left spermatic vein. 

In consequence of the atrophy of the Wolffian bodies thh cardinal veins diminish 
in size; the primitive jugular veins, on the other hand, become enlarged, owing 
to the rapid development of the head and brain. They are further augmented 
by receiving the veins (subclavian) from the upper extremities, and so come to form 
the chief veins of the Cuvierian ducts; these ducts gradually assume an almost 
vertical position in consequence of the descent of the heart into the thorax. The 
right and left Cuvierian ducts are originally of the same diameter, and are frequently 
termed the right and left superior venm cava;. By the development of a transverse 
branch (the left innmninalc vein) between the two primitive jugular veins, the 
blood is carried across from the left to the right primitive jugular (figs. 196, 197). 
The portion of the right primitive jugular vein between the left innominate and 
the vena azygos major forms the u})])er part of th(' superior vetia cava of the 
adult; the lower ])art of this vessel (i.e. below the entrance of the vena azygos 
major) is formed by the right (’uvierian duct. Below the origin of the transverse 
branch the left primitive jugular vein and left Cuvierian duct atrophy, the 
former constituting the uppc'r })art of the left suj)erior intercostal vein, while the. 
latter is represented by the ve.stigial fold and oblique vein of Marshall (fig. 197). 
Both right and left sujxTior v(ma> c.avic are. present in some animals, and are 
occasionally found in the adult human being. The oblique vein of Marshall 
passes downwards across the bac.k of the left auricle to open into the coronar}' 
sinus, which, as already indicated, represents the persistent left horn of the sinus 
venosus. 

The primitive jugular or anterior cardinal veins are situated on the ventral 
surface of the brain, on the mesial side of the cranial nerve-roots. A considerable 
portion of each of these veins disappears and is replaced by a vein which is developed 
on th(! lateral aspect of the cranial nerves from the fifth to the twelfth inclusive. 
This new vein (verm capitis lateralis) leaves the skull in company with the seventh 
nerve. The blood from the hiiid-brain is collected into a vein (the future lateral 
sinus) which passes through the foramen jugulare on the lateral aspect of the vagus 
nerve ; here the two vessels join to form the internal jugular vein. On the dorsal 
aspect of the ear-capsule an anastomotic channel is opened up between the vena 
capitis lateralis and the lateral sinus; and, coincident with this, the portion of 
the former vein which extends from the fifth to the tenth cranial nerve becomes 
obliterated, and thus the whole of the blood from the brain is ultimately drained 
away by the lateral sinuses. The primitive jugular vein is therefore represented 
in the adult by the internal jugular, and not by the external jugular, as is usually 
stated.* The external jugular vein is a vessel of later formation, which at first 
drains the region behind the ear (posterior auricular) and enters the primitivc 
jugular as a lateral tributary. A group of veins from the face and lingual region 
converge to form a common vein, the linguo-facial,]' wluch also terminates in 
the primitive jugular. Later, cross communications develop between the external 
jugular and the linguo-facial, with the result that the posterior group of facial veins 
is transferred to the external jugular. 

Peculiarities of the festal heart.— In early foetal life the heart is placed directly 
under the head and is relatively of large size. Later it assumes its position in the 
thorax, but lies at first in the middle line ; towards the end of pregnancy it gradu¬ 
ally becomes oblique in direction. The auricular portion is at first larger than 
the ventricular part., and the two auricles communicate freely through the foramen 

Consult J)U‘ Entmiehelung deg JUutgcfi'm-gygtemg, by Hochstettcr, in Hertwig’s EntwicM- 
imgglehre •, luid alst) an article by Mall in the American Journal of Anatomy, vol. iv., December 
1!)04. 

t Lewis, American Journal of Anatomy, vol. ix., No. 1, Feb. 1909. 
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ovale. In consequence of the communication between the pulmonary artery and 
the aorta, through the ductus arteriosus, the contents of the right ventricle arc 
mainly carried into the latter vessel instead of to the lungs, and hence the wall 
of the right ventricle is as thick as that of the left. At the ena of foetal life, however, 
the left ventricle is thicker than the right, a difference which becomes more and 
more emphasised after birth. 

The foetal circulation and the changes which take place in the circulation after 
birth are described on pages 614 to 616. 

The lymphatic vessels. —The lymphatic system begins as a series of sacs * 
at the points of junction of certain of the embryonic veins. These lymph-sacs 
are developed by the confluence of numerous venous radicles, which at first lose 
their connections with the venous system, but subsequently, on the formation of 
the sacs, regain them. The lymphatic system is therefore developmentally an 
offshoot of the venous system, and the lining walls of its vessels are always endo¬ 
thelial. As already stated in the chapter on Histology (page 61), it forms a closed 
system, and has not as was formerly supposed any direct communication with 
tissue clefts or spaces. 


Kio. 198.—Scheme showing relative positions of primai-y lymiih-sacs 
based on the description given by Florence Sabin. 
hr/t innominate 


Jai/iilar lymph-siic- 
Biglit innommair 

Venn cava superior 



A 


Bre.-renal pari of 
vena eaua inferior 


Post-renal part of 
vena cava mferior 


Cisternn rhyli 
Posterior lympli^sar - 



Internal juynlar 
External juyular 


Duet of Cuvier 
Left cardinal 


Left capsular 
Left renal, 
lietro-peritoneal 
lymph-sac 


Left common iliac 
External iliai. 
Internal iliac 


In the human embrj'o the lymph-sacs from which the lymphatic vessels are 
derived arc six in number : twm paired, the jugular and the posterior lymiih-sacs ; 
and two unpaired, the retro-peritoneal and the cisterna chyli. In lower mammals 
an additional pair, subclavian, is present, but in the human embryo these are 
merely extfmsions of the jugular sacs. 

The position of the sacs is as follows : (1) jugular sac, at the junction of the 
subclavian vein with the primitive jugular; (2) posterior sac, at the junction of 
the iliac vein with the posterior cardinal; (3) retro-peritoneal, in the position of the 
cross branch between the renal veins ; (4) cisterna chyli at the site of the cross 
branch between the two iliac veins (fig. 198). From the lymph-sacs the lymphatic 
vessels bud out along fixed lines corresponding more or less closely to the course 
of the embryonic blood-vessels. They all arise as endothelial outgrowths, which 
later become canalised. Both in the body wall and in the wall of the inte8tine,t 
the deeper plexuses are the first to be developed ; by continued growth of these 
the vessels m the superficial layers are gradually formed. It is as yet undeter¬ 
mined whether the thoracic duct is formed from anastomosing outgrowths from 
the jugular sac and cisterna chyli or whether it is developed by the transformation 

• Sabin. Amcricam, Jmtrnal of Anatomy, vol. ix., No. 1, Feb. 1909. t Houcr. Ihid. 
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of Bome of the radicles of the azygos veins. At its connection with the cisterna 
chyli it is at first double, but the right vessel soon joins with the left. 

All the lymph-sacs f-xcept the cisterna chyli are, at a later stage, divided up by 
slender connective tissue bridges and transformed into groups of lymphatic glands. 
The lower portion of the cisterna chyli is similarly converted, but its upper portion 
remains as the receptaculum ch}'li. 

The Pericardiiun. —As already pointed out (page 87), the anterior portion 
of the embryonic area in front of the oral plate or bucco-pharyngcal membrane 
is named the pericardial area. Previf)us to the formation of the head-fold the 
mesoderm has divided into its somatic and splanchnic layers, and these two layers, 
together with the intervening ccelomic space, extend forwards on cither side of 
the bucco-pharyngcal membrane into the pericardial area ; the part of the coelom 
contained within this area becomes the cavity of the 2 )ericardium. This is, at first, 
in the shape of a crescent, the lateral horns of which extend backwards on either side 
of the bucco-pharyngeal membrane and are continuous with the pleuro-peritoneal 
part of the ccelomic space. The primitive blood-vessels, which, in the pericardial 
region, fuse to form the primitive heart, are developed in the splanchnic mesoderm 
of the pericardial area. By the rapid ejongation of the embryo, and the formation 
of the head-fold, the pericardial area and its contained blood-vessels are folded 
backwards to form the ventral wall of the fore-gut. By means of this process 
the surfaces of the pericardial area are reversed, its splanchnic layer being 
now situaled on the dorsal aspect of its somatic layer, while its original 
anterior limit comes to form the front boundary of the umbilicus. The vitelline 
veins, bringing the blood from the yolk-s.ac, enter the embryo through the anterior 
wall of the umbilicus and pass upwards and forwards to open into the tubular 
heart, which is, for a time, suspended along its entire length, fn)m the ventral aspect 
of the fore-gut, by a dorsal mesentery (dorsal mesocardium) (fig. 225). By the 
absorption of the middle part of this dorsal mesocardium behind the ascending aorta 
and ])ulmonary artery the groat transverse* sinus of the pericardium is fornuid. 

In. amphibians and birds the pericardium is developed by the fusion of the 
lateral halves of the cmloin in the middle line beneath the fore-gut, and therefore 
in these animals there exists, for a period, a ventral mesocardium; but Robinson 
has shown that the pericardial cavity in mammals is frf»m the first a single cavity, 
and that there is ju*v<ir at any time a ventral mesocardium. 

The mesoderm immediately in front of the umbilicus becxiraes thickened to 
form the septum transversiim, abovci which are situated the lateral horns of the 
pericardial cavity. These assunuj the form of tubular passages on the sides of 
the fore-gut. and constitute the communications betweasn the pericardial and 
pleuro-peritoneal parts of tin* codom (fig. 225). The lung buds grow out behind the 
ducts of Ouvier into these passages, and push their w.‘iy outwards atid forwards 
into the tissue of the se.jitum trausversum. The ex})ansion of the pleural cavities 
therefore takes place, in the septum, which by this means is dill(!rentiated into 
the central part of the Diaphragm and tlie posterior wall of the pericardium. The 
anterior limit of the septum trausversum is indicated by the Cuvierian ducts 
(superior venae cavae), by the growth of which the passages between the pericardium 
and pleurae are closed. 


DEVELOPMENT OF THE ALIMENTARY AND RESPIRATORY 

SYSTEMS 

The Alimentary Canal.—As already indicated (page 92), the primitive 
alimentiyry canal consists of three parts, viz.: (1) the fore-gut, within the cephalic 
flexure, and dorsal to the heart; (2) the wid-gul, opening freely into the yolk-sac ; 
and (3) the hind-gut, within the caudal flexure (figs. 199, 200), At first the fore¬ 
gut and hind-gut end blindly. The anterior end of the fore-gut is separated from 
the stomatoda'um by the pharyngeal septum (fig. 201); the hind-gut terminates 
posteriorly in the cloaca, which is closed externally by the cloacal membrane. 

The pharynx, oesophagus, stomach, and greater part of the duodenum are 
developed from the fore-gut,* while the liver and pancreas are formed as diverticula 

• The level of the ()])eiiiijy: of the common bile-duct is usually regarded as the junction of 
Ihe fore-gut with the iiiid-gut. 



161 


DEVELOPMENT OF THE ALIMENTARY CANAL 

frona the duodenum ; the descending, iliac, and pelvic parts of the colon, the 
rectum, and the tubular stalk of the allantois are developed from the hind-gut; 
the mid-gut gives origin to the remainder of the alimentary tube. 

The mourn. — The mouth is developed partly from the stomatodaeum, and 
partly from the floor of the anterior portion of the fore-gut. By the growth 

Fio. 199.—Diagrammatic outline of a sagittal section of the chick on the fourth day. 

* (From Quain’s ‘Anatomy,’ Allen Thomson.) 



a. future auuM, stUl doaod; af\ cepbaliu fold ; nl, the allantoic yesU'le; am. cavity of tnie amnion ; ep» ectoderm ; 
h, heart; hy, cnt<itlerm; i, intestine; m. the moiiUi; nic. the niewntery; pf, cttudal fold; pp. apace between 
inner and outer folds of amnion; s. forc*t 7 nl.; mi. somatic moHoderm ; vi. vitelline duct; vm. gplaticlinic 
mesoderm; ys. yolk-sac. 


of the head end of the embryo, and the formation of the cephalic flexure, 
the pericardial area and the oral plate or bucco-pharyngeal area come to lie 
on the ventral surface of the embryo. With the further expansion of the 
brain, and the bulging forwards of the pericardium, the oral plate is depressed 


Fro. 200. —Diagram of a sagittal section of a mammalian embryo. 
Very early. (After Quain.) 



between these two prominences. This depression constitutes the stQmatodwum 
(fig. 201). It is lined by ectoderm, and is separated from the anterior end of the 
fore-gut by the oral plate, which is now named the vharyngeal septum (fig. 201). 
This septum is devoid of mesoderm, being formed by the apposition of the 
stomatodmal ectoderm with the fore-gut entoderm; at the end of a fortnight it 
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disappears, and thus a communication is established between the mouth and the 
future pharvnx. No trace of the pharyngeal septum is found in the adult; ^ and 
the communication just mentioned must not be confused with the isthmus faucium, 

f 

¥ia. 201 .—^Human embryo about fifteen days old. Brain and heart represented from 
right side. Alimentary canal and yolh-sac in mesial section. (After His.) 
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since, as His has shown, the anterior pillars of the fauces arc developed from the 
second visceral arches. 

Fig. 202.—Under surface of the head of a human embryo about twenty-nine days old. 

(After His.) 
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The visceral arches extend in a ventral direction between the stomatodseum 
and the pericardium; and with the completion of the mandibular arch and the 
formation of the maxillary processes, the mouth assumes the appearance of a 
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pentagonal orifice. The orifice is bounded in frdnt by the Irouto-nasal process which 
covers the fore-brain and contains the onteriof part of the coalesced trabeculae 
cranii, behind by the mandiWlar aich, and laterally by the maxillary processes 
(fig. 202). With the in- * 

ward growth and fusion 203.—^The floor of the pharynx of a human embryo 


about fifteen days old. x 50. (From His.) 
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of the palatal processes 
(figs. 142, 143), the upper 
portion of the- stomato- 
dieum is shut off to form 
the nasal cavities, while 
from its lower or buccal 
portion the roof and an¬ 
terior part of the mouth, 
together with the teeth, 
are developed. 

The salivQxy glands 
arise as diverticula from 
the epithelial lining of the 
mouth, and their rudiments 
appear in the following order, viz. : the parotid during the fourth week, the sub- 
maxillary in the sixth week, and the sublingual during the ninth week (Hammar). 
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Fio. 204.—The floor of the pharynx of a human embryo about twenly-tliree days old. 

,< 30. (From His.) 
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The tongue (figs. 203 to 205).—The tongue is developed in the floor of the 
nharyny. The rudiment of the anterior or buccal portion appears during the 
third week as a rounded elevation, immediately behind the ventral ends of the 

Fig. 206.—Floor of mouth of an embryo slightly older than that shown in tig. 204. 
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mandibular arches. This elevation is named the tuhereulum impar (figs. 203 and 
204); it extends forwards on the oral surface of the mandibular arch, and in¬ 
creases markedly in size by the development of a pair of lateral tongue-elevations. 
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which laise themselves from the inner surfaces of the mandibular arches, and, 
blending with the tuberculum impar, form the tip and greater portion of the 
buccal part of the tongue. These lateral growths correspond with similar struc¬ 
tures which were described by E. Kallius in the development of the tongue of the 
lizard. From the ventral ends of the fourth arch there arises a second and larger 
elevation, in the centre of which is a median groove or furrow. Tliis elevation is 
named the furcula (fig. 203), and is at first separated from the tuberculum impar 
by a depression, but later by a ridge formed by the forward growth and fusion of 
the ventral ends of the second and third arches. The posterior or pharyngeal 
part of the tongue is developed from this ridge, which extends forwards in the 
form of a V, so as to embrace between its two Umbs the tuberculum impar (figs. 204 
and 206), At the apex of the V a pit-hke invaguiation occurs, to form the middle 
thyroid rudiment, and this depression is represented in the adult by the foramen 
coBcum of the tongue. In the adult the union of the anterior and posterior parts 
of the tongue is marked by a V-shaped depression (sulcus terminalis), the apex of 
which is at the foramen csecum, while the two limbs run outwards and forwards, 
parallel to, but a little behind, the circumvallate papillae. The pronunent 
anterior part of the furcula forms the epiglottis; the furrow behind it is the 

entrance to the larynx; and the 
Fig. 206. — Scheme showing development of anterior parts of its lateral 
branchial epithelial bodies. (Modified from margins^ constitute the aryteno- 
Kohn.) epiglottidean folds. 

The tonsils are developed from 



the lower parts of the second 
visceral clefts, immediately behind 
the anterior pillars of the fauces. 
The entoderm which lines these 
clefts grows in the form of a 
number of solid buds into the 
surrounding mesoderm. These buds 
become hollowed out by the de¬ 
generation and Ciisting off of their 
central cells, and by this means 
the tonsillar crypts are formed. 
Lymphoid cells accumulate around 
the crypts, and become grouped 
to form the lymphoid follicles; 
the latter, however, are not well 
defined until after birth. 


J'oxf-hrn'ii eh ini hndi/ 
1, II, III, IV, yisoeral clefUi. 


The thymus gland appears in 
the form of two flask-shaped ento- 
dermal diverticula, which arise, one 


on either side, from the third 
visceral cleft (fig. 2()0), and extend outwards and backwards into the surrounding 
mesoderm to meet in front of the ventral aortaj. The pharyngeal opening of each 
diverticulum is soon obliterated, but the neck of the flask persists for some time 
as a cellular cord. By further proliferation of the cells which line the flask, 
buds of cells are formed, which become surrounded and isolated by the invading 
mesoderm. In the latter, numerous lymphoid cells make their appearance, and 
are aggregated to form lymphoid follicles. These lymphoid cells arc probably 
derivatives of the entodermal cells which lined the original diverticulum and its 
subdivisions. 


Thethyroid body isdeveloped from a median and two lateral diverticula (fig. 206). 
The median diverticulum appears about the fourth week, immediately behind the 
tuberculum impar of the tongue, between the mandibular and hyoid arches. It 
grows downwards and backwards as a tubular duct, wliich bifurcates and sub¬ 
sequently subdivides iiito a series of cellular cords, from w'hich the isthmus and 
part of the lateral lobes of the thyroid body arc developed. The lateral diverticula 
arise from tlic inner aspects of the fourth visceral clefts; they grow backwards and 
fuse with the median portion to form the remainder of the lateral lubes. The 
connections of the lateral diverticula with the pharynx disappear early. That 
of the median rudiment is termed the thyro-glossal duct ; its continuity is sub¬ 
sequently interrupted by the development of the body of the hyoid bone, and it 
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undergoes degeneration, its upper end being represented by the foramen caecum 
of the tongue, and its lower by the pyramidal lobe of the thyroid body. 

The va/rathyroid bodies are developed as outgrowths from the inner aspects of 
the third and fourth visceral clefts (fig. 206). 

A pair of diverticula arise behind the fifth arch and form what are termed the 
postbranchicU bodies (fig. 206); these degenerate and disappear at an early stage. 

The pituitary body, or hypophysis cerebri. —This consists of a large anterior, 
and a small posterior, lobe : the former is derived from the ectoderm of the stomato- 
da?um, the latter from the floor of the fore-brain. About the fourth week there 
appears a pouch-hke diverticulum of the ectodermal lining of the roof of the stomato- 
dseum. This, the pitui¬ 
tary involution or pouch 
of Rathke (fig. 207), is 
the rudiment of the an¬ 
terior lobe of the pitui¬ 
tary body; it extends 
upwards in front of the 
cephalic end of the 
notochord and the rem¬ 
nant of the pharyngeal 
■septum, and comes into 
contact with the under 
surface of the fore-brain. 

It is then constricted 
off to form a closed 
vesicle, but remains for 
a time connected to the 
ectodenii of 1 he stoma- 
tod aeum by a solid cord 
of cells. The vesicle 
.sends out hollow pro¬ 
cesses into the surround¬ 
ing mesoderm, and is 
gradu a Ily converted int o 
a mass of smsill, tortuous 
tubules lined with co¬ 
lumnar or cubical cells. 

The upwardly directed 
pituitary involution be¬ 
comes .applied to the 
aiitero-latcra! aspect of 
a downvvardlj' directed 
iliverticulum from the 
base of the fore-brain 
(page 123). This diver 
ticulum constitutes the 
future infundibulum in 
the floor of the third 
ventricle, while its lower 
extremity becomes 
modified to form the 
posterior lobe of the 
pituitary body. In 
some of the lower animals the posterior lobe contains nerve-cells and«rnerve- 
fibres, but in man and the higher vertebrates these are replaced by connective 
tissue. A canal {cranio-pharyngeal canal) is sometimes found extending from the 
pituitary fossa to the under surface of the skull, and marks the original position 
of Rathko’s pouch. 

The further development of the alimentary canal. —The upper part of the 
fore-gut becomes dilated to form the pharynx (fig. 208), in relation to which the 
branchial arches are developed (fig. 136) (see page 107) ; the succeeding part 
remains tubular, and with the descent of the stomach is elongated to form the 
oesophagus. About the fourth week a fusiform dilatation, the future stomach. 


Fio. 207.—^Vertical section of the head in early embryos of 
the rabbit. Magnified. (From Mihalkovics.) 



\. From uii ombr^o of fire niillinietn-ii m B. From an embryo of aix 

miUbnntrce in length, o. Vertn-ol serlion of tbc luitorior cnil of the notocliord 
and pituitary body, &o., from an embryo mxteon millimetres lorn;. In A the 
buceo-pbaryngeal membrane is still present. In B it is in the process of disap¬ 
pear] ifr, and tlic stomatodfeniM now coiimiuui ]ates with theprimitivo pharyn 
am. Amnion, c. Fore-brnin. cA. Notochori' Anterior cxtrinnity of forc- 
f;ut, t. A. Heiu-t. Infundibulum, m. \V .11 of brain cavity, me. Mid- 
bmin. mo. lUnd-bruin. p. Original riositic of pituitary diverticulum, py. 
pli. Pharynx. 3p.e, Spheno-ettirnoidal; !)■ Centred; and sp.o. Spbeno- 
occipital parts of basis cranii. ttm, Tlialamu 
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makes its appearance, and beyond this the mid-gut opens freely into the yolk-sac 
(figs. 208 and 209). The opening is at first wide, but is gradually narrowed into 
a tubular stalk, the yolk-stalk or vitelline duct.* At this stage, therefore, the 


Fig. 208.—Sketches in profile of two stages in the development of the human 
alimentary canal. (His.) Fig. A x 30. Fig. B x 20. 
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* The proximal part of the vitelline duct persists in about two per cent, of .subjects and 
constitutes MeeheVs divertieiilum of the small inte.stine, which is found about three or four 
feet above the ileo-oajcal valve, and may be attached to the umbilicus by a fibrous cord. 
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alimentary canal forms a nearly straight tube in front of the notochord and 
prinritive aortaj (fig. 200). From the stomach to the rectum it is attached to the 
notochord by a band of mesoderm; from which the common mesentery of the gut is 
subsequently developed. The stomach has an additional attachment, viz. : to the 


Fio. 209.—^Front view of two successive stages in the development of the 
alimentary canal. (His.) 
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ventral abdominal Avail as far as the umbilicus by the septum transversurn. The 
cephalic portion of the septum takes part in the formation of the Diaphragm (see 
page 167), while the (‘uudal portion into which the liver grows forms the ventral 
mes()ga<itrium (fig. 210). The stomach undergoes a further dilatation, and its 
two curvatures can be recognised (figs. 208, n, and 210), the greater directed 


Fio. 210.—The primitive mesentery of a six weeks’ human embryo, half schematic. 

(Kollmann.) 
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towards the vertebral column and the lesser towards the anterior wall of the 
abdomen, while its two surfaces look to the right and left respectively. The 
mid-gut undergoes great elongation, and forms a V-shaped loop which projects 
downwards and forwards ; from the bend or angle of the loop the vitelline duct 
passes to the umbilicus (fig. 211). For a time a part of the loop extends beyond 
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the abdominal cavity into the uinbiUcal cord, but by the end of the third month it 
is withdrawn within the cavity. With the lengthening of the tube, the mesoderm, 
which attaches it to the future vertebral column and carries the blood-vessels for 
the supply of the ght, is thinned and drawn out to form the 'posterior common 
meseniery. The portion of this mesentery attached to the greater curvature of 
the stomach is named the dorsal mv^ogastrium, and the part which suspends the 
colon is termed the mesocolon (tig. 211). About the sixth Aveek a lateral diver¬ 
ticulum makes its appearance a short distance behind the opening of the vitelline 
duct, and indicates the future caecum and appendix. The part of the loop on the 
distal side of the caecal diverticulum increases in diameter and foi'nis the future 
ascending and transverse portions of the large intestine. Until the third month 
the cffical diverticulum lias a uniform calibre, but from this time onveards its most 
doiiendcnt part remains rudimentary and forms the vermiform appendix, while 
its upper part expands to form the caicum. Changes also take place in the shape 
and position of the stomach. Its dorsal part or greater curvature, with the 

Fig. 211. —Abdominal part of alimentary canal and its attachment to the primitive or 
common mesentery. Human embryo of six weeks. (After Toldt.) (From Kollmann’s 
‘ Entwickelung.sgeschichte.’) 



dorsal mesogastrium attached, grows much more rapidly than its ventral part 
or lesser curvature to whicli the ventral mesogastrium is attacluHl. Further, the 
greater curvature is carried downwards and to the left, so that the right surface 
of the stomach is now directed backwards and the left surface forwards—a change 
in position which explains why the left vagus nerve is found on the front of the 
stomach and the right vagus on the back of it. The dorsal mesogastrium being 
attached to the greater cStirvature must necessarily follow its movements, and hence 
it becomes greatly elongated and drawn outwards from the vertebral column, and, as 
in the case of the stomach, the right surfaces of both the dorsal and ventral meso- 
gastria are now directed backwanls, and the left forwards. In this way a pouch, 
the bursa omentalis, is formed behind the stomach ; this pouch is the future leaser 
sac of the peritoneum, and it increases in size as the alimentary tube undergoes 
further development; the entrance to the pouch constitut'fs the future foramen of 
Winslow (figs. 212, 215). The duodenum is developed from that part of the tube 
which immediately succeeds the stomach; it undergoes little elongation, being 
more or less fixed in position by the liver and pancreas, which arise as diverticula 
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from it. The duodenum is at first suspended *by a mesentery, and projects 
forwards in the form of a loop. The loop and its mesentery are subsequently 
displaced by the transverse colon, so that the right surface of the duodenal 


Fia. 212.—Diagrams to illustrate two stages in the development of the human alimentaiy 
na.nnl and its mesentery. The arrow indicates the entrance to the bursa omentalis. 
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mesentery is directed backwards, and, adhering to the parietal peritoneum, is 
lost. The remainder of the alimentary canal becomes greatly elongated, and 
as a consequence the tube is coiled on itself, and this elongation demands a 
corresponding increase in the width 
of the intestinal attachment of the 
mesentery, which becomes folded. 

At this stage the small and large 
intestines are attachedto the vertebral 
column by a common mesentery, the 
coils of the small intestine falling to 
\ tie right of the middle line, while the 
large intestine lies on the left side.* 

The gut is now rotated upon itself, 
so that the large intestine- is carried 
over in front of the small intestine, 
and the csecum is placed immediately 
below the liver; about the sixth month 
the cfecum descends into the right iliac 
fossa, and the large intestine forms an 
arch consisting of the ascending, trans¬ 
verse, and descending portions of the 
colon—^the transverse portion cros.sing in front of the duodenum and lying just 
below the greater curvature of the stomach; within this arch the coils of the 
small intestine are disposed (figs. 212, 217). ^metimes the downward progress of 
the cascum is arrested, so that in the adult it may be found lying immediately 
below the liver instead of in the right iliac region. 

* Sometames this condition persists throughout life, and it istliou found that the duodoinmi 
does not cross from the right to the left side of the vertebral column, but lies entirely on tin; 
light side of the mesial plane, where it is continued into the jejunum; tlie arteries to the 
small intestine (rami intestini tennis) also arise from the riglit instead of the left side of the 
superior mesenteric artery. 


Fiq. 213.—Schematic and enlarged cross 
section through the body of a human 
embryo in region of the meso- 
gostrium. Beginning of third mouth. 
(Toldt.) 
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Further changes take place in the bursa omentalis and in the common 
mesentery, and give rise to the peritoneal relations seen in the adult. The bursa 
omentalis, wldch at first reaches only as far as the greater curvature of the 
stomach, grows dovrhwards to form the great omentum, and this downward 
extension lies in front of the transverse colon and the coils of the small intestine. 
The anterior layer of the transverse mesocolon is at first quite distinct from the 

Fio. 214.—Section through same region as in fig. 213, at end of third month. (Toldt.) 



posterior layer of the great omentum, but ultimately the two blend, and hence 
the great omentum appears as if attached to the transverse colon (fig. 216). The 
mesenteries of the ascending and descending parts of the colon disapjjcar in the 
majority of cases, wliilc that of the small intestine assumes the oblique*, attachment 
characteristic of its adult condition. 


Kns. 215.—Schematic figure of the bursa omentalis, &c. Human embryo 
of eight weeks. (Kollmann.) 



The small omentum is formed, as indicated above, by a thinning of the meso¬ 
derm or ventral mesogastrium, which attaches the stomach and duodenum to the 
anterior abdominal wall. By the subsequent growth of the liver this leaf of 
mesoderm is divided into two parts, viz. : the small omentum between the stomach 
and hver, and the falciform and coronary ligaments between the liver and the 
abdominal wall and Diaphragm (fi^ 210). 

The rectum and anal canal.— The hind-gut is at first |)rolonged backwards 
into the body-stalk as the tube of the aUantois ; but, with the growth and 
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flexiue of the tail-end of the embryo, the body-stalk, with its contained allantoic 
tube is carried forwards to the ventral aspect of the body, and consequently a 

Fr«. 216.—Diagrams to illustrate the development of the groat omentum 
and transverse mesocolon. 
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Fjc!. 217.—Final disposi¬ 
tion of the intestines and 
tJioir vasculm- relations. 
(Jonnosco.) 


bend is formed i)t the junction of the hind-gut and allantois. This bond becomes 
dilated into a ])ouch, which constitutes tht^ ntloilenmtl clorwa ; into its dorsal part 
the hind-gut oj)ens, and from its ventral part the allantois passes forwards. At a 
later stage the Wolffian and Miillcrian ducts open into 
its ventral portion. The cloaca is. for a time, shut off 
lioin the exterior by a membrane, the cloacaf mniihrauf, 
formed by the ap})osition of tlie ectoderm and entoderm, 
ami reaching, at lirst, as far forwards as the ful.iire um¬ 
bilicus. Behind the umbilicus, however, the mesoderm 
subsequently ext-ends inwards (o form the lower part of 
the abdominal wall and symphysis jmbis. By the growth 
of the surrounding tissues the chtacal membraTic comes 
to lie at the bottom of u depres.sion, which is lined by 
|•ctoderm and named the eclodmnol cloaca (lig. 218). 

The entoderrnal cloaca is divided into a dorsal and 
a ventral part by moans of a partition consisting of 
two lateral mesodermal folds wluch grow inwards and 
i.jiite witn each other in the middle lino. The dorsal 
part forms the rectum, and the anterior part the 
urogenital sinus and bladder. By the rupture of the 
cloacal membrane the entodi'.rmal cloaca opens on the 
exterior, thus giving rise to a <-ondition which exists 
jienuanently in the reptile, bird, and monotrenre,. Into 
this cloacal channel in these animals the urine, the 
faicos, and the products of the genital organs are 
discharged. The, communication of the rectum with 
the cloaca is obliterated by the hiward growth of two 
eminences, which make their appearance one on either 
side of the cloaca. These join in the middle line to 
form the perineal septum, and also fuse with the 
hinder edge of the, septum which separates the 
urogenital sinus and bladder from the rectum. The 
anal canal is not developed from the cloacal opeji- 
ing of the hind-gut, but is formed by an in¬ 
vagination of the ectoderm behind the perineal 
septum. This invagination is termed the proctodmum (fig. 223), and it meets 
with the ventral aspect of the hind-gut and forms with it the anal tnembram. 
By the absorption of th's membrane the anal canal becomes continuous with 
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the rectum (fig. 224). A small ^iart of the hind-gut projects backwards beyond 
the anal membrane ; it is named the pnst-anal (jut, and usually becomes obliterated 
and disappoars.* , 

F. Wbod-Jonesf gives a different account from the above as to the manner in 
which the rectum is separated from the cloaca. He maintains that the growth of 
the hind-gut keeps pace with that of the hind-end of the embryo, and ‘ buds back¬ 
wards past its cloacal orifice, past its old tennination iji the allantois, and forms 
the portion of the hind-gut distal to the allantois ’; this portion he terms the 


Fio. 218.—^Tail end of human embryo from 
fifteen lo eighteen days old. (From model by 
Keibol.) 



Fui. 219.—Cloaca and appendages of 
human embryo from twenty-five to 
twenty-seven days old. (From 
model by Keibel.) 



Fio. 220.—Tail end of human embryo, from eight and a half lo nine Mi'eks old. 

(From model by Keibel.) 



post-allatUoic gut (figs. 221, 222). ‘ The eloacal opening of the hind-gut is now 

normally lost; originally a small opening in the embryo of 12 somites (which 
is ab«ut 2 mm. in total length), the rapid growth of the hind^gut, the post- 
allantoic gut, and of the allantois itself, together with the lateral infolding of the 
wall deseribed by Keibel, serve to close the opening of the hind-gut into the cloaca ’ 
(fig. 223). This view, which affords a satisfactory explanation of the varieties of 
imperforate rectum and anus which are sometimes found, leads to the conclusion 

* Consult, in this connection, the following article; ‘ A Contribution to the Mojphology of 
the Human Ifrino-genital Tract,’ by D. Berry Hart, F.R.O.P.E. Jimrnal of Anatomy and 
Phydolofjy, April lilOl, vol. xxxv. 

t ‘ 'J’he Nature of the Malformations of the Rectum and Urogenital Pas sages,’ by F. Woml- 
Jones, M.B., B.Sc., M.B.C.S. liritish Medico! Journal, December 17, 1904. 
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Fjc. 221.— Diagram to illustrate the deA-eJopment of the post-allantoic gut. The hind- 
gut opens freely into the cloaca. (After Wood-Jones.) 



222.—Diagram to illustrate the further do\ lopment of the post-allantoic gut. The 
hind-gut. still opens into the cloaca. I'ho opening of the Miillcrian ducts is also seen. 
(After VVood-Jones.) 



Tui. 223.- Diagram to illustrate the separation of the hind-gut from the cloaca. The 
nin<l-gut has now lost its cloacal ojiening. The post-allantoic gut is about to meet the 
juoetodieal depression. (After Wood-Jones.) 
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that th« cloaca does not contribute to the lofSsilliibu of the rectum, and that 
the septa which have been de&cribed as fusing io the middle line to form the 
peiinienTU njc non-existent. 

224.—Diagram lo iJIiistrate the formation of the vagina, bladder, and urethra. 
The Mullerian ducts have lost their opening into the urogenital sinus, and the new 
solid vagina has grov'n down and later becomes canalise^]. (After Wood-Jones.) 



The liver arises in the form of a diverticulum or hollow outgrowth from the 
Acntral surfac(i of that portion of the gut which afterwards becomes the .second 
part of the duodenum (figs. 2()H, 225). This divertieulum is lined bv ento¬ 
derm, and grows upwards and forw'ards into the septum trairsversum, and there 
gives off two solid Inids of cells which represent the light and the left lola's of 
the liver. The solid buds of cells grow into colunms or cylinders, termed the 


Fi<i. 22.5.—Liver with the sejitum transvcrsiim. Human embryo 3 mm. long. 
(.After model and figure liy His.) 
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hepatic cylindere, which branch and anastomose to form a close meshwork. This 
network invades the vitelline and umbilical veins, and breaks up these vessels 
into a series of capillarj’^-like vessels termed sinusoids (Minot), which ramify in the 
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raeslics of the cellular networfc hhd ultimately form..flie venous capillaries of the 
liver. By the continued growth and Ramification of the hepatic cylinders the 
mass of the liver is gradually formed. The original diverticulum from the 
duodenum forms the common bile-duct, and from this the cvstic duct and gall¬ 
bladder arise as a hollow evagination. 

As the liver undergoes enlargement, both it and the vejitral roesogastrium of 
the fore-gut are gradually diflerentiated from the septum transversum ; and from 
the under surface of the latter the liver projects downwards into the abdominal 
cavity. By the growth of the liver the ventral mesogastrium is divided into two 


Fio. 226.—Pancreatic buds from a human 
embryo 7‘5 mm. long. (Kollmann.) 
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Fio. 227.—Pancreas of a human embryo 
of live weeks. (Kollmann.) 
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Fig. 228.—Pancreas of human embryo 
at end of sixth week. (Kollmann.) 
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]>ar(s. of which the anterior forms the falciform and coronary ligaments, and the 
posteiior the, gastro-hepatic omentum. About the third month the liver almost 
fills the abdominal cavity, and its left lobe is nearly as large as its right. From 
this ])criod the relative development of the liver is less active, moree.specially that 
«d the left lobe, which actually undergoes some degeneration and becomes sm^ler 
than th(i right; but up to the end of fmtal life the liver remains relatively larger 
than in the adult. 

The pancreas (figs. 22t) to 228).—The pancreas is developed ui two parts, a 
dorsal and a ventrd. The former arises as a diverticulum from the dorsal aspect 
ot the duodenum a short distance above the hepatic diverticulum, and, grooving 
upwards and backwards into the dorsal 
mesogastrium, forms the body and tail of 
the pancreas. The ventral part, appears 
in the form of two diverticula, cranial 
and caudal, from th(! piimitive bile-duct; 
the caudal enlarges to form the head of the 
p-mcrcas, while the cranial atrophies and 
disappears. The duct of the dorsal part 
(duct of Santorini) therefore, opens into the 
duodenum, while that of the ventral piirt 
(duet of Wirsung) terminates with the com¬ 
mon bile-duct. During the si.xth week, in 
consecpience of the rotation of the duo¬ 
denum, the two parts of the pancreas meet 
and fuse, and a communication is ('.stablished 
between their ducts. After this has occurred 
the tenninal part of the duct of Santorini, 
i.e. the part between the duodenum and the point of meeting of tlu! two ducts, 
undergoes little or no enlargement, while the duct of Wirsung increases in size 
and forms the main duct of the gland. The opening of the duct of Santorini 
into the duodenum is sometimes obliterated, and even w'hcn it remains patent it 
IS probable that the whole of the pancreatic secretion is conveyed through the 
dm t of Wirsung. 

At first the pancreas is directed upwards and backwards between the two 
layers of the dorsal mesogastrium which give to it a complete peritoneal invest¬ 
ment, and its surfaces look to the right and left. With the change in the positioji 
of the stomach the dorsal mesogastrium is di-awn downwards and to the left, and 
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the right side of the pancreas is directed backwards and the left forwards. The 
right surface becomes applied to the posterior abdominal wall, and the peritoneum 
which covered it undergoes absorption ; and thus, in the adult, the gland appears 
to he behind the peritoneal cavity. 

The spleen (fig. 211). —Although the spleen belongs to the group of ductless 
glands, its development may be conveniently referred to here. It appears in the 
second month as a localised thickening of the mesoderm in the dorsal meso- 
gastrium above the tail of the pancreas. It grows towards the left side of the 
dorsal mesogastrium, and thus comes into contact with the right surface of the 
stomach. With the change in position of this viscus the spleen is carried to the 
left, and comes to lie bcliind the cardiac part of the stomach and in contact with 
the left kidney. The part of the dorsal mesogastrium which intervened between 
the spleen and the greater curvature of the stomach forms the gastro-splenic 
omentum. 

The Respiratory Organs. —Towards the end of the third week a deep longi¬ 
tudinal furrow (figs. 203 and 201) appears in the ventral wall of the fore-gut, 
commencing at the level of the fourth visceral arch and reaching backwards 
nearly as far as the stomach. It is bounded in front by an elevation termed the 

Fni. 22t).—Diagram of transverse section through rabbit emIiryo. (After Keith.) 
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Jnrcula (pjige 154) and laterally by two ridges. By the union of the posterior parts 
of the two ridges the groove is converted into a tnhe-like diverticulum, which is 
lined by entoderm and grows backwards on the ventral aspect of the msopbagus ; 
from the entoderm the epithelial lining of the entire respiratory tract is developed. 
The uj)per end of this diverticulum is expanded to form the larynx ; the furcula 
is the future ejuglottis, and the upper parts of the lateral ridges constitute the 
aryteuo-cpiglottidcan folds. The thyroid cartilage is developed from the cartilages 
of the fourth and fifth visceral arches, while that of the sixth visceral arch appears 
to be modified to form the cricoid and arytenoid cartilages and the cartilages of 
the tfachea. 

The lower end of the tube-like diverticulum bifurcates into a larger right and 
a smaller left bud, the. right and left lung buds, the stalks of which form the right 
and left bronchi. The right divides into three and the left into two parts; 
these subdivisions are the early indications of the corresponding lobes of thc- 
lungs (fig. 208). The buds undergo further subdivision and ramification, and 
ultimately end in minute expanded extremities—^the infundibula of the lung. 
After the sixth month the air-sacs begin to make their appearance on the 
infundibula in the form of minute pouches. The pulmonary arteries are derived 
from the sixth aortic arches. 
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The Diaphragm and pleurae (figs. 229 and 230).—The following description 
is based on that given by Keith.* The central tendon of the Diaphragm is derived 
from the septum transversum; each half of its muscular portion is developed in 
two parts, viz. : {a) a sterno-costal portion, derived from tKe ventral longitudinal 
musculariirc of the embryonic neck ; and (5) a spinal or vertebral portion, 
arising from the bodies of the vertebrae and arcuate ligaments, and derived from 
the cervical part of the Transvcrsalis. The pleuro-peritoneal opening is closed by 
the approximation of the sterno-costal and vertebral parts ; and the spino-costal 
fibrous hiatus, best seen on the left half of the adult Diaphragm, marks its 
position after closure. Sometimes the opening remains patent, and may allow 
of the formation of a congenital diaphragmatic hernia. 

The formation or separation of the Diaphragm—for at first it forms part of 
the wall of the body-cavity—results from the development of the pleural cavities 

Pro. 230.—The thoracic aspect of the Diaphragm of a newly born diild in which the 
cuinraimicatlon between the peritoneum and pleura has not been closed on the left 
side ; the position of the opening is marked on the right side by the spino-costal hiatus. 
(After Keith.) 



and lungs. The lung buds ap])ear in the cervical region of the embryo, and tiny, 
togethe,r with the parts of the cft'Iorn in which they are contained, undergo a 
rapid development, growdng forwards and outwards into the tissue of the dorsal 
])art of the septum transversum and of the body-wall; within that tissue the 
pleural cavities are excavated. The pleural cavities also develop within the 
body-wall towards the ventral median line, thus separating the pericardium from 
the lateral thoracic wall (see arrows in fig. 229). In this manner the pleural 
cavities are excavated wdthin the body-wall, dorsal to and on each side of the 
pericardiuitj. The formation of the plcnraJ cavities separates an inner layer 
from the veiitro-lateral aspect of the body-wall to form the sterno-costal 
part of the Diaphragm, and also an inner layer from the dorsal aspect of the body- 
wall to form the vertebral part of the Diaijhragm. 


DEVELOPMENT OF THE URINARY AND GENERATIVE ORGANS 

The urinary and generative organs are developed from the intermediate cell- 
mass which is situated between the primitive segments and the lateral plates of 
mesoderm. The permanent organs of the adult are preceded by a set of structures 
which are purely embryonic, and which with the exception of the ducts disappea)* 
iilmost entirely before tlie end of foetal life. These embryonic structures are on 
either side : the pronephros, the mesonephros, the Wolffian and Mullerian ducts. 
The pronephros disappears very early; the structural elements of the 
mesonephros mostly degenerate, but in their place is developed the genital gland 

* Iliman En^ryolog'y and Morphology, by Art.hnr Keitb. JM.D., F.R.O.S., 2n<] edition, 1904. 
Consult also an article on the development of the Diaphragm, by the same author, in 
vol. xxxix. of the Joamal of Anatomy and Phy»iology. 
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in association with wliicli the remains as the duct of the male 

genital gland, the Miillerian as that of the female. 

Ihe Pronephros and Wolffian duct. —In the outer part of the intermediate 
cell-mass, immediatel/ under the ectoderm, a longitudinal cord of cells makes its 
appearance. This cellular cord sinks into the subjacent mesoderm, and, acquiring 
a lumen, constitutes the Wolffian dud,* which passes backwards and opens into 
the ventral part, of the cloaca. 

In front of the duct there are developed a number of tubules which form the 
'pronephros or head-lddney —an early «*mbryonic structure in all vertebrates. This 
consists of a series of traiusvcrse tubules which open into a duct termed the «ro- 
nephric dud ; this duct is continuous posteriorly with the Wolffian duct. Each 
pronephric tubule communicates by means of a funnel-shaped ciliated opening 
with the ca'lomic cavity, and in the course of each duct a glomerulus also is 
developed. The })ronephros undergoes rapid atrophy and practically disappears. 
In the female the remains of it arc probably represented by the hydatids of 
Morgagni at the fimbriated <md of the Fallopian tube ; in the male, by the stalked 
hydatid at the upper end of the testicle. 

Fio. 2.31.—Section of the urogenital area of a chick embryo of the fourth day. 

(Waldeycr.) 
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The Mesonephros, Miillerian duet, and Genital gland. —On the inner side of the 
Wolffian duct a series of tubules, the Wolffian tubules, arc developed. Each tubule 
opens externally into the duct, while its opposite cjid is iuvaginated by a tuft of 
capillary blood-vessels to form a glomerulus. These tubules increase in number, 
iind collectively con.stitute the mesonephros or Wolffian body (figs. 231, 232). 
At the, beginning of the second month this body forms an elongated spindle- 
shaptid structure, which projects into the coelomic cavity at the side of the dorsal 
mesentery, and reaches from the septum transversum in front to the fifth lumbar 
somite behind. The Wolffian body persists and forms the permanent kidney in 
fishes and amphibians, but in reptiles, birds, and mammals it is superseded by 
the rticlmnephros, whicli forms the permanent kidney in these animals. The 
anterior tubules of the Wolffian body become attached to the sexual eminence 
or genital ridge from Avliicli the ovary in the female and the testicle in the male- 
are developed. During the development of the permanent kidneys, the Wolffiaii 
bodies atrophy, and this j)rocess proceeds to a much greater extent in the female 
than in the male. 

• The Wolffian duct is regarded ))y some embryologists as being of ectodermal origin, 
formed by a longitudinal invagination of (he ectoderm which overJies the intermediate cell- 
mass. 
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L) the male the Wolffian duct pdpP^llBM forms the tube of the epididymis, 
the vas deferens, and common ejaoulfljtory. duct, while the seminal vesicle arises 
as a lateral diverticulum from its hinder end. The anterior Wolffian tubules 
form the rcte testis, vasa efferentia, and coni vasculosi of the testicle; while the 
posterior tubules are represented by the vasa aberrantia of the globus minor, and 
by the organ of Giraldcs, which is sometimes found in front of the spermatic cord 
above the globus major (fig. 235, c). 


Kio. 232.—Knlargcd view from the front of the left Wolffian body before the 
establishment of the distinction of sex. (From Farre. after Kobelt.) 



'f, A. r, f/. 'J'ubular stniHuru of tlio Wolfiian both', p. WoIJT-mi fjiu*!. /. Its ii|»p*T extronuty. y. Jt-* termmation 
la a:, the urn^miUil Kinii^. //. 'I'ho ihu't of Mullrr. t. JtK ujipor, oxtremity. It^ cml, 
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Tn tlu; {(male the WoUliaii bodies and duets atrophy. The remains of the 
Wolllian tubules are represented by the epouphoroii or organ of Rosenmuller, 
and the paroophoron, two small <-olleeti()n.s of rndinuMitavy blind tubules which 
are situated in the mesosalpinx (fig. 233). The lowcir part, of the Wolffian duet 
disappears, while, the upper part persists as the funetionless duct of Gartner* 
(tig. 23.5, n.) 


Fifi. 233.—.4didl ovary, jiai'ovariuiri, and Fallopian lube. 
(From Fane, after Kobelt.) 



« JOpooplioroti formeil from the upper part of the Wolffian boily. 6. Uetnains of the uppermost tiihe- “iometimes 
fnrniiiiK hydatide. r. Jliddle set of liihea. (/. .->ome lower atrophied tiihra. e. .Vtropliieil ri'muins of tlie Wohlmii 
diirt. y.'I’he tcrmiiinl bulb or hyilntnl. />. 'I'he l-'allopiau tube, originally the duet of Muller, i. ITvdatiil uttaolied 
to the cMrcniity. /. 'I’heovarv 


The suprarenal bodies are generally regarded as being developed from two 
sources. The medullary part of the organ is of (*.ctoderraal origin, and is derived 
from the tissues forming the syinimthetic ganglia of the abdomen, while the cortical 
portion is of mesodermal origin, and appears to be derived from iiivagisiatioiis 
of that portion of the coolomic epithelium wliicli overlies the Wolffian body. The 

* Berry Hart (np. rii.) Las described the Wolllian ducts as ending at the site of the future 
hymen in bulbous enlargements, whici) he has named the Wolffian bulh»\ and states that the 
hymen is formed by these bulbs, ‘ aided by a special involution frt>m below of the cells lining 
the urogenital sinus.’ He further believes that ‘ the lower third of the vagina is due to the 
coalescence of the upper (lortion of the urogenital sinus and the lower end.s of the Wolftiau 
ducts,’ and that ‘ the epithelial lining of the vagina is derived from the Wolffian bulbs.’ He 
also regards the colliculus scminalis of the male urethra as being formed from the lower part 
01 the Wolffian ducts. 
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two parts are at first quite distinct, but become combined in the process of develop¬ 
ment. The suprarenal bodies are at first larger than the kidneys; about the 
tenth week they equal them in size, and from that time decrease relatively to the 
kidneys, tliough they* remain, throughout foetal life, proportionately much larger 
than in the adult. 

The Mullerian ducts .—Shortly after the formation of the Wolffian ducts a 
-second pair of ducts is developed; these are named the Mullerian ducts. Each 
arises on the outer aspect of the corresponding Wolffian body as a tubular invagi¬ 
nation of the cells lining the coelom (fig. 231). The- orifice of the invagination 
remains patent, and undergoes enlargement and modification to foi-ra the 
abdominal ostium of the Fallopian tube. The ducts pass backwards on the outer 
aspects of the Wolffian bodies, but towards the posterior end of the embryo they 
cross to the inner side of the Wolffian ducts, and thus come to he side by side 
between and behind the latter—the four ducts forming what is termed the genital 
cord (fig. 23J). 

Ultimately, the Mullerian ducts o 2 )en into the ventral part of the cloaca between 
the orifices of the Wolffian ducts, and terminate on an elevation named the 
Mullerian eminence (fig. 234). Berry Hart describes them as ending blindly on 
this eminence. 

Tn the male the Mullerian ducts atroidiy, but traces of their anterior ends are 
represented by the sessile hydatids of the epididymis, while their terminal fused 

portions form the uterus mascuhnus or sinus 
Fm. 2:)4.—Urogenital sinus of female pocularis in th<! floor of the prostatic portion 
Ininian embryo of eight and a half of the urethra (fig. 235, c). 
to nine weeks old. In the female the Mullerian duct.s persist 

XTuVerian (hirtu and UTidergt) further development. The 

j)ortions which lie in the genital cord fuse 
to form the uterus and vagina; the parts 
in front of this cord remain seijarate, and 
each forms the corresponding Fallopian 
tube—the abdominal ostium of which is 
devclo 2 )ed from the anterior extremity ol 
the original tubular invagination from the 
coelom (fig. 235, n). The fusion of the 
Mullerian ducts begins in the third month, 
and the septum formed by their fused mes¬ 
ial walls disappears froiri below upwards, 
and thus the cavities of the vagina 
and uterus are produced. About the 
fifth month an annular constriction marks 
the position of the neck of the uterus, 
and after the sixth month the walls of 
the uterus begin to thicken. The development of the vagina in the manner 
just d(!scribed would necessitate the growth of a septum betwoen it and the urethra ; 
but Wood-Jones (op. cit.) maintains that no such septum exists, and that ‘ th<* 
vagina is, for a great part of foetal life, a solid rod, and not an open canal at all ’ 
(fig. 22-1). He says : ‘ Early in the history of the embryo the Mullerian ducts 
open into the urogenital sinus at its upper part (fig. 223); bite in its history they 
oj)en at the hind-end of the vagina, and for a considerable interval they have 
no opening at all—the old one being lost and the new one not yet formed. Mo 
septal division is employed in this change ; but as the hind-gut, when its cloacal 
opening is lost, re-establishes communication with the exterior by a new dowji- 
growth, so the Mullerian ducts, when their cloacal opening becomes obliterated, 
tunnel »a new passagi; to the liind-end. The active agents in this strange growth 
are two epithelial masses that have been described by Berry Hart as the Wolffian 
bulbs, but to give this name to them is to give a definite idea as to their origin, 
and this seems to be by no means clear.’ 

Genital gland .— The first appearance of the genital gland is essentially 
the same in the tw'o sexes, and consists in a thickening of the epithelial 
layer which lines the peritoneal or body cavity on the inner side of the Wolffian 
ri^e. Beneath this thickened epithelium an increase in the mesoderm takes 
place, forming a distinct projection. This is termed the genital ridge (fig. 23]), 
and from it the testis in the male and the ovary in the female are developed. 
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Fio. 236.—IHagrams to show the devel¬ 
opment of male and female generative 
organs from a common type. (Allen 
Thomson.) 


A.—Diagram of tlie primitive iirogeniLil organs in the 
embryo previous to sexual distinction. 

3, Ureter. 4. Urinary bladder, o, rra<-liu?-. r/. 
O^oacfi. cp. Bluvation whicli tn*ronics t»r poms, 

t. Lower part of the intestluc. In. Void of iiitcguincnt 
from W'hich tlio labia niujora or stTotuin are funned. 
f/if m. liight and left Mullerian ducts unitiug togetlier 
and running with the WuUliun diiHs in f/r, thegemtnl 
cord. of. The genital ridge from wliudi either theoviiii 
or ((‘Slide is funned. i^mus uro^feiiit.ilib. II’. Left 
Wolffian body, tr, tc. lUght and left WoKhan ciiuM**. 



j*..—Jnagrani of the female tyj»o of sexual 
organs. 

V. Gland of JhirtlioUn. fuid iimncdniteU 
.iImivi* it the urethra, er. rt»r]»iis e.i\eni- 
osunt eliioridis. dG. Jleniainb of tlie left 
U’ollliuu duet, suc'ii ns give rise to liie 
du< i of Gartnei. repn^erited Ijv dolb’d 
line-: that of the right side ih imiikrd o. 

'I'ia* abdoiiuiml openmg of tia left 
raIlopiu.li tube. g. Uound ligament, eurre 
sfKmding to i.'ubertiaeulnm. h, Hlualion 
the hymort. i. Lower part of the 
Hitestmr. ?. Lahiuni. «. -Nyiuplm. o. Tim 
lefl ovary, po. I’arovarimu (epooplioron 
of WaMoyer^. .vc. \ liseiilui* biilh or eoijMK 
spoiigioMiiti w. Uterus. Tlie Vallopian 
tube of (lie tight Hide is marked fu. 
r. \ul\a. va. Vagina. M. J^eatlereii 
leniaiiih of Wolllian tubes near jl f[>ar- 
uoi>iioron o( Waldeyer). 



Diagi’aiii of the mah* type of scviifil 
organs. 

C. iJowpcj’s gland of ouc Bide, cp, Corpoia 
«•u^ ertiosa peuia cut. short, c. Caput eiiididymiR. 
7. The guberiiaculura. i. Ijower part of the 
iutestiuo. m. Mhllerlun duct, the upper part 
of which remains as tlie hydatid of Morgagni; 
the lower part, r^resented by a dotted line 
dcsceuding to tiic prostatie vesicle, constitutes 
the occasionally existing cornu and tube of 
the uterus maaculinus. pr. The prostate gland. 
n. Sorotum. sp. Corpus spongiosum uretlirip. 
f. Testicle in tlie t>lacc of its original formn- 
tion. t't together with the dotted lines above, 
indicaieH the direction in which Uiu testicle 
and epididymis descend from the abdomen 
into the scrotum, vd, Vus deferens, vh. A'us 
aberrans. vs. The vesicula semlualiB, ir. 
Scattered remains of the Wolffian body, con* 
btitutlng the organ of GiraldOi^ or the para¬ 
didymis of WaWeyer. 
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Fig. 236.—Transverse section of human 
embryo of eight and a half to nine weeks 
old. (From model by Keibel.) 
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At first tlie Wolffian body and genital ridge are suspended by a common mesentery, 
but as tbe embryo grows the genital ridge gradually becomes pinched off from 
the Wolffian body, with which it'is at first continuous, though it still remains 
connected to the remiiant of this body by a fold of peritoneum, the mesorchinm 

or mesovarium (fig. 236). About the 
seventh week the distinction of se.v 
in the genital ridge begins to be 
perceptible. 

The ovary, thus formed from the 
genital ridge, consists of a central part 
of connective tissue covered by a layer 
of epithelium, the germinal epithelium. 
Between the cells of the germinal 
epithehiim a number of larger cells, 
the primitive ova. are found, and these 
are carried into the subjacent stroma 
by bud-like ingrowths of the germinal 
epithelium, the cells of which surround 
the primitive ova ; in this manner the 
primitive Graafian follicles are fornu'd. 
The j-est of the germinal epithelium on 
the surface of tbe ovary forms the per¬ 
manent epithelial covering of this organ 
(fig. 237). According to Beard the 
primitive ova are early set apart during 
the segmentation of the ovum and 
migrate into the germinal ridge. 
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M'aldeycr taught, and for many years his 
views lla^•(! been accepted, that tlic primitive 
germ-cells are derived from the ‘germinal epithelium’ covering the genital ridge. 
Beard.* on the other hand, maintains that in the skate they arc nut derived from this 
epithelium, but art' probably formed during the later stages of cell-cleavage, before tliert' is 
any trace of an t,‘mbryo ; and a similar view was advanced by Nussbanm as to their origin 
in amphibia. Beard says: ‘ At the elose of segmentation many of the futtire germ-cells 


Fig. 237.—Section of the ovary of a newly born child. (Waldeyer.) 



lie in the segmentation cavity just beneath the site of the future embryo, and there is 
no doubt they subsequently wander into it.’ The germ-cells, ‘ after they enter the re-sting 
phase, are sharply marked off from the cells of the embryo by entire abseniie of mitoses 

Journal of Analomy and riii/siuligy, vol. xxxviii. 
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among thbm.’ They can be further recognised by their irregular form and amceboid 
processes, and by the fact that their cytoplasm h&s no affinity for ordinary stains, but 
assumes a brownish tinge when treated V P®-*” “I®"* <^®®y 

into the embryo is a very definite one—viz. ‘ from the yolk-B|c upwards between the 
splanchnopJeum and gut in the hinder portion of the embryo.’ Ihis pathway, named by 
Heard the germinal ‘ leads them directly to the position which they ought finally 
to take up in the “ germinal ridge ” or nidus.’ A considerable number apparently never 
reach their proper destination, since ‘ vagrant germ-cells are found in all sorts of places, 
but more particularly on the mesentery.’ Some of these may possibly find their way into 
the germinal ridge ; some probably undergo atrophy, while others may persist and liccome 
I lie seat of dermoid tumours. 

The testis is developed in a very similar way to the ovary. Like the ovary, 
in its earliest stages it consists of a central mass of connective tissue covered by 
gemiinal epithelium, among which larger cells, the primitive sperm-cells, arc seen. 
These are carried into the subjacemt stroma by tubes of germinal epithelium, 
which fomi the lining of the seminiferous tnbiiles.-while the primitive sperm- 
cells form the spermatogonia. 'Plie seminiferous tubules become connected with 
iiutgrowths from the Wolffian body, which, as before Tnentionod, form the veto 
testis and vasa cilercntiii. 

Descent of the testes. —The tc'stcs, at an early period of foetal life, are 
filaced at the hack part of the ahdominai cavity, behind the peritoneum and a 
little below the kidneys; their anterior surfaces and sides are invested by peri¬ 
toneum. About the third month of iiitra-uterine life a peculiar strucjture, 
the (juhcrnaculum testis, makes its appearance. This is at first a slende-r band, 
extending from that part of the .skin of the groin which afterwaids forms the 
scrotum through the inguinal canal to the body and epididymis of the testis, 
and thence continued upwards in front of the kidney towards the Diaphragm. 
As dcvc'lopmcut advances, the ])eri<oneinn covering the testis (*ncloses it and 
forms a mesentery, the mesorchimn, which encloses also the gubernaculum and 
iornis two folds, one above the tc'stis and the other below' it. The one above the 
testis is the plica vascularis, and contains ultimately the s})erinatic vessels ; 
the one below, the jiliea gulx’rnairix, contains the, lower }iart of the gubernaculum, 
vvliich has now grown into a thick cord ; it terminates below at the internal ring 
in a tube of peritoneum, the processus vaginalis, W'hich protrudes itself down the 
inguinal canal. The lower part of the gubernaculum by the fifth month lias 
liecume a thick cord, while the upjicr part has disappeared. The lower jiart can 
now be seen to consist of a central core of iinstri})ed muscle-fibre, and outside tliis 
of a firm layer of striped elements, connected, behind the peritoneum, with the 
abdominal w'aJl. As the scrotum develops, the main portion of the lower end of 
the giiberiiaculuiii is carried with the skin to which it is attached to the bottom 
ot this pouch ; other bands are carried to the inner side of the thigh and to the 
perineum. The fold of peritoneum constituting the processus vaginalis projectsitself 
dowiiw ards into the inguinal canal, and emerges at the external abdominal ring, 
pushing before it apart of the Internal oblique and the aponeurosis of the External 
oblique, which form respectively the Cremaster muscle and the external spermatic 
fascia. It forms a gradually elongating pouch or cul-de-sac, which c\'cntually reaches 
the bottom of the scrotum, and behind this the testis is drawm by tlie growth of the 
body of the foetus, for the gubomacuhim does not grow coiumensurately with 
the growth of other parts, and therefore the testis, being attached by the 
gubernaculum to the bottom of the scrotum, is prevented from rising as the body 
grows, and is drawn first into the inguinal canal and eventually into the scrotum. 
It seems certain also that the gii bernacular cord becomes shortened as develop¬ 
ment proceeds, and this assists in camsing the testis to reach the bottom of the 
scrotum. By the eighth month the testis has reached the scrotum, j)recedcd 
by the lengthened pouch of peritoneum, the processus vaginalis, which com¬ 
municates by its upper extremity with the peritoneal cavity. Just before birth 
the upper part of the pouch usually becomes closed, and this obliteration extends 
gradually downwards to within a short distance of the testis. The process of 
peritoneum surrounding the testis is now entirely cut oil from the general 
peritoneal cavity and constitutes the tunica vaginalis.* 


* The obliteration of the process of peritoneum which accompanies the coni, and is hence 
called ihefunimilarpriwcss, is often incomplete. 
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In the female there is also a gubornaculum, which effects a considerable change 
in the position of the ovary, though not so extensive a change as in that of the testis 
in the male. The gubemaculum in the female, as it lies on either side in contact 
with the fundus of the uterus, contracts adhesions to this organ, and thus the 
ovary is prevented from descending below this level. The upper part of the 

gubemaculum, i.e. the part betw'een the 
Fio. 238.—Tail end of human embryo of ovary and the uterus, becomes ultimately 


twenty-fivo to .twenty-nine days old. 
(From model by Keibel.) 
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the round ligament of the ovarj', while 
the lower part, i.e. the part between the 
attachment of the cord to the utems and 
its termination in the labium majus, 
ultimately forms the round ligament of 
the uterus. A pouch of peritoneum 
analogous to the processus vaginalis in 
the male accompaides it along the in¬ 
guinal canal: it is called the cowoZq/'iViicA'. 
In rare cases the gubemaculum may fail 
to contract adhesions to the uterus, and 
then the ovary descends through thtj 
inguinal canal into the labium majus. 
extending down the canal of Nuck, and 
under these circumstances its position 
resembles that of the, testis in the male. 


The Metanephros or Permanent Kidney.—The rudiments of the permanent 
kidneys make their appearance about the end of the first or beginning of the 
second month. Each arises as a diverticulum from the liind-end of the Wolffian 
duct, close to where the latter opens into the cloaca (figs. 238,239). This diverti¬ 
culum grows upvyards and forwards into the posterior part of the intermediate 
cell-mass, where its blind or anterior extremity becomes dilated and subsecjucntlv 
ilividcs into several buds, which 


form the rudiments of the pehis 
and calyces of the kidney. By 
further subdivision it gives rise to 
the collecting tubules of the kidney; 
whether the secretory tubules are 
developed from th(> renal diviirti- 
culum or from the surrounding 
mesoderm is not as yet deter¬ 
mined. The mesoderm around the 
subdivisions of the diverticulum 
becomes condensed to form the 
connective tissue and vessels of 
the kidney. The diverticulum is 
elongated to form the ureter, tlui 
posterior extremity »)f which opens 
at first into the hind-end of the 
Wolffian duct; aftcu' the sixth week 


Flo. 239.—Tail end of liurnan embryo of thirty- 
t«-o lo thirt_\-lhrcc days old. (Fioin model 
by Keibel.) 



it separates from the Wolffian duct, 

and opens independently into the part of the cloaca which ultimately becomes 
the bladder (tig. 2-10). The manner in which this separation is brought about is 
not fully known.* 

The secretory tubules of the kidney become arranged into pyramidal masses 


• ITje separation of the ureter from the Wolffian duct may be brought about by the 
ab.sorptiuii of the hinder end of the latter into the gciiito-nrinary chamber, and by the growtli 
of the wall of Ihis chamber between the openings, Robin.sun (^Prurvedini/t of tlu' Analaiiiical 
Society of Great JiritMin and Ireland, May 1903, psgu Ixiii) states, regarding an embryo of 
about seven necks, that ‘ from the imsterior or lower ojaming of the Wolffian duct a grooved 
ridge, the Wolffian ledge, runs Ciiudally on the wall of the genito-urinary chamber and gradu¬ 
ally disappears at the junction of the Wolffian angle with the body of the chamber. The 
lateral margins of the groove arc continuous anteriorly with the lateral margins of the Wolffian 
duct, and apparently fu.se together to form the ventral wall of the lower part of the duct. 
Obviously, if the lateral margins of the groove were to fuse from before backwards, the aperture 
of the Wolffian duct would be carried further backward in the chamber, and its distance from 
the opening of the ureter increased.’ 
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or lobules, and the lobulated condition of the kidneys exists for some time after 
birth, while traces of it may be found even in the adult. The kidney of the ox 
and many other aninaals remains lobulated throughout life. 

The Urethra.—In the female the urethra is formed from*the upper part of the 
urogenital sinus, viz. that part which lies above the openings of the Wolffian and 
Mullerian ducts. The portion of the sinus below these openings becomes gradually 
shortened, and is ultimately opened out to form the vestibule, and in this manner 
the urethra and vagina come to open separately on the surface. Wood-Jonca 
regards the female urethra as ‘ the cloacal remnant in its simplest form,’ and 
])oints out that it does not remain tubular throughout foetal life, but is for a time 
‘ obliterated more or less completely by the proliferation of the vaginal bulbs.’ 
Developmentally considered, the male urethra consists of two parts : (1) the 
prostatic and nxembranous portions, which are derived from the urogenital sinus, 
and correspond to the whole of the female urethra; (2) the penile portion, which 
is formed by the fusion of the inner genital folds (see below). 

The Prostate Gland originally consists of two separate portions, each of which 
arisoJi as a series of diverticular buds from the epithelial fining of the urogenital 
sinus, between the third and fourth months. These buds become tubular, and 
form the glandular substance of the two lobes, which ultimately meet and fuse 
behind the urethra and also extend on to its ventral aspect. The third or middle 
lobe is formed as an extension 
of the lateral lobes between the 
common ejaculatory ducts and the 
bladder. Skene's duels in the 
female urethra are regarded as 
the homologues of the prostatic 
glands. 

The (/lands of (lowper in the 
male, and of Bartholin in tin' 
female, also arise, as div(*.rticula 
from the epithelial lining of the 
urogenital sinus. 

The Urinary Bladder.- The 
i rigorie. of the bladder is formed 
li-oju the upper part of the 
urogenital sinus (page 161); the 
remainder of the viscus is devel¬ 
oped from the part of the cloaca 
which lies above the sinus (fig. 239). 
rile bladder is at first tubular in 
shape, its canal being continuous 
with that of the alhantois, but 
after tne secimd month its cavity expands to form a sac, from the summit of 
wmich the tube of the allantois extends to the umbilicus; this tube undergoes 
ODlitcrariori to form the fibrous cord of the urachus. In some cases the allantoic 
canal remams patent, and urine may escape by it at the umbilicus. Tf the urethra 
t * i ■ renmant of the cloaca, then the bladder, with the exception 

ot the trigone, must be regarded as being developed by a dilatation of the proximal 
part of the allantois. • 

The External Organs of Generation (fig. 24-1), like the internal, pass during 
neveIopme,nt through an indiflerent stage in which there is no distinction of sex. 
It 18 therefore necessary to describe this stage, and then follow the development 
ot tJic female and male organa respectively. 

As already stated (page 161), the cloacal membrane, which is composed of 
ectoderm and entoderm, originally reaches from the umbilicus to the tail. The 
mesoderm around the cloacal chamber gradually extends between the layers of 
e membrane, stopping short, however, round the margins of the eutodermal 
cloaca, so that the bilaminar cloacal membrane is limited to this part. About 
e fifth week a prominence, the genital tubercle, arises in front of the cloacal 
nemorane, while at the sides the edges of the mesoderm are elevated to form the 
laoio-scrotal or outer genital folds. 

Along the under surface of the genital tubercle the ectoderm is thickened, and at 
e apex of the tubercle projects forwards as an epithelial horn. In this ectodermal 


Fig. 24f*.—Tail end of human embryo, from 
eight and a half to nine weeks old. (From 
model by Keibol.) 
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tliickcning a longitudinal groove, the genital groove, appears, and into its lips 
the mesoderm extends to form tlic inner ijenitnl fohls. After the rupture of the 
cloacal membrane this groove becomes continuous with the urogenital sinus. 
With the formation' of these parts the indifferent stage of the external genital 
organs is reached. 

In the female this stage is largely retained; the lower part of the urogenital 
sinus persists as the vestibule, the genital tubende forms the clitoris, the labio- 
scrotaf folds the labia majors, and the inner genital folds the labia minora. 

Fia. 241.—Stages in the development of tlic cxlornal sexual organs in the male and 
female. (Drawn from the Eekor-Ziegler models.) 
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In th(* male the changes are greater on account of the development of the 
peui e portion ol the urethra. The genital tubercle enlarges to form the corpora 
cavernosa and glans pimis. The lips of the inner genital folds meet and fuse from 
o^ehind forwards to form the penile urethra, the bulb, and the corpus spongiosum. 
Ihe part of the urethral groove on the glans penis is closed independently, and 
the last part of the urethral tube to be completed is that at the junction of the 
glans and body of the penis. If the lips of the groove fail to close, the condition 
knowTi as hypospadias results. 
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The labio-scrotal folds tneet and unite in the middle li'fte to form the scrotum, 
their hue of union being indicated by the median raphe. 

The prepuce is formed l)y the growth of a solid plate of ectoderm into the 
superficial part of the genital tubercle ; on coronal section this plate presents 
the shape of a horseshoe. By the breaking down of its more centrally situated 
cells this plate is split into two lamelhe, and a cutaneous fold, the prepuce, is 
liberated and forms a hood oven- the glaiis. ‘ Adherent prepuc6 is not an adhesion 
really, but a hindered central desquamation ’ (Berry Hart, op. cii.).* 

The homologies of the different parts of the sexual organs may be stated in 
tabular form as follows :— 


IsDiFrEnnxT STi\(tE \ Mai.h 


Pemai-k 


Genital ridg(5 Testis. 


Ovary. 


Wolffian bod\'. 


Wolffian duct . 


Mtillerian ducts 


Genital tubercle 


Urogenital sinus 


Innt'.r genital folds. 


Rete testis, vasa effercutia, 
coni vasculosi. organ of 
Giraldes. 

I 

Canal of epididyn.is. vas 
deferens, common ejacu¬ 
latory duct. Si'iniual 
vesicle. 

Sessile hydatids of epididy- 
mes. Uterus mascailinus. 

Corpora cavernosa and glans 
penis. 

Prostatic and membranous 
parts of urethra. 

Penile urethra, bulb and 
corpii.s spongiosum. 


Labio-scrotal folds Scrotum. 


Epotiphoron or organ of 
Roseniniillcr. Parooph¬ 
oron. 

Hydatid of Morgagni. 
(Duct of Gartner.) 


Fallopian tubes, uterus, 
vagina. 

Clitoris. 

Urethra. Vestibule. 


Labia minora. 


Labia majora. 


J'ni? VOllM OP THR KMBRYO AT DlPx'EP.ENT S’l’A(JES OP ITS (JROWTH 

Fiml TVf'cfc.—During the early part of this ])criod the ovum is in the Fallopian tube. 
Bamig l)ecn fertilised in the upper part ol tlie tube, it slowly passes down, undergoing 
segmentation, and roaches the uterus before the end of the lirst, week. Petersf 
dcscrilwd a 8|»ecimcn, the age of which he reckoned as from tlirec to fourda 3 rs. It was 
imbedded in the decidua on the posterior wall of the uterus and enveloped by a 
decidua eapsularis, the central part of which, however, consisted merely of a layer 
of fibrin. The ovum w'as in the form of a sac, the outer wall of which consisted of a 
layer of trophoblast; inside this was a thin layer of mosoderin composed of round, 
oval, and spindle-shaped cells. Numerous villous proecsstis—some consisting of 
trophoblast only, others possessing a core of mesoderm —projected from the surface 

* Spicer {Joirnial of Amiomy and I’liyuiohyi/, \o\. xliii. 1!)0U) descrilies the prepuce as 
arising in the form of an aiimilar hood of luosoderinal tissue which proceeds forwards within 
the mh»iancc of the gtomnnidivy epUhvimm. ’'I'lie main portion of this hoo<l springs from 
rnesoblaslic tissue considerably posterior to llio cervix glandis, in the form of a crescentic 
swelling or collar, and this creeps forward, burrowing always in the epithelial layers, bridging 
over the groove of the cervix which is filled with epidermal cells, and finall}’ overlaps the body 
of the glans. This hood is the prepuce.’ 

‘The epidermis covering the glans thus becomes divided into tw<j layers: an outer, which 
forms the superficial cxwering of the prepuce, and an inner, which remains as a more or less 
solid layer between the prepuce and the glans until after birth. From it is differentiated a 
basal layer of cubical or cylindrical epithelium to line the inner aspect of the prepuce, ami 
another to cover the surface of the glans, while central desquamat ion ensues later and prejmro.s 
the way for a movable prepuce.’ 

t lUe Einbettunq deg Mengehliohen Eieg. 1899. 

N 
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of the ovum into the surrounding decidua. Inside this sac the rudiment of the 
ejabryo was found in the form of a patch of ectoderm, covered by a small but 
completely closed anmion. It' possessed a minute yolk-sac and was surrounded by 
mesoderm, which wj^ connected by a band to that lining the trophoblast (fig. 123).* 

Pig. 242.—^Human embryo of about fifteen days old. (His.) 


Amnion 


Chorion 

Second Week .—By the end of this week the ovum has increaserl considerably in size, and 
the majority of its villi are vascularised. 'I’iio embrjm has assumed a definite form, 
and its cephalic and candid extremities are easily distinguished. The neural or 
medullary folds are partly united. The embryo is more completely separated from 

Pin. 243. —Human embryo belween eighteen and twenty-one days old. (His.) 


Mitl-braiii 



liodi/slfilk 


the yolk-sac, and the paraxial mesoderm is being divided into the primitive segments 
(fig. 242). 

Third Week .—By the end of the third week the embryo is strongly curved, and the 
primitive segments num her about thirty. The primary divisions of the brain ore visible. 


• IJiycc and Tcai her Derrloiiiiivnl and fmhrddhuj of th- Uunuin Omim, 11)08) hiirc 

descrilied an ovum win’elj thr'V regard as thii-lceii t.o fourteen days old. In it the two vesicles, 
the anmion and yolk-.'iic, were present, but there was no trace of a layer of embryonic 
ectoderm. I’liey are of ojiinion that the ago ol Peters’ ovum has been understated, and 
estimate it as between l.’tj- an<l 14J day.s. 
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And the oonlax and auditory vesicles are formed. Four visceral clefts are present; 
the stomatodeeum is well marked, and the bucco-pharyngeal membrane has dis^ 
appeared. The rudiments of the limbs are seen as short buds, and the Wolffian bodies 
are visible (fig. 243). . • 

Fourth Week .—The embryo is markedly curved on itself, and when viewed in profile 
is almost circular in outline. The cerebral hemispheres apjiear as hollow buds, and 
the elevations which form the rudiments of the pinna are visible. The limbs now 
appear as oval flattened projections (fig. 244). 

Fia. 244.—Human embryo, twenty-seven to tliirty days old. (His.) 

Hriirf 
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Fifth Week .—The cnibryo is less curve<i and the head is relatively of large size. Differen¬ 
tiation of the limlw into their segments occurs. The nose forms a short, flattened 
projection. The genital tiiljcn;lo is evident (fig. 245). 

Sixth Week .—The <!urvattire of the embryo is further diminished. The visceral clefts— 
except the first—have disappcarotl. and the rudiments of the fingers and toes can 
be recognised (fig. 24fi). 


Fro. 24.5.— Human embryo, thirty-one to thirty-four days old. (llis.) 


Heart 
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Sevenih and Eighth Weeks .—^The flexure of the head is gradually reduced and the neck 
is somewhat lengthened. The upper lip is completed and the nose is more prominent. 
The nostrils are directed forwards and the palate is not completely develojxxl. The 
eyelids are prraent in the shape of folds above and below the eye, and the different 
parts of the pinna are distinguishable. By the end of the second month the foetus 
moasm-es from 28 to 30 mm. in length (fig. 247). 

n2 
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Third Month .—Thu head 1 h extendiUlk^ the neck Im lengthened. The eyelids teeet and 
fuse, jemainiiig closed until the end ot the seventh month. The limbs are well devel¬ 
oped and nails appear on the digits. Thfe external organs are so far differentiated 
that it is possible to distinguish the sex. By the end of this month the length of the 
foetus is about 7 cm., but if the legs be included it is from 0 to 10 cm. 

Fourth M(ynth.-^The loop of gut which projected into the umbilical cord is withdrawn 
within the foetus. The hairs berin to make their appearance. There is a general 
increase in size so that by the end of the fourth month the foetus is from 12 to 13 cm. 
in length, but if the legs be included it is from 10 to 20 cm. 

Fifth Month .—It is during this month that the first movements of the foetus are usually 
observed. The eruption of hair on the head commences, and the vernix caaeosa begins 
to be deposited. By the end of this month the total length of the fmtuB, including 
* the legs, is from 25 to 27 cm. 


Fio. 246.—Human embryo of about six wc*ks. Fro. 247.—Human embryo about 
(His.) eight and a half weeks old. (His.) 



Sixth Month .—The body is covered by fine hairs (lanugo) and the de)»osit ot vcmix oaseosa 
is considerable. The papillae of the skin are developed and the free border of the 
nail projects from the corium of the dermis. Measured from vertex to heels, the total 
length of the feutus at the end of this month is from 30 to 32 cm. 

Semith Month .—The pupillary membrane atrojthics and the eyelids reopen. The testis 
l»aK.sps into the vaginal process of the peritoneum. From vertex to heels the total 
length at the end of the seventh month is from 36 to 36 cm., i.e. about 14 in. The 
weight is a little over three pounds. 

Eighth Month .—The skin assumes a pink colour and is now entirely coated with vernix 
caseosa, and the lanugo begins to disappear. Subcutaneous fat has beeti developed 
to a considerable extent, and the foetus presents a plump appearance. The total 
length, i.e. from head to heels, at the end of the eighth month is about 40 cm. (16 in.), 
and the weight varies between and 5^ lbs. 

Ninth Month .—lanugo has largely disappeared from the trunk. The umbilicus is 
almost in the middle of the body and the testes are in the scrotum. At full time 
the fo'tus weighs from 6\ to 8 lbs., and measures from head to heels about 60 cm. 
(20 in.). 
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T he general framework of tin; body is built up mainly of a series of bones, 
supplemented, however, in certain regions by pieces of cartilage ; the 
bony part of the framewoik constitutes the sheletmi. 

In comparative anatomy the term skeleton has a wider appheation, as in 
some of the lower animals liard, protective and supporting structures are 
more extensively distributed, being dc' (doped in association with the integu¬ 
mentary system. In such animals tb(! skeleton may be described as consisting 
of an intc^rnal or deep skeleton, th(‘ cndo'kddmi, and an external or superficial, 
lh(‘ exoshdeton. In the human Bubj(!et the exoskeleton is extrenudy rudi¬ 
mentary, its only important nspresentatives being the teeth and nails. The 
term skeleton is, tberefort!, eonlined to the endoskeleton, and this is divisible into 
an axial part, which includes that of the head and tiunk, and an appendicvlar 
part, A\hich comprises that of the limbs. 

In the skeleton of the adult there are 206 distinct bones, as follows :— 


1 

Vertebral column 

26 


Axial 

Skull . 

22 


Skeleton 

Hyoid bone 

1 


1 

Ribs and sternum 

25 




— 

74 

Appendicular i 

[Upper limbs 

64 


Skeleton 1 

[Lower limbs 

62 





126 

Auditory ossicles. 


6 


Total 


206 


The patella* an? included in this enumeration, but the smaller .sesamoid 
bones are not reckoned. 

Bones are divisible into four classes : Long, Short, Flat, and Irregular. 

Tlic Long bones are found in the limbs, and (>ach consists of a shaft and 
two e.xtremities. The shaft, or diaphysis, is a hollow cylinder, the central 
cavity being termed the nudullary cumil ; the wall consists of dense, compact 
tissue of considerable thickness in the middle part of the shaft, but becoming 
thinner towards the extremities; the cancellous tissue is scanty. The 
extremities are generally expand('d, for the purposes of articulation, and to 
afford broad surfaces for muscular attachment. Tiny arc usually developed 
from separate centres of ossification termed epiphyses, and consist of cancellous 
tissue surrounded by a thin layer of compact bone. The medullary canal and 
the spaces in the cancellous tissue are filled with manow. The long bones 
are not straight, but curved; the curve generally taking place in two planes, 
thus affording greater strength to' the bone. The boncs belonging to this class 
are ; the clavide, humerus, radius, ulna, femur, tibia, fibula, metacarpals, 
metatarsals, and phalanges. 

Short bones. —Where a part of the skeleton is intended for strength and 
compactness combined with limited movement, it is divided into a number 
of small bones, as in the carpus and tarsus. These consist of cancellous tissue 
covered by a thin crust of compact substance. The patdlce, together with the 
other sesamoid bones, are by some regarded as short bones. 

Flat bones.— Where the principal requirement is either extensive pro- ‘ 
tection or the proviiaon of broad surfaces for muscular attachment, the bones 
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are expanded into broad, flat plateaiM^ in the ^oulder-blade. 

These bones are composed of two thin layers tissue enclosing 

between them a variable quantity of cancellous tissue. In the cranial bones, 
the layers of compact tissue are familiarly known as the tables of the skull; 

outer one is thick and tough ; the inner is thin, dense, and brittle, and 
hence is termed the vitreous tame. The intervening cancellous tissue is called 
the diphe, and this, in certain regions of the skull, becomes absorbed so as to 
leave spaces flUed with air {air-sinuses) between the two tables. The flat 
bones are: the occipital, parietal, frontal, nasal, lachrymal, vomer, scapula, 
os innominatum, sternum, ribs, and, according to some, the patella. 

The irreg^ular bones are such as, from their peculiar form, cannot be 
grouped under the preceding heads. They consist of cancellous tissue enclosed 
within a thin layer of compact bone. The irregular bones are : the vertebree, 
sacrum, coccyx, temporal, sphenoid, ethmoid, malar, maxilla, mandible, palate, 
inferior turbinate, and hyoid. 

Surfaces of bones. —If the surface of a bone be examined, certain 
eminences and depressions are seen, to which descriptive anatomists have 
given the following names. 

These eminences and depressions are of two kinds ; articular and non- 
articular. Welbwarked examples of articular eminences are found in the heads 
of the humerus and femur ; and of articular depressions in the glenoid cavity 
of the scapula, and the acetabulum of the os innominatum. Non-articular 
eminences are designated according to tlieir form. Thus, a broad, rough, 
uneven elevation is called a tuberosity, -protuberance, or process ; a small, rough 
prominence, a tubercle ; a sharp, slender, pointed eminence, a spine ; a narrow, 
rough elevation, running sorrus way along the surface, a ridge, crest, or line. 
Nourarticulnr depressions are also of variable form, and are described as fossae, 
pits, depressions, grooves, furrows, fissures, notches, &c. These non-articular 
eminences and dc]»resaions serve to increase the extent of surface for the 
attachment of ligaments and muscles, and are usually well marked in pro¬ 
portion to the muscularity of the subject; the grooves, fissures and notches 
transmit vessels and nerves. 

In describing the various surfaces or aspects of a bone, or indeed of any 
other stnicture, the body is supposed to be in the erect position. Any surface, 
extremity, or other part directed upwards towards the head is termed superior, 
while those; tlirected downwards towards the feet are termed inferior. Surfaces 
directed forwards towards the front of the body are termed anterior or ventral, 
while those directed backwards arc posterior or dorsal. Those surfaces which 
are directed towards a median antcro-posterior vertical plane are termed wirmaf 
or mesial, while those directed away fi-om this plane are external or lateral. 

The minute structure, growth, and composition of bone; are described on 
pages 24 to 34. 


THE VERTEBRAL COLUMN 

'I’he vertebral or spinal column (columna vertebralis) is a flexuous and 
flexible column, formed of a series of bones called vertebrae. 

The vertebrae are thirty-three in number, and are grouped under the 
names cervical, thoracic ot' dorsal, lumbar, sacral, and coccygeal, according to 
the regions they occupy ; seven being found in the cervical region, twelve 
in the thoracic, five in the lumbar, five in the sacral, and four in the coccygeal. 

This number is sometimes increased by an additional vertebra in one 
region, or it may be diminished in one region, the deficiency being supplied 
by an additional A’^ertebra in another. The number of cervical vertebrae is, 
however, very rarely increased or diminished. 

The vertebriB in the upper three regioils of the column remain distinct 
throughout life, and are known as true or movable vertebrae; those of the 
sacral and coccygeal regions, on the other hand, are termed, false or fixed 
vertebras, because they ar<; united in t]ie adult to form two bones—five 
forming the upper bone or sacrum, and four the terminal bone or coccyx. 

With the exception of the first and second cervical, the true or movable 
< vertebrae present certain common characters which are best studied by 
examining one from the middle of the thoracic region. 
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Characters of a Vertebra 

A typical vertebra consists of two essential pax&—viz. an anterior 
segment, the body or centrum (corpus vertebrae), and a posterior part, 
neural arch (arcus vertebrae); these enclose a foramen, the npiruil or vertebral 
foramen (foramen vertebrale). The neural arch consists of a pair of pedicles 
and a pair of laminm, and supports seven processes —viz. four articular (zyg- 
apophyses), two transverse (processus transversi), and one spinous (processus 
spinosus). 

When the vertebrae are articulated with each other the bodies form a 
strong pillar for the support of the head and trunk, and the spinal foramina 
constitute a canal for the protection of the spinal coid, whilst between every 
pair of vertebrae are two apertures, the interv«a±ebi^.4P);smgR (foramina 
intervertebralia), one on. ^thctLSide^ for thp,., ffainsmissipn Qf, tjie. spinal 
ajjd ves sels. Each of these constituent parts must now be considered. 
^"~TKe't>'83y or centrum is the largest part of a vertebra, and is more or less 
cylindrical in shape. Its upper and lower surfaces are flattened and rough, 
and give attachment to the intervertebral fibro-cartilagea, and each presents 
a rim around its circumference. In front, it is convex from >*ide to side and 
concave froiri above downwards. Behind, it is flat from above downwards 
and slightly concave from side to side. Its anterior surface presents a few 
small apertures, for the passage of nutrient vessels; on the posterior 
surface is a single large, 

irregular aperture, or 248.—Sagittal section of a lumbar vertebra, 

occasionally more than 
one, for the exit of veins 
from the bo<ly of the 
vert('bra—the vnuB basis 
wrtrhra:. 

The pedicles are two 
short, thick processes of 
bone, wdiieh project back¬ 
wards, one on either side, 
from tlie upper part of 
tlie body, at the junction 
of its posterior and lateral 
surfaces. Tlie concavities 
abovi' and below the 
pedicles are named the inlerverkbral notches ; and when the vertebrae are 
articulated, the notelies of each contiguous pair of bones form the inter- 
mrtebral foramina, already referred to. 

The laminae are two broad plates directed backwards and inwards from 
the pedicles. They fuse in the middle hne posteriorly, and so complete the 
posterior boundary of the vertebral foramen. Their upimr borders and 
the lower parts of their anterior surfaces are rough for the attachment 
of tlie ligamenta subflava. 

The spinous process is directed backwards and downwards from the 
junction of the laminEC, and serves for the attachment of muscles and ligaments. 

The articular processes, two superior and two inferior, spring from the 
junction of the pedicles and laminae. The superior project upwards, and 
their articular surfaces are directed more or less backwards ; the inferior 

n 'ect downwards, and their surfaces look more or less forwards. 

The transverse processes, two in number, project one at either side from 
the point where the lamina joins the pedicle, between the superior and inferior 
articular processes. They serve for the attachment of muscles and ligaments. 

Structure of a vertebra (fig. 248).—The body is composed of. canorous tissue, 
covered by a thin coating of compact bone; the latter is perforated by numerous 
orifices, some of'^^rge size, for the passage of vessels ; the interior of the bone is 
traversed by one or two large canaK'for the reception of vrins, which converge 
towards a single large, irre^ar aperture, or several small apertures, at the 
posterior part of the body. The arch and processes projecting from it have a», 
thick covering of compact tissue. 
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Gb&vwal Vkbtbbba’ {fig. 249) ' 

JTlie cervical vertebrae (vertebrae cervicales) are the smallest of the tac*^ 
veitebree, and can be readily distingui^ed irora those of the thorwio t>r 
lumbar regions by the presence of a foramen (foramen transversarium) in each 
transverse process. The first, second, and seventh present exceptional featares 
and must be separately described; the following characters are common to 
the remaining four. 

The body is small, and broader from side to side than from before back¬ 
wards. Tlie anterior and posterior surfaces are flattened and of equal depth ; 
the former is placed on a lower level than the latter, and its inferior border 
is prolonged downwards, so as to overlap the upper and fore part of the 
vertebra below. Its upper surface is concave transversely, and presents a 
projecting lip on either side; its lower surface is concave from before back¬ 
wards, convex from side to side, and presents laterally a shallow concavity, 
which receives the corresponding projecting lip of the subjacent vertebra. 
The pedicles arc directed outwards and backw'ards, and are attached to the 
body midway between its upper and lower borders, so that the ^pgrigr 
intcrvertc hrnl no tch is as deep as the inferior,ibut it is, at the same time, 
naSrowCT. The. hmin'ce‘‘£im '^mrrn\V, and lidhn6i‘""'ibove than below ; the 
spinal foramen is large, and of a triangular form. The spinous prcKess is 


Fia. 240.—A w'rvical vertebra. 


Ant riiir tiilmri'le of 
tr'insnwrse procfim ^ 
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arit ri/ 

Foiloric iiihrrrlr of-m>^^ 
trails ersr jirorcss 


i T- 

' -Body 








Transverse prorrss 


Superior fit’livulnr 
proceah 

^Inferior (iritrular 
process 


short and bifid, the two divisions being oftem of unequal size. The superior 
and inferior articular processes of eacli side are-fused to form an articular 
pillar, wliich nroiect s outwards from tlie jun cti on of the p edicle anu laramaT 
The arficuiar lacets are flat and of an oval form : the superior look baelv- 
ward.s, upwards, and sliglilly inwards; the inferior foiAvards, downwards, 
and slight!outwards. The transver^Cu-Joroceascs are each pierced by a 
arium, wliieli, in the upper six ver^ebmT gives passage to 


viwtnhrfli artery and vein an d a plexu s pi syaWS^tneuc nerye^ HiUch 
process consists oi ah anterior^ni(rU'''^'iEenoF*part. Tbe'^anl^nor portion 
is the hornologue of the rib in the thoracic region, and is therefore named-the 

: it arises from the side of the body, is directed 
(ffTfward^i^irontofrii^oramen, and ends in a tubercle, the tuherculum 
anterius. The posterior part, the true transverse process, springs from the 
neural arch behind the foramen, and is directed forwards and outwards; it 
terminates in a tubercle, the iuberculum posterius. These tw'o parts are 
joined, outside the foramen, by a bar of bone which exhibits a deep groove 
(sulcus n. spinalis) on its upjier surface for the passage of the corresponding 
spinal nerve.* 

QhiUBiaig^ac first jtomtod out that the common carotid artery can be4wsily.compresBcd 
against the ahteribr tubercle of the transverse process of the sbrth cervical vCTtehra, and 

• The oostal element of a cervical vertebra not. only includes the portion which springs 
^Tom the side of the body, but the anterior and posterior tubercles and the bar of tone which 
connects them. 
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tWs i» namsd the __ 

MK> constitutes an important guide to the ve 
tuansveraarium of this vertebra. 




1 

e forlHiDei 


The first cervical vertebra (fig. 260) is named the atlas beoau^ 
supports the globe of the head. Its cliief peculiarities are that it has neithei 
body nor spinous process, but is ring-like, and consists of an anterior and a 
posterior arch, and h>Q_, ^eraI masses. Tie anterior arch (arcus anterior) 
forms about one-fifth ofthcrln^TTTBTHftcrior surface is convex, and presents 
at its centre a tubercle (tub er eulum anterius) for the attachment of the 

posteriorly it is (^neav6,'"ilhd"'h1arked l)y a smooth, oval or cireulm 
Seet tm vea dentis) , for articulation with tlie odontoid process of tbe^jf^ 
ffu; uppeT' ftIRll' lUU'er borders respectively give attachment to th^ ant^SEioi 
oecipitu-atlantal and the anterior aUantu-axial ligaments; the former cofihecte 
ft w itn thcoeei|)ital bone" above'7in3 file rAtler with' the axis belo\v. The 
'pof,terior arch forms about two-fifths of the einMimferenco of the ring : it 
teuninaties behind in a tuberck it uberculu m posterius) which is the rudiment of 
.1 spinous' t'lroet^ili^ HlHl lllVWbfigih to the Reetwrgpitis.p Q aj LicuamiiiOT The 
diminutive size of thisiiroeess InW'eBtS" a fly *mf 

bctMeeii the atlas and the cranium. Tlie posterior part of the arch presents 
above and behind a rounded edge foi t 


iiULUly uyiiina each suiierioi' ariicmar process is 
rails), sometimes converted into a foramen by a 




FiCJ. 2r)0—Fust ocivic.ii vcrlobiii, oi Atlas. 
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Hiidimnitan/ \ptiioii\j)ioii‘,\. 


fielicale bony spiculum which aix'hes backwards from (he posterior extremity 
of (he .iU 7 Jerior ar(ieblar process. Thk},4^-£|0\0 »jpEess«»te the auptMaOtC-iobW’- 
\ eitebral no(eli, and Vjrves for the (ransmiiwjijCMi of the artery , which, 

aftlT'aSileir^^g {hW?dgh'‘'®5e Joffirfum in (jie transver^pTofeSTwigus round 
(lie lateral mass in a direction backwards and inwards. jtkJdsaUfiiyjgmiJgU^ 
suboocipital (firgtspmabjjmgjg. On t[)e iinrlQr-Hurf;)<- n oT the oosieriorarc in 
behind facets, arc two shallow grooves.' wiling reorejicnt the 


nr i tic 

atlachmeni. to tbn o55ISior atlantorayiallkament. wMcFconne^tsir-vnth the 
ains: The lateral manses are the most bulky and sohd parts of the atlas, in 
order to support the weight of the head. Each presents an articular facet 
abo\e, and one below. The syperior are nf gjljge^ 

and approach each other in froncj'mitaiverge behind : they are directed 
U]mards, inwards, and a little backwards, e ach forming a cup for th e 
cor r e sppiidi pgr gon dyle of thj..qcpi pital bone, arfd af-radniMBiy adapt^ to 
uTe nodding movcmcints oi the nend. TSTbllnflvquently they are partially sub¬ 
divided by more or less deep indentations which encroach upon their lateral 
margins. The inferior articular facets are circular in fomi, flattened or slightly 
convex and direct^ downwards and inwards, articulating with the axis, and 
permitting the rotatory movements of the head. .Tuat, hnlow (,(>p inn^»^ 
inargin of^mmh mipAwnr|a Pfflalt tttberole. for the attaciinm i^if .jlisi 
i^nsverBe ligarnan?. wT»if»h at.rftfp.hpa octoss file Jnnv of toi^StJas and divides tlia 
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( vertebral foramea into two unequal parts—rthe anterior or smf^lear .ggsaigng 
the odontoid process of the axis, the posterior transmitt^ the spinal 
aim its mejnbranesi This part of the spinal canal is of considerable sizeilsniSh 
er^ter than is requned for the accommodation of the spinal cord, and hence 
lateral displacement of the atlas may occur without compression of this struc¬ 
ture. The tmneverse 'processes are large; they project outwards and down¬ 
wards fr om t he lateral massesrand serve for the attachment of muscles which 





steriolP tubi^les, since t oeaeJiave become fused into one mass ; the foramen 
or the vertebral artery is directed irom below, S¥i<l"Backward8. 

The second cervical vertebra (fig. 251) i s named t he axis or epistropheus 
because it forms the upon which the first vertebra., c'airyni^' 

rotates. The mq^ d istmctivc chaiaoter of this bone is the strong tooth-like 
m^c8Sw^ic^^'nses'^)el^)endTcularIyJEl'6m the upper surfSec of fire 
_ n front than bmiid, and prolonged dowiiwaffls 

anteriorly so mTtfi Overlap the upper and fore palt'of the third verlebrar 

idWlS for Tile attacMii 


fSTii irtnV'nai • iiii dm it 


Wwii»n 

lifirasnt 


IMl I VIA* tVll t'll 


process (dens) exhibits a slight eonstrietion, or neck, where it joins the body. 
On its anterior smface is an oval or neaily circular facet for articulation vilh 

Kii.. 251. Second oeiMcal \Cltebta, oi Vmb. 

Ofloiiioul pnxt 


HoufjJi HU)fixf fn tlxd bqununf 


it tool I fot tmnsui'ii lujUiUtnl - 


Aifuuhn fdni f< I 


'Ui/ttc SurfJ y 


Ltimntx \ \ 


mou\ pun i sa-I 


ij 


*1 riiinucHii jiivi.i'is 

IiiliiiDi iiitii iihn pioioi 


K^'is pdinilt^, ’ aqd 
Below the apCT 
e a rough impres- 
these 

ftPT'^ffie internal 


»^hat on the* antiTioi arth of the atlas.COn the back of the neck, and fioqueiitly 
extending on to ils lateral aspects, i s a l^mllow gioo'vt^ fUf' the transye|sc 

Jamr for the attnohnicni of the la tomlAlo i ntnid^r^lipmi aM t .: these 
ligamenlb connect the odontoid pttOce5S*W'W8* ' 5.fp t g r m^ '' Tr e internal 
structure of the odontoid process is mon* compact than that of the body. 
The pedicles are broad and strong, especially in front, where they coalesce 
with the sides of the body and the root of the odontoid process. T^iey 
are covered aboic by the superior articulating surfaces. The lamince are 
thick and strong, and the spinal foramen larg^, but smaller than that of the 
atl^. processes arn yerv. s'^.^.11. n ot bifid, but t erminating in 

^sjnmetuberde ; eacii is perioratedby the idfamen fUf the vtirtebraTartery, 
wJiicn"' IS' directed obhquelj' upivards and outwards. The superior articiuar 
™fp:/cicefi are lound, slightly convex, directed upwards and outwards, and arc 
•snorted on the body, pedicles, and transverse processes. The inferior 
CbaflsftJA surfaces have the same direction as those of the other cervical 
against the am 

* The 

•roil, the si.h. oforvioal vertebrae. i s '^gry str ong, deeply 

AmnecK them I on its Under surface, and presents a bmof; ttiDerephir extremity 
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fpr^ the jittuchnient of muscles which serve to rotate the head, upon tiie 
sp&e. 

' seventh cervical vertebra (fig. 262).—The mqpt distinctive char* 

^acteristic of this vertebra is the existence of a long and prominent spJnons 
process; hence the name 

Vgrtebra Tliis ^ro- I’lo. 262.—Seventh cervical vertebra, or vertebra 

cess is thick, nearly horizontal prominens. 


SpiHom jDoti'ti 


Vgrtebra wominens- i ms ^ro- i lo. 252 .—Seventh cervical vertebra, or vertebra 
cess is thick, nearly horizontal prominens. 

i^’'tfittjBtiOh,' t iOit •bifa reated, s aefy 

b{il"feritiinatin^n a tuT51W5Sff, 

hgafe tiatum * UUgllgTs attadK^d. . 

'm’e S _ 

of considerable size, tlieirpos-/ \ 

tcrior tubercles are large and! gl x -# ^ \ 

prominent, while the smtwior ; / S/itnai m ^ ^ 

are small and faintly marked ; * foromm, - 

the upper surface of each lias,^ 

UHUiilly a shallow groove, and 

its extremity seldom presc'nts f 

more than a trace of bifuica- ||' ^ 

tion. iThe ^prflmen in the gMLi iff 

feansverse process may bo as J 

J^ge as that in the other BV| 

cervical vcrtebric, hut is t 

generally smaller on one or M ^ 

both sides; oiasaaianiany^itis ■lA 

double, sometimes it is absenf. 

On*’ tTic left side’rt'bccasum- I 

alR^v^B'TB«fflagp‘"ffr'^e* vci - SiHM»n j», 

'Afire ftPduwitly 

^ verfeblSr vein tratttffees it on both sides ; Imt the usual arrangement is for 
both ftftgry andj^fijn tp pass in fiont of the tr.onsverse process, and not thi'ough 
the Toramen.”” Sometimes the anicrior root of the transverse process exists as a 
separate bone, and attains a large size. It is then known as^ p ‘ cervical rib.’ 

Tnoii \uio on Dorsai. ^'krtxrujI!: ' / 

'riic thoracic m dorsal vertebra (vertc'bne Oioracales) (fig. 253) arc 
lutcrnn'diate in size betnoon tliosc of the ctivical and lumbar regions ; 
they mcn'asc in size from above downwuids, the upper vertebrae being 
much smaller than those in the lower part of the region. They are 
distmguislied by the presence of facets on the sides of the bodies for articu¬ 
lation with the heads of the ribs, and facets on th«‘ transverae processes 
of all, except the eleventh and twelfth, for articulation witli the tubercles 
of the ribs. 

The bodies ip the middle of the thoracic region possess a very characteristic 
foup.^, being .heajft-shaped and as broad in antcro-posterior as in the tratiS- 
' ■^1' lb® enda’fif fTie'llloracic region they resemble respectively 

tho^ offEe cervical and lumbar vertebra}. TJu^y ?i.rpi slightly thicker behin d 
t han i 

bem^^ andjUahtJjuMBatMMyhMLiafaiBi^^ front. They present, on either 
siue, two costal demi-lacets, one above, near'TEeTooE of the pedicle, the other 
below, in front of the inferior intervertebral notch ; these are covered with 
cartilage in the recent state, and, when the vertebrae are articulated with one 
another, form, with the intervening intervertebral discs, oval surfaces for 
the^ reception of the heads of the ribs. 
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and below.* 



are practically flat^ and are directed OackwardB and a little^ outwards and 
ubwards. The inferior articular mocessta are fused to a considerable extent 

' 1 ' gSPhi femi^ mgeinyw^ \ r mr 

fOlle'ts are diluted fdPwaros and a little mward8HB«»d»-dowi^^ . The trans¬ 
v erse ^ocesses arise from the same parts of the arch as the posterior roots of 
tne transverae processes in the neck, and are situated behind the superior 
articular processes and pedicles; they are thick, strong, and of considerable 
length, directed obliquely backwards and outwards, and nrcsent s—a 

f^rtaciilftfi^atlto . u . . • 

^xhe first, ninth, tenth, eleventh, and twelfth thoracic vertebra! present certain 
peculiarities, and must be specially considered (fig. 264). 


Fio. 253.—A thoracic vertebra. 



The first thoracic vertebra iiresents, on eitlier side of the.6ocli^, 
an entire articular facet for the head of the fii’st rib, and a demi-facet for 
the upper half of tlu! lioad of tlie second rib. The body is like that of a 
ccvicai vertebra, being broad transversely; its upper surface is concave, and 
lipped on either side. The superior arlicular surfaces are oblique, directed 
upwards and backwards, but not outwards ; the spinous process is thick, 
long, and almost horizontal. The transverse processes are long, and the 
upper intervertebral notches are deeper than in the other vertebrae of this 
series. 

The ninth thoracic vertebra may have no demi-facets below. In some 
subjects, liowever, it has two demi-facets on either side ; Avhen this occurs the 
tenth has demi-facets at the upper part only. 

Tlie tenth thoracic vertebra has (except in the cases just mentioned) an 
entire articular facet on either side, uiiiehis jilaced partly on the outer surface 
of the pedicle*. 

In the eleventh thoracic vertebra the brxly approaches in its form and size 
to that of the lumbar vertebra*. The articular facets for the heads of the ribs, 
one on either “side, are of large size, and placed chiefly on the pedicles, which 

* In quiidi’tjpcds tlie majority of the spinous processes of the thoracic vertebraB project 
iipwimLs and backwards,, while thosi- of the lumbar region are directed upwards ami forwards. 
The change in inclination is effected in one of tiie lower thoracic vertebra, the .spine of which 
points almost, directly ujiwards. This vertebra is known as the anticlinal, and in man its 
representatix e i.s the eleventh thoracic. 
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are thicker and'-^tapcmger in this and the hoxt vertebra than in any other part 
of. the thoracic region. The spinous process is short, and nearly horizontal 
ia direction. Tlie transverse processes arc very short,; tubercular at their 
extremities, and have no articular facets. • 

The twelfth thoracic vertebra has the same general characteristics as the- 
eleventh, but may be distinguished from it by its inferior articular processes 
being convex and turned outwards, like those of the lumbar vertebrae; by 


Fio. 254.—Peculiar thoracic vertebr®. 
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the general form of the body, laminae, and spinous process, ia which it resembles 
the lumbar vertebrae and by the transverse processes being subdivided into 
three elevations, the superior, inferior, and external tubercles; the superior 
and inferior correspond to the mamillary and accessory processes of the 
lumbar vertebrae. Traces of similar elevations are found on the transverse 
processes of the tenth and eleventh thoracic vertebras. 
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Lumbau Vertebra!: 

The lumbar vertebrae (vertebra* lumbales) (fi^s. 265 and 256)^ are the 


largest segments of the movable part of the vcrtebr^ column, said 
distinguished by the absence of a foramen in the tran8v;erae*|)i?6S^B^na^ 

the absence of facete on the sides of the bodj. 

' . 

Fio. 266.—A lumbar vertebra aaen from the side. 

JSStS^ - 

Superior articular process 



The body is large, w ider from side to side tlian from before backwards, and 
a little thicker in front than behind. It is flattened or slightly concave above 
and below, concave behind, and deeply constricted in front and at the sides. 
The pedides are very strong, directed backw'ards from the upper part of the 
body; consequently, the inferior intervertebral notches are of cotisiderable 
> 

Fi(i. 25ft.—A lumbar vertel)ra seen from above and behind. 


depth. The laminos are broad, short, and strong;,the spinal foramm is 
triangular, larger than in the thoracic, but siqaller than in the cervical regiom 
The sj^inom process is thick, broad, and somewhat quadrilateral; it projects 
backwards and' terminates in a TfOiigh, uneven border. The supenor and 
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i]jftriqr articular processes are well dejfinod. proj©otiM.i®8peot^ely ^pwajda 
“ind downward from the junctions of pedicles and laminffi. Xhe farot^ on > 
tili 0 supexiox proc 6 S& 0 ii are concave, apd look backwarps jSlAu ; those on 

tjieinferior are convex,and are directedforwardfl and ontwflCtds. Theforr^^^ 
wider apart ^an the latter, since in tfhe articulated column the inrenor ItfHoular 
^feSSBS^ar^tnhraced'hy tffe su^rior processes of the subjacent vertebra.' 
The transverse processes are long, slender, and directed transversely outward? 
in the upper three lumbar vertebrae; they^incline a little upwards in the 
jowrr two. ^n the upper three vertebrae EKey arise'tfJfth'the junction? of. tht* 
pedicles and the laminae, but in the lower two they are” set further forward ^ 
and arise from the pedicles and posterior pants of the bodies. They are** 
situated in front of the articular processes instead of behind them as in the < 
thoracic vertebras, and arc homologous with the ribs. Of the three tubercle 
noticed in connection with the transverse processes of the lower Ihoracio 
vertebrae, the superior one is ctmiiected in the lumbar region with the* 
bac-k part of the superior articular process, and is named the mamillary 
process ; the inferior is situated at tJio back part of the base of the transverse 
process, and is called the accessory process (fig. 256). Although in man these 
are comparatively small, in some auimah thi'y attain considerable size, and 
serve to lock tlie vc^rtebra* more closely togetJier. Tlio (xtcrnal tubercle 
becomes the transverse ])roeess. 

The fifth lumbar vertebra is eharaeteri&ed by its body being much 
thicker in front than behind, which aecoids vdth the prominence of thi- sacro- 
vcrtebral articulation ; by the smaller size of its spinous process ; by the 
wide interval between the inferior articular proci'sses ; and by the thick¬ 
ness of its transverse processes, uliieh spring from the body as well as from 
the pedicles. 

Sacral and Coccyckal Vertebsas 

Th«‘ sacral and coccygfeal vertebrae consist at an eaily period of life of 
nine sejiarato seaments which are united in the adult, so as to form two bones, 
live entering into the formation of the sacrum, four into that of the coccyx. 
Sometimes the coccyx consists of five bones; occasionally the number is 
reduced to tlirce. 

The Sacrum 

The sacrum (os sacium) is a large, triangular bone, situated in t^fcilower 
part of the vertebral column and at the upjier and back part of the pelvic 
cavity, where it is inserted like a wedge between the two innominate bones; 
its tipper jiart or base articulates with the last lumbar vertebra, its apex with 
the coccyx. T’he sacrum is curved upon itself, and placed Jfery obliquely, 
its base projecting forwards, and forming tlic prominent mero-vertebfal 
''nijr/c when articulated with the last lumbar vertebra; its central part 
lb piojected backwaids, so as to give increased capacity to the pelvic cavity. 
It presents for examination an anterior, a iiosterior, and two lateral surfaces, 
a base, an apex, and a central canal. 

'riie anUrior surjacc (facies pelvina) (fig. 267) is concave from above down¬ 
wards, and slightly so from side to side. In the middle are seen four transverse 
ridges, indicating the original division of the bone into five separate pieces. 
The portions of bone intervemng between the ridges correspond to the bodies 
of the vertebra). The body of the first segment is of large size, and in form 
resembles that of a lumbar vertebra; the succeeding ones diminish from 
above downwards, are flattened from before backwards, and curved so as to 
accommodate themselves to the form of the sacrum, being concave in front, 
convex behind. At the ends of the ridges aiu seen the anterior sacral foramina 
(foramina sacralia antcriora), four in number on either side, somewhat rounded 
in form, diminishing in size from above dow’nwards, and directed outwards 
and forwards : they giy g ^*3dt. to the anterior^ tirimarv iHvisions of th e 
s acral nerves ancKencr^ce ^to tfie iatCT’al saCrai yieriee . jB^ernario^liffle 
foraminals Ine' laileral wa'aj; T jjar? laterabHr 'eonsisEing "of separate* segments 
at an early period of life; in the adult, these become blended with the 
with each other. Ealifa lateral m ass iq ^raye rs^^l^^ ^ four broad, 
shallow .gyooves, which j[odge tne anterior divisions ra tne sacral nerves as 
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(mtwftrds, the grooves'bpin^Beparated by proail|||ii|l^ndgos 
which give ongra to the Fy riformi» 

If a Bagittal section^ made througii the centre of the sacrum (fig 259), 
the bodies aie '.eeil to be umted at their cucumferences by bone, wide 
intervals bomg left centrally which, m the recenj^ state aie filled by the 
mtervertebral disce In some bones this union is more complete between 
the lower than between the upper segments 

The po^tertor surface (facies dorsahs) (fig 258) is convex and narrowei than 
the anterior In the middle line it displays a crest (crista sacralis media) 
surmounted by thiee or foui tubercles, tho rudimentaty spinous processes 
of the upper three oi four sacral vtitcbrse On either side of the spinous pro¬ 
cesses is a shallow groove, the sacral groove, which mves oiigin to the ^ulti- 
ifiH |i».-sping» the floor of the gioove being foimed b^ the united laminae 
ofthecoi 1C spending vertebrae The laminae of the fifth sicral vertebia and 

Pia 257 —Suium, anteiioi suifarc 



•^omctimcstliosc of thr fouith fail to meet behind and tli us a deficiency (hiatus 
j|ayu|^j]^oc(Uis m the iioslciioi wall of the sacral canal On the lateral-^spcCT 
”of the sui il gioo\< IS a linear sciics of tubercles produced by the fusion of 
the aiticuln pioccs'^cs which together foim incbstnut crests (jristce saciales 
articularcs) The niiticuhii ppetssc.^ <,)f the j fi^ i^ , t, aar-m) j/crlfbia, are large ,ind 
oval in shape then lac its are concave bliiii side to side look backw aids and 
inwards and iiticulatc ^itji the tac ets nn. t,lp. mfcunt nroccesse s of the fifth 
li |nibd r Acrlcjbr~ 'llic^ tubciclcs winch iepreBent~nie inferior articular pro 
cesses of flic’^hlth sacral vertebra arc prolonged downwards as rounded pro 
cessps, which are named the sacral cornua (corriua sacral is) and are cormeeted 
to the cornua of the oocc yx External to the artieular inocesses are tho foui 
posterior sacral foramina (foramina sacralia posteriora) they arc smaUei 
in size and less regular in form than the an tenor, and transm it the posterioi^ 
d ivisions cjf thg^fl ft cral nerves On the outikjsido oFTrfi'e" posterior "sacraFfora~ 
nunaxsa s^n^ of tubercles, which represent the transverse processes of the 
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sacral vertebr®, aid form the laterar crests aaorvm (pjrislwi saoisetlee 

laterales). The traaisverse tubercles of the first saoral vertebra •'are of large 
wizo, very distinct, and correspond with the superior anglps of the bone; they, 
together with the transverse Ituberoles of the second vertebra, give attachment 
tn >inrj7.nTital parta of tB^^stejjpL^scjQziliaa Ikaments fithose of tKe 
third vertebra give attachment OT tli^buque fasciculi of the posterior sacro- 
iliue ligaments; and those of the fourth and fifth to the great sacro-aaMtie 
ligaments. 

'The lateral avrfgice, broad above, becomes narrowed into a thin edge below. 
Tli(‘ upper half presents in front a broad, ear-shaped surface for articu¬ 
lation with the ilium.) This is called the auricular surtace (facies auricularis), 
and in the fresh state is coated w’ith fibro-cartilage. Behind It are three deep 
and uneven impressions, for the attachment of the posterior sacro-iliac liga¬ 
ment. The lower half is thin, and terminates in a projection called the inferior 


Fi«J. 25H. —Sacrum, postenoi surlacc. 



lateral armle; internal to this angle is a notch, which is converted into a 
foramen by the transverse process of the upper piece of the coccyx, and trans¬ 
mits the ^tgriox^division of the fifth sacral nerve. The thin lower lialf of the 
lateral surfac^‘0vt*^ atrachmenl io the great and small sacro-setaUc ligaments, je 
and to some fibres of the Gluteus maximus'ibehind, and to the Coccygeus^ 
in front. 

1 . The Intse of the sacrum, which is broad and expanded,' is directed upwards 
and foi’wards. In the middle is seen a large oval'articular surface, the upper 
surfaco of the body of the first sacral vert(‘bra, w'hich is connected w'ith the 
under surface of the body of t^ie last lumbar vertebra by an intervertebral 
disc. Behind it, is the large triangular orifice of tlu* sacral canal, which is 
completed by the laminae and spinous process of the first sacral vertebra. 
I’he supciior articular processes project from it on each side ; they are oval, 
concave, directed backwards and inwards, like the superior articular processes 
of a lumbar vertebra ; in front of each is an intervertebral notch, which forms 

o 
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the lower part of the foramen between the last lumbar and first sacral 
vertebra}. On either side of the body is a broad triangulai- surface, which 
extends outwards,' supports the l^iBoaB luagnus and lumbo-sacraj pordj and 
in the articulated pelvis is continuous witli the iliac fbssa. This^is called 
the ala (aJa, sacralisjit is slightly concave from side to side, convex from 
before'bacKwards, and gives attachment to a few of the fibres of the Iliacus. 

- The posterior part of the ala represents the transverse process, and its anterior 
part the costal process of the firat sacral segment. ■ 

- The apex is directed' downwards and presents an oval facet for articulation 
with the coccyx. 

The spinal canal (fig. 259) runs throughout the greater part of the bone ; 
it is large and triangular in form above; small and flattened from before 
backwards ; below, its posterior waU is incomplete, from the non-development 
of the lamina? and spinous processes. It lodges the sacral nerves, and its walls 

- . are perforated by the anterior and 

Fio. 269.—Sagittal section of the sacrum.. posterior sacral foramina, through 

which these pass out. 

Structure.—The saenun consists of 
cancellous tissue invested externally 
by a thin layer of compact bone. 

Articulations.—The sacrum articu¬ 
lates with four bones ; the last lumbar 
vertebra above, the coccyx below, and 
the innominate bone on either side. 

Differences in the sacrum of 
the male and female. — In the 
female the sacrum is shorter and 
wider than in the male ; the lower 
half forms a greater angle uith the 
upper ; the upper half is nearly 
straight, the lower half pre.senting 
the greatest amount of curvature. 
The bone is also directed more 
obliquely backwards ; this incr(»iKC8 
the size of the ptdvie cavity and 
renders the sacro-vertebral angle 
more prominent. In the male the 
curvature is more evenly distri¬ 
buted over the whole length of the 
bone, and is altogether greater than 
in the female. 

Variations. —The sacrum, in 
some cases, consists of six pieces ; 
occasionally the number is reduced 
to four. Sometimes the uppermost 
transverse tubercles are not joined 
to the rest of the bone on one or 
both sides, or the sacral canal 
may be open throughout a con¬ 
siderable part of its length, in 
consequence of the imperfect development of the laminas and spinous 
processes. The sacrum, also, varies considerably with respect to its degree of 
curvature. 



The Coccyx 


' The coccyx (os coccygis) (fig. 260), so called from having been compared 
to a cuckoo’s beak, is usually formed of four rudimentary vertebra)) the 
number may however be increased to five or diminished to three. In each of 
the first three segments may be traced a rudimentary body, articular and 
transverse processes ; the last piece (sometimes the third) is a mere nodule of 
bone. All the segments are destitute of pedicles, laminae, and spinous 
processes, and, consequently, of intervertebral and spinal foramina. The 
first is the largest; it resembles the lowest sacral vertebra, and often exists as 
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a separate piece j- the last three, diminishing in size from above downwards, 
are usually fused to form a single bone. The gradual diminution m the size 
‘of the segments gives this bone a triangular form, th« base of the triangle 
joining the end of the sacrum. It presents for examination an anterior and 
a posterior surface, two borders, a base, and an apex. The anterior surface 
is slightly concave, and marked with three transverse grooves, indicating 
the linos of junction of the different segments. It gives attachment to the’ 
anterior sacro-coccygeal ligament and Levator ani, and supports the middle 
part of the re<!tum. The 'posterior surface is convejc, marked by transverse 
grooves similar to those on the anterior surface; and presents on either side 
a linear row of tubercles, the rudimentary articular processes of the coccygeal 
vertcbfffi. Of those, the superior pair are large, and aro called the cornua 
coccygea ; they project upwards, and articulate with the cornua of the 
sacrum, and on either side complete the fifth posterior sacral foramen for the 
transmission of the posterior primary division of 

the fifth sacral nerve. The lateral borders are thin, Fia. 260.—Coccyx, 
and exhibit a series of small eminences, which Cornna 

represent the transverse processes of the coccygeal 
vertebrae. Of these, the first is the largest; it is 
flattened from before backwards, and often ascends 
to join the lower part of the thin lateral edge of 
the sacrum, thus completing the fifth anterior sacral 
foramen for the transmission of the anterior primary 
division of the fifth sacral nerve; the others diminish 
in .size from above downwards, and are often want¬ 
ing. The borders of the coccyx are narrow', and 
give attachment on either side to the sacro-sciatic 
ligaments, to the Coccygeus in front of the liga¬ 
ments, and to the Gluteus maximus behind them. 

The base presents an oval surface for articu¬ 
lation with the sacrum. The apex is rounded, and 
has attached to it the tendon of the external 
Sphincter muscle of the anus. It may be bifid, 
and is sometimes deflecited to one or other 
side. 

Ossification of the vertebral column.—Each ver¬ 
tebra is ossified from three primary centres (fig. 261), 
two for the neural arch, and one for the body.* 

Ossification commences in the neural arches of the 
upper cervical vertebrae about the sixth week of footal 
life, and gradually extends down the column. The 
ossific granules first appear in the situations where 
the transverse processes afterwards project, and 
spread backwards to the spine, forwards into the 
pedicles, and outwards into the transverse and articular Posimor surface 

processes. Ossification of the body commences 

about the eighth week in the lower thoracic region, and subsequently extends 
upwards and downwards along the column. At birth these three pieces are 
perfectly separate. The ossific centre for the body does not give rise to the 
whole of the body of the adult vertebra; the postero-lateral portions of the 
body are ossified by extensions from the neural arch centres. The body 
of the vertebra during the first few years of life shows, therefore, two synchon¬ 
droses {neurocentral synchondroses) traversing it along the lines of junction of the 
three centres. In the thoracic region, the facets for the heads of the ribs lie behind 
the neuro-central synchondroses and are ossified from the centres for the neural 
arch. During the first year the larainse become united behind, union taking 
place first in the lumbar region and then extending upwards through the thoracic 
and lower cervical regions. About the third year the bodies of the upper cervical 
vertebra are joined to the arches on either side; in the lower lumbar vertebrae 
the union is not completed until the sixth year. Before puberty, no othrat changes 

* _A vertebra is occasionally found in which the l)ody consists of two lateral portion.s—a 
condition w’hich proves that the body is sometimes ossified from two primary centres, one on 
either side of the middle line. 
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(Xicur. excepting a gradual incrcano in tlic growtli of those^pnraaj^ centres, the 
upper an<l under surfaces of the bodies, and the ends of the transverse and spinotis 
• processes, being cartilaginous. 

Fuj. 201.--Ossilication of a vertebra. 
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About the. sixteenth year (fig. 
262), five secondary centres 
appear, one for the tip of each" 
one foi- the 
extremity oftlTc^uiuouH proces.s, 
and two epiphysial fT.Jates, one 
for the upper and the othe'i /'w 
the lower surface of the body 
(fig. 26.3). These fuse with the 
rest of the bone about the age of 
twpnty-fiv<!. 

Exceptions to this mode of 
development occur in the first, 
seeojid, and seventh cervical 
vc'rtebric, and in those of the 
lumbar region. 

The alias is usually ossified 
from three centres (fig. 2(U). 
Two of these arc destined for 
the lateral masses, the ossifica¬ 
tion of which commences about 
the seventh week of ketal life 
near the .articular processes, and 
exteiuls 1)ackwards; at birth, 
these portions of bone aie 
separated from one aimther 
lu'hind l)y a marrow interval filhsl 
with cartilage. Between the 
third and fourth years they unite 
either directIv or through the* 
medium of a separati' centre 
develoju'd in the cartilage. The 
anterior arch, at birth, is alto¬ 
gether carfdauinous and consists 
of the hypochordal brace or bar 
(s(‘e page 103), which persists in 
the case of this verlebi-.i; in this 
a separate, nucleus a 2 )})ears about 
tlic (iiid of th(i first year after 
birth, and joins the lateral masses 
from the sixth to the eighth year 
• -their lines of union extending 
across the anterior j)ortions of 
the superior aiticular facets. 
Sometimes two nuclei, one on 
either side of the imslian line, 
are developed in the cartilage, 
and join to form a single mass. 
Gccasionally there is no scijtarale 
centre, the anterior arch being 
Ibrmed by the forward extension 
and ultimate junctioii of the 
two lateral nifisses. 

The axis is ossified from five 
primal y and two secondary 
centres (fig. 26.5). The body 
and neural arch arc ossified in 
the same manner as the cone 
spending parts in the other vertebne, viz., one centre for the lower part of the body, 
and two for the neural arch. The centres for tlie neural arch appear about the 
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seventh or eii^th iiMk fetal life, that for the body about the fourth or fifth 
month. The wlontoicrproeess consists originally of an extension upwards of the 
cartilaginous inuss, in which the lower part of the body is formed. About the 
sixth month of f(otal life, two c«!ntres make tlieir appeh,ranee in the base of 
this process : they are placed latei-ally, 

and join before birth to form a conical 2(57.—Ossification of the saciajin. 

Ihk,bed mass deeply cleft above ; the AMU^onnl cn,i,-rs 

interval be.twcon the clelt and the for roniat rlnunifH ■ 

summit of the process is formed by a /- 

wedge-shaped piece of cartilage, tin' 

base of the proce.ss is separated from —'“Ol ) 

the liody by a cartilaginous disc, which It ^ 

graduali}^ becomes ossified at its cir- (( 

cunifcrence, but rmnains cartilaginous 

in its centre until advanced age.* In 

this cartilage, rudiments of the lower 

e])iphysial lamella of the atlas and the 

upper efiipliysial lamella ol the axis may 

somctiines be found. Kinally, as Hum- 

phrv has demonstrated, the apex of tin) - 

odontoid pi’oeess lias a separate centre, I 

whicli apjiears in the second year aial r ^ \ 

joins about llic twellth vt'ar. This is ^ 

tlic upper epijihysial lamella of the atlas. ' i 

In addition to tln'se there is a secondary 
centre for a thin epijihysial plate on 
the under surlaee, of the body ol the 
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Tlie seventh cervical vertebra. Tin- 
anterior or costal part of the transverse 

tiroeess of this vetttbra is soinclimes ,, 

•e 1 r j- 4 I I I'lu. 2(59. 

ossilied from a scjiarate centre winch 

appears about the sixth month ol fo'tal '' 

lile. and joins the laxly and jiosterior __ 

pail ol the tra.nsver.se proee.ss lietween "\ - ■ *’ 

tlie iilth and .sixth years. Occasionally M 

tlie costal jiart jicrsists as a .sejiarate tj'K ' -^ s -- ), J * 

piece, and, lieeoniing lengtliened out- 

wards and forwards, eoustituti's what ~ • 

IS kiioNMi as a eervieal rib. Separate \i 

ossifie e.enti'e.s li.iv*' also been foniid in / 

till'< ostal proee.sses of the fourth, tifth. " jg? Jl 

and ,-ixth cervical vertebra'. 

The lumbar vertebrae (tig. have 
tiro (iJilitionnl centres for the mamillary 
tubereles. The transverse process of the 
first lumbar is sonietime.s di'veloped as 

a separate pieei', which may remain pi'iniaiicnlly uminited ivitli the rest of the 
bone, thus lormiug a luiuhar rib—a peculiarity, liowever, rarely met with. 

Sacrum (figs. 2(57 to 270).— The hoih/ of each sacral vertebra is ossilied from a 
primary centre ami two epipbysial jilates, one for its upper and anothei' for its 
under surface, whilst ea.eh neural arch is ossified from two ee.iitres. 

The anterior portions of the lateral masses have six additional centres, two 
for each of the first three verti'lira;; these rofiresent the costal elements, and 
make their appearance above and to the outer side of tlie anterior .sacral foramina 
(figs. 208 and 269).f 


* ISeu (.’mminghani, Joimi. A/iol., vol. p. 2:-i.S. 

t 'I'he c.xt.n'inhics of the spiimus preec'i.si's of ttie iipjii'v I hree sacral Ncrtebrie are .sonief imes 
■ levelopod from .separate epijiliyses. anil Fawcett {AiintoiiiUrlirr Uanil XXX.. 1U07) 

slates Hint, a nnniiier of epipliy.sial uoiliiles may be seen in the sacaum at the age of eighteen 
years. These arc ilistribiiled as i'ollow>: One tor each of tlie nmniillary jirocosses of the 
first sacral vertebra ; twelve—six on either side—in connection with the costal elements (two 
each for the first and second ami one each for the third and foui-tli) and eight for the 
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On each lateral ^face two epiphysial plates are developed (fig. 269): one for 
the auricular surface, and another for the remaining part of the thin lateral edge 

of the bone. _ , i-r •i: 

Periods of Ossijicaiion .—About the eighth or ninth week of foetal life, ossifica¬ 
tion of the central part of the body of the first sacr.al vertebra commences, and is 
rapidly followed by deposit of ossific matter in the .second and third ; but ossifica¬ 
tion does not commence in the bodies of the lower two segments until between 
the fifth and eighth months of foetal life. Between the sixth and eighth months 
ossification of the neural arches takes place ; and about the Sfime time the costal 
centres for the lateral masses of the first three sacral vertebrae make their ap¬ 
pearance. The junction of the neural arches with the bodies takes place in the 
lower vertebrae as earl}' as the second year, but is not effected in the uppermost 

until the fifth or sixth year. 
About the sixteenth year the 
epiphysial plates for the upper 
and under surfaces of the bodies 
are formed; and between the 
eighteenth and twentieth years, 
those for the lateral surfaces 
make their appe.arance. Th('. 
bodies of the sacral vertebrie 
are, during (saiiy life, separated 
from each other by intervertebral 
discs, but about the eighteenth 
year the two lowest segments become unitcid by bone, and the process of bony 
union gradually extends upwards, with the result that between the twenty-fifth 
and thirtieth years of life all the segments are united. On «‘xamining a sagittal 
section of the sacrum, the situations of the intervertebral discs are indicated l)y 
a series of oval cavitic's (lig. 259). 

Coccyx.—'I'he coccyx is ossilitnl from four centres, one fi)r eiich segment. The 
o.s.sific'iiuclei make; their appearance, in the following order ; in the first segment 
between the linst and fourth years; in the second betwe<ui the fifth and tenth 
years ; in the third betw'een the Icjitli and fifteenth years ; in the fourth Ixitw een 
the fourteenth and twentieth years. As age advances, tin; segments become uniled 
with each other, the union between the first and second segments being frequently 
delayed until after the age of t\vejdy-fivc or thirty. At a laic jauiod of life, 
especially in females, the coccyx is often joined to the sacrum. ■ 


Fia. 270.—Biise 'of young sacrum. 



VekTBBRAL COI.UMN .A.S A \Vjroi.E 

The vertebral column is .situated in the median line, at (he po.slcrior 
part of the trunli ; its average length in the male is about 71 ccnlimctres 
(28 inches). Of this length (ho cervical part m(!asur(“s 12'.5 cm. (.5 in.), tl)e 
thoracic about 28 cm. (11 in.), the lumbar 18 cm. (7 in.), and the sacrum and 
coccyx 12‘5 cm. (5 in.). The female column is about (51 cm. (24 in.) in 
leugl h. 

-Viewed laterally (fig. 271), the vertebral columir presents 8«;vcral 
curves, whicb correspond to the different regions of the column, and are called 
cervical, (lioracic, lumbar, and 2 >olvic. The cervical curve, convex forwards, 
begins .it tlie apex of the odontoid proctvss, and end.s at the middle of the second 
thoracii; vei (el»t a ; it is the least marked of all the curves. The thoracic curve, 
concavi' forwards, begins at the middle of the second and ends at the middle of 
the twelfth tboracie, vei tebra. Its most jirominent point behind corresponds 
to the spine of the seventh thoracic. The lunihar e-urve is more marked in the 
female than in the male ; it begins at the middle of the last tboraeii* vertebra, 
and ends at the. saoro-vei lebral angle. Il is convex anteriorly ; the convexity 
of the lower three vertebrie being much greater tlian tliat of the upper two. 
The pelvic curve begins at the sacro-vertebral articulation, and ends at the 

(/•aii>vei>'«; procC!’.‘'e.'?—foiii on cillii!r siUe--one cacli for the first, t.liird, foiirlli, and fifth, lie' 
IS furtlu'r of opinion that, the lower part of ojiuli l.'iteral surface of the saoruiii is fornicd liy tlie 
<-'xteiision and union of the thiril and fourth ‘cost.al’ and fonri.li and fifth ‘trtuisver.se’ 
epiphyses. 
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point of tho coccyx; its concavity 
is directed down'wards and forwards. 
TJie thoracic and pelvic curves are 
termed primary curves, because they 
alone are present during fcetal life. The 
cervical and lumbar curves are com¬ 
pensatory or secondary, and ai*e de¬ 
veloped after birth, the former when 
the child is able to sit upright and hold 
up its hea<l, the latter when the child 
begins to walk. 

If a body be enveloped in plaster of 
Paris and divided in the median plane 
it will be found, as pointed out by 
Humphry, that a plumb-line dropped 
from the middle of the odontoid pro¬ 
cess of the axis will pass through the 
middle of tlie bodies of the second and 
twelfth thoracic vertebra*, through the 
middle and antero-inferior edge of 1 lie- 
last lumbar, and will bisect aline drawn 
transversely through the heads of the 
thigh bones. It is known from ex- 
jieriment that the line of gravity of 
the head passes through the middle 
of the odontoid process ; it therefore 
follows that this line passes through 
the points of contluetice of the three 
superior curves of the vertebral column 
and through a line joining tho heads of 
the thigh bones, so that the weight of 
tJi(H skull and its contents is directly 
transmitted to the pelvis and lower 
extremities when the bc'dy is in the 
I'rect position. 

'Phe vertebral column has also a 
slight lateral curvature, the conv(*xity 
of which is directed towards the right 
side. This, as Bichat first explained, 
may be produced by muscular action, 
most persons using the right arm in 
preference to the left, especially in 
makir.g long-continued efforts, when the 
body is curved to tho right side. In 
support of this explanation it has been 
found, by Beolard, that in one or two 
individuals who were left-handed, the 
lateral curvature was dire-cted to tho 
left- side. Others regard this curvature 
as being produced by the aortic areh 
and upper part of the descending 
thoracic aorta—a view which is sup¬ 
ported by the fact that in cases where 
the viscera are transposed and the 
aorta is on the right side, the con¬ 
vexity of the lateral curvature is 
directed to the left side. 

Anterior surface .—Viewed from in 
fi’ont, the width of the bodies of the 
vertebrm wiU be seen to increase from 
the second cervical to tho first thoracic; 
there is then a slight diminution in the 
next three vertebrae ; below this there 


Jj'ia. 271.—^Lateral view of the vertebral 
column. 
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is again a gradual and progressive increase in width as low as the sacro- 
vertebral angle. From this point tiiere is a rajhd diminution, fo the apex 
of the coccyx. 

TJic poolerujr mr/acc of the vertebral (iolumn presents in the median line 
tiie spinous processes. Jn the cervical region these are short and Jiorizontal, 
with bifid extrciinities. In the upper part of iJie thoracic legion they are 
directed obliquely ; in (lie middle they are almost vertical, and in the loner 
part tliey are horizontal, with a slight inclination downwards. I’lie spinous 
processes of the lumbar vertebrae are neajiy luirizontal. They art* separated 
by considerable intei-vals in the loins, by narroA\er intervals in the neck, 
and arci closely approximated in Ihe middle of the thoracic region. 
Occasionally one of lliese processes deviates a little from the median line— 
a fact to be remembered in practice, as irregularities of this sort are attendant 
also on fractures t)r disjdacenienis of the xertebral column. On cither side of 
tliesjiinous ])rocesses is the vcrUhntlgroow fornu'd by the luminic in the cervical 
and lumbar regions, wh(T<‘ it is sluillow, and by ih(“ laminae ami transverse 
luocesses in the thoracic region, vhere it is deep and broad; these grooves 
lodge the deep muscles of the back. External to the vei’tcbral groove's an' 
tlui articular processes, and still more cxtenially the t]-ansver,se processes. 
Tu tlu' thoracic J'cgion, tlu' latter ])roc«'Sses stand backwards, on a. j)lane. 
considerably posterior to the same processes in the cervical and lumbar icgions. 
In the cervical n-gion, tlu' traiisvcisi' pioeesscs an' place'd iu front, of tlu' 
articular processes, on the outer sides of tlu' ])cdiel('.s and bctwe'C'ii the intci- 
v€*]'tehral foramina. In the tlunacie regiem they are posterior to the ])e(liclcs, 
intervertebral foramina, and articular processes. In the lumbar n'gion llicy 
are placc'd in front of tlic articular j)rocessi‘s, hut behind tiu' niter\(*rtcbral 
htramina. 

'riic litIrraJ surfaces are s('paratcd from the' posterior l)y th(' artii-ular 
lU'occsses iu tlu' ccrvi(*al and lumbar regions, ami by the transverse processes 
in t he tlu>ra*'ic region. ^I’hese surface's present. in fi'ont, the sides of tlu' borlies 
of tilt' vc'tiehnc, marked hi th(' thoracic legion by the facets for articulation 
with the lu'ads of tlic ribs. Mon' fiostcriorly arc the intervertebral foramina, 
fornu'd by the juxta^iosition of the intcrvi'ilcbral notelu's, oval iu shajtc, 
smallest in the cervical and upper part of the thoracic regions, and graduaily 
increasing in size' te) the' last lumbar. The'y transmit the' sjhna! ni'ives and 
arc situatcfl betwe-en the' transve'rse; jiroee'sst's in the' ccrvie-al region, and in 
front of themi in tlic tiiorae-ie anel lumbar le'gions. 

The /'U.sc of that jiortiem e>f tlm ve'ite'brai e-olumn wliich is made' up of the' 
tvventy-femr movable' vertebric is feirmed by the under surface eif the body eif 
the fifth lumbar venlebra' ; and the' .summit, by tlie' iqiper surface of the eitlas. 

The' vertchrnl or .sjtimil canal folleiws the' diifcrent e'urves eif the' e-eibimn ; 
it is large and triangular in those re'gieins eif the- ceilurnn whie-h eiijeiy the' 
gre'atcst freedom eif meivemcnt, viz. the ne'e-k and loins ; and is small and 
rounde'd in the theiracic region, where' motion is meire limited. 

Surfnri: Ftirm .—Tlie only parts ot tli<' vcrteiliral cohmin wliie'l) arc seiliculannoiis. and 
so elirectly inHucnce the surface iorni, are the apices of the sjimous processes. These 
are etistiiiguishahle at the hottoni ot a furrow', which, more or less evident, I'uns down Ihei 
mesial line of the liaek from the> e'xieriml occipital protulieraneei fo the middle of the 
saermn. In the neck the furrow is broad, and ends below in a conspicuous ])i'oiection 
eausi'fl iiy ibe spinous processes of the .seventh cervical and first thoracic vertebra'. Above 
this the s}uiious process of the sixtii cervical vertebra sometimes forms a projection ; the 
otlu'r eeivieid spinous pi'oees.ses are sunken, hut that of the axis can he felt. In the thoracic 
region the tiirrow is shallow, and during ,stoo])iag disapjiears, and then the spinous prottesses 
become nuire or less visible; the markings produced by tliein are small and close 
together. In the Inmliar region the furrow' is dee)>, and the situation of the spinous 
processes is liequewtly mdw.uted by hUle \)its or depressions, especially when the muscles 
in the loins are will developed. They are much larger and farther apart than in the 
thoracic region. In the sacral region the furrow is shallower, presenting a flattened area 
which ends below at.-tlie most prominent part of the jiostcrioj' surface of the sacrum, 
formed by the sfiinous process of the third saei'al vertebra. At the liottom of the furrow 
the irregular posterior surface of the lame may be felt, and below this, in the deep groove 
leading to the anus, the coccyx. In order to identify any particular spinous jirocess, it is 
customary fo count from the prominence caused by the seventh cervical and first thoracic; of 
these two tht' spinous process of the first thoracic is the more iiromincnt. It is useful, how- 
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ever, trt l)car in min^l that the rootnf Jthe ypine of the aoapula ie on a level with, the,iatetKal 
lltta'fign the spinous processes of the third and fourth thoracic yertebraj and the inferior 
angle wit'll the interval between the seventh and ciglith thoracic ; the higliest point of the , 
crest of the ilium Is on a level with the spinous process of the fpurth lumbar and tlie 
posterior superior spine of the ilium with that of the second sacral. Tlie only other 
portioiw of the vcrtelwal column which can he felt from the surface are the tran.svei'so 
jirocesses of tlneo of the cervical vertebra;—viz. tlu; iirst. the sixth, and tlie seventh. 
That of the atlas can bo felt as a rtiuiidc’d nodule of bone just below and in fi’onl of tlie ajiex 
of tin; mastoid process, at the anterior border of tlic Rtemo-innsf oid. Tlie transverse 
process of the sixth eeri'ieal vertebra is of surgical importance. If deep pressure Ik: made 
in the nock, in the course, of the carotid artery, ojiposite the cricoid cartilage, the promiuont 
anterior tubercle of this jiroeess can be felt. This lias been named Chasmifftwc'ti tubercle, 
and against it the carotid arb'ry may be most i-onvenie.ntly c-onijiressed by the linger. 
The transverse iirooess of the seventh cervical vertebra can be often felt. Sometimes its 
costal pi'oeess is largo and segmented oil’, fonning a cervical rib. 

Applied Awitovu ).—Occasionally the i-oalosceiiee of the lamina.' is not eomi>letcd, and 
consequently a cleft is left in th(' arches of the vertebrie. through which a protrusion of the 
spinal membranes (dura mater and araeluioid), and generally of (lie spinal cord itself, 
takes place, constituting the malforiiiation known as spina bifida. 'I'his condition is 
most common in the luinbo-sacral region, hut it may occur in tin* thoracic or ci'rvical 
region, or the areiics tlirougliouf, the wliole leiiglh of the canal may remain incomplete. 

'I’hc construction of (lie movable part of (iie verteiiral coJiimii o1 a number of pieces, 
securely connected logetlier and enjoying only a slight degree ol movement lietween 
any tno individual jiieces, biii, jiermitling ot a ■ ery eou.si<leral>!e ranae as a whole, allows 
<i suflieiont degree ol molnlily without any material diminution of streiiglli. The many 
joints of uhicli tlie eoliimii i'' eomjio.seil. togetber witli the \er> varii-d movements to 
wliieli it is siilijected, render it liable to spraire ; but, .so clo.seI\ are llii' individual 
verTt'lira' artieidated tliat these sprains aie rarely severe, ami an amount ol violence 
siittieiently great to produce tearing of tlie ligaments would tend rather to cause a dislocation 
or fracture. Tlie further safety ol the column and its .slight liability to injury is provided 
tor 1»y its disposition in curves, instead of in a straight line. For it is an clastic 
tolumn, and must, liend before it breaks; under tliesc eireumstanees, being made up 
ol three curves, it represents three columns, and greater force, is rerpiired to jirochice 
bending of a shoi't eolunm (liau of a longer oiU‘ that is I'qitaJ to it in lireadtli and materiai. 
.Again, tlie .safefy of (lie column is largely provided for by the j)rc.scncc' lictvveen the liodies 
ot tlie inlerverteliral discs, vvliieli act as butb'rs in eoiinteraetiug the effects ot violent jars 
or shocks. 

Frarliire-dislftratio}! of tlie verteiiral column may be caused l»y <lireet oi' indirect 
violetne. Fractures ti-oin indirect violence are (lie more common, ami here the bodies 
of the vertebra- are comjiressed, wliilo tiie arclies ai-e torn asunder; in fracture from 
direct violence, on (lie oilier Jiand, the arches are eom|)reB,sed and the liodies of tlie 
verlebiic Ke|tarated from c'aeli otliei- It will tliej'elore bo seen tliat in liotli elas.ses ot 
injury (lie sjiinal cord is tlie part least likely to lie injured, and may escape damage even 
wbere there has lieen eonsideralilc lesion ot tJie bony tramowork. When a fracture- 
ilisloeation is jiroduced liy iudireot vioJems-. tiie disjilaeement is almost always tlie 
.same; the upper segment being dri'-cn lorwards on the lower, .so that the cord i.s 
compressed between the body of the vertebra below ami the arch of tlic vertebra iiliove. 

IH-en.tes of the Sphte .—Spinal c.aries, or tiilioreulou.s disease aff'ceting the eanceIlou.s 
tissue of the liodics of (lie vertebra', is a very eominon condition. AVlien the liodies. liaving 
lieen ilestroycd. liegin to fall together, the sjiinoiis jiiwesses .arc necessarily (lirowii back¬ 
wards and stand out prominently, especially if tlu' disea.si aU'eiit tlie thoracic region, which 
is most commonly the case. The condition then goes liy tlic name of angular curralnrv. 
an(l great rigidity of the, muscles in the alTcc.tetl region aeooiupanics it. Pressiir«‘, by the 
intlammatory thickenings of tin; disease, is ajit to involve the spinal nerves in the affected 
region, giving rise to peripheral pains, and if the dise.asc lie in tlic lower thoracic v'crtelirie 
the pains are referred to the epigastric or umbilical regions, and often tlie eliief tiling 
complained of is ‘ belly-aeho.’ Chronic a liscess formation in sjiinal caries is very frequent, 
and it nearly a) ways forms in front of tlic vertebral iiodios. A\'lien tlu-disease is in the lower 
thoracic region, the alisccss usually tracks down behind (be Liaiibragm and enters (lie 
psoas sheath, forming the w'cll-knowii /i.w«s absress. which may jirescnt aliove I’oujiart’s 
ligament, or may pass hcncath it into the thigh. In other eases the al)see.ss takes a back¬ 
ward course botwwn the traiisv^eivse pro<‘es,scs and presents as a dorsal or lumbar abscess ; 
if the disease affect the cervical region of the sjiine, a jMst-phari/ngeal abscess results. 

Lnlerul curuttl'iirc of the spine \s a e.c»u\moi\ afteetion. in girls who are outgrowing their 
st length and who sit or stand long at lessons, and is due to the uneven transmission of 
weight down the column. In addition to the lateral displacement of the sjiinous ju-oecsstw 
there is a marked rotation of the bodies of the vi'rtebne, the displacement of which is 
far in excess of that of the spinous processes. When the curve is severe and the hones 
have actually become distorted, the condition is past treatment. 

Kyphosis is an affection in wdiieh there is an increase in the normal thoracic curv^e, 
and is due to bonding forwards of the upper part of the body carrying the weight, of 
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the head. It is seen in rickety children, in rapidly grooving adolesqents. in senile conditions, 
and in certain diseases, such as ostco-arthritis and osteitis deformans. In the senile 
kyphosis often mot with in aged laljourcrs, the head is firmly fixed and bent forwards 
and downwards on to the ches^t, and the spinal column is curved and rigid. The ribs 
are immobiliHod, the chest is flattened antero-postcriorly, and breathing becomes almost 
entirely abdominal. Post-mortem, bony ankylosis of the bgaments and cajwules of the 
intervertebral joints is found, with ossification of the ligamenta subflava, interspinons 
and other ligaments. 

It may l)e noted that in marked oases of spinal deformity the trachea and aorta follow 
closely along the Ifnc of a sjnnal curvatui'c occurring in their vicinity, whereas the 
oesophagus between the tracheal bifurcation and the stomach often passes like a l)Owsti‘ing 
across the concavity of the curve. 

Lordosis, on the other hand, is an exaggeration of the normal lumbar curve, the 
trunk being thrown backwards. This is always a compensatory curve, and is seen in 
any eulargcnie»\t of the abdomen, such as pregnancy or tumours ; but it is more strongly 
markeid in cases of disease of the hip-joint where the latter is permanently retained in a 
flexed ])osition, so that in order to bring the foot down to the ground the pelvis has to 
be tilled forwards, and this is accomplished by an increase of the normal lumbar curve 
forwards. 

Lrimincclomi /.—^The operation of laminectomy is performed in cases of pressure on the 
spinal cord, wbeie the continuity of the nerve-tracts has not been completely desiroyed. 
It (;onsists of cut! ing down on and removing the lamin.T and spinous processes in the affected 
region, so as lo relieve the cord from jwossuro ; but it is u.seless in cases of complete destruc¬ 
tion of the cord Laminectomy is chiclly performed (i) for fracture-dislocation, (ii) for 
localised cord-pressure in cases of spinal caries, the ol)ject here being to remove the lamina- 
against wdiicli the cord is pressed by tlie inflammalory mass ; and (iii) for the removal of 
tumours growing iu.side the sjunal canal .and compressing the cord. If such c.ases be 
taken early, very satisfactory results are obtained. 


THE THORAX 

The sko](‘fon of the. thorax, or chest, is an ossco-cartilagiiious cage, 
containing and protecting flic principal organs of respiration and circulation. 
It is conical in .shape, being narrow above and broad beloav, flattened from 
before backwards, and longer beliind than in front. It is somewliat reniform 
on transverse sec-tion on account of tlic projection of llu^ vertebral b(.>dies into 
the cavity. 

Boundaries. —Tlu“ posterior surface is formed by the twelve tlioracie 
vertebruj and the postei'ior parts of the ribs. It is convex from above down¬ 
wards, and presents on either side; of the middle lijie a deep groove, in conse¬ 
quence of th(! direction backwards and outwards whicdi the ribs take from 
their vertebral extremities to their angles. The anierior surface formed by 
the sternum and costal cartilages is flattened or slightly convex, and incUued 
from above downwards and forw aids. 'J'he lateral surfaces are convex; they 
are formed by Ihe ribs, separated from each other by the irdercostal spaces. 
These spaces are eleven in number, and are occupied by the Intercostal muscles 
and membranes. 

The upper opening of the thorax is renifoi’m in shape, being broader from side 
to side than from before backwards. It i,s formed by the first thoracic vertebra 
behind, the upper margin of the sternum in front, and tlie first rib on either 
side. It slopc.s downwaixls and forwards, -so that the anterior part of the ring is 
on a lower level than ihe posterior. Its antero-posterior diameter is about two, 
and its transverse diameter about four inches. The lower openiug is formed 
by the twelfth thoracic vertebra behind, by the eleventh and twelfth ribs at 
the sides, and in front by the cartilages of the tenth, ninth, eighth, and 
seventh ribs, which ascend on cither side and form an aimle, the subcostal angle, 
into the apex of which theensiform cartilage projects. It is wider transversely 
than from before backwaixls, and slopes obliquely downwards and hackwards. 
The Diaphragm (;loses the lower opening and forms the floor of the thorax. 

The thorax of the female dillers from that of the male as follows: 1. Its 
capacity is less. 2. The sternum is shorter. 3. The upper margin of the 
sternum is on a hivel with the lower part of the body of the third thoracic 
vertebra, whereas in the male it is on a level with the lower part of the body 
of the second. 4. The upper ribs are more movable, and so allow a greater 
enlargement of the upper part of the thorax. 
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The Sternum 

The sternum (figs. 272 and 273) is an elongated, flattened bone, forming 
the middle i)ortion of the anterior wall of the thorax^. Its u^per end supports 
the clavicles and its margins articulate \vith the cartilages of the first seven 
pairs of ribs. It consists of three parts, named from aboVe downwards, tlie 


Fig. 272.—^Anterior surface of sternuiu and costal cartilages. 



numubrimn (presternum), the body or gladiolus (mesosternum), and i\iQi xifhoid 
or ensiform process (metasternum) ; in early life the gladiolus consists of 
four segments or siernehi'OB. In its natural jjosition its inclination is oblique 
from above, downwards and forwards. It is slightly convex in front and 
concave behind; broad above, becoming narrowed at the point where the 
.manubrium joins the gladiolus, after which it again uidens a little, and 
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then rapidly narrows (o its lower ext romity. Its average length in the adult 
is about seven inches, and is rather greater in the male than in the female. 

The pianubriimi (manubrium stcrni) is of a somewhat tWfltdjSSflaMar form, 
broad aimYliick aT>ov(i, narrow below at its juiudion \vith the gladiolus. Its 
aider iorJew face , convex from side to side, concave from above downwards, 
Qs smooth, aiid affords attachment on eitlier side to tire sternal origins of the 
^ctoralis ma jor and Sterno-mastoid miiw.L-s In well-marked bones the 
I'fridgos limiting the attachments of these muscles arc very distinct. Its ' noeterior 
concave and smooth, affords attachment on citlier sidedo the ^rnny 
^rvoKi^ind Stcrno-thy roid^jnu scles. 'I’lie superior harder is the tliiekest and 
i^rcsentsac lls cenTre The nokji (incisura jugularis); on citlitw side* 

*• of the notch is an oya^ iutfcular surface , directed upwards, backwards, and 
outwards, f<,ry rir)iuiih^Hoi] vvit. h thiT^irt^ e nil of the..cla .Yicle. The inferior 
rougli, is cr'vvm^ m a re^ w itli^^Th ioTlave r of car tilat;c, 

(or art iculatio 2 i..with tlie gladiolus, ^h^ejateral Imrders (‘ikm rriiiirkcd iTbovc 

""'^VitJiciirc ss rorrToiniie Tm t’cOS^nia 
KI(1. 273.—Posterior .suil’ace hRow by .CsniflJ CStceL n'hicli, wjlirirsmu^ 
of stcrniini. facet Oil Ih(i uppei'_!mgle of the gl a diolui rtonii? 

^ __ a. ndf cTT Tor fTic reception of the goataj gai tilage 

_ orifiic sccorii f flb 7 Tlfese articulai' surfaccs’iife' 

.S(‘|>arated by a narrow, curved edge, which slopes 
6,ri fi’oin alrovc downwards and inwards. 

§^f3'diolus (^coi pus stcrni), considr'iably 
'* longer, narro\ur7“and thinner than the niami- 

briurii, attains its gi-eatcst Irrcadth close to the 
i jiy i'll W loner end. i-U>..^der{vt^ surJ’are is in mlv Hat . 

V I.', O'- direct ed ujrwai-ds and fo]’warcfs,jj.ji<J niai k cd 1^ 

thicc ^.traji^vcrse rltTges wliicF' cross the bone 
w o^])osite the third', fo'inth, and fifth articular 

depressions.* lt,iil]^chi..a,ttachnieiit on cithr-r 
S side to the sternal or igin of th<‘ iVctoralis niajor. 

VI .At,thjtjunction of the thii'd and foiirtli picc^^s 

if . ^ , V is,occasjoiially seen an oriffee, the sirnuu fard- 

men, of varying ,si7c aiirTfonn. 'J'hc po»;/( nur 
M l:‘ '■ V sjixiucsi, slightly concave, is akso iiiarkctfj^' three 

ll •>, •’ f ttraiLsverse lines, le.ss distinct, howeven-, than 


y/ // i rid 




1 ^' Cdrtihtff 




if cf yn>>% 


L\raii.sverise lines, less tusiinin, ru)\AOvcM\ imui 
those ihTrbntr'it affords attachment bchrw, on 


in''>'',|b oth t'it'’cr side, to .Jthf^jslriaiigglaris ,styi;ni- The 

** 4 “ / harder is pvaT~arjd artieulai< ‘s with th e 

xri yia iiuTijFimn. t ITc iujicTuin of the t wo foinrhrg 

\\w (tn(julus JCnclimpl, (anguliis sterrii). 'Tlui 
inferior border is narrow, and ai’t iculates w ith the 
|r "iih (tnsiform a})])endix. Each- late^rol ho i'dcr^ tii itjs 

W superior angh*, Iras a small facxd. wiiimi wjtb a 

^ similarTacet on the rnanubi’ium, forms a cavity 

3 fortlxf cartikage of the second rib; below this 

' are four angular depressions wliich r<H-eivr‘ the 

cartilages of the third, foiu'th, fifth, and sixth 


I'ibs, w bib- the inferior angle has a small facet, which, tvith a corresponding one on 
the ensiform apjreridix, forms a notch for the cartilage of the sevent h rib. These 
ai'tieulai' depressions are separaltdby aseriesof curved interartieulai' intervals, 
which diminish in hmgth from above downwards, and eorresjrond to the inter- 
(‘ostal spaces. ^sl oi thc.gai’tilages belonj^in^.Jt(i^.th,e .tyge ribs, as will be 
seen from the foregoing d(‘seription, ai’fTtmlafe with the sternum at the lines of 
junction of its primitive eornjronent segments. This is well seen in nrany of 
the lowr.T aivimals where the separate parts of the bone remain ununited 
longer than in man. 

The process .prj. xiphoid a pp endiac (processus xiphoideus) is 

the sjgjalk'st of tTic^tlrrcic piecgjt: j_tJs thin and elongat ed in form, c artilagi nous 


* Paterson (T/ie Jliiiiinn .'t/eruiait., IttOl), wlio uxaniiucd 521 specimens, points out Uiat 
llicsc ridges arc altogether absent in 2C'7 imr cent,; that in G!) per coni, a ridge exists opposite 
the third costal attachment; in liil per eerit. opposite the fourth; and in 1 per cent, only, 
opposite tlie fifth. 




STERNUM 

Fia. 274.—Ossification of the sternum, l)y six centres. 


^6 


Tune 

of 

appearance 



Fig. 27,5. 



Ill 

II inn her of 
cent IT'. 



And ill 
mode of 
union 



Sfci-naJ foramen 



206 


OSTEOLOGY 


in structure in youth, but more or less ossified at ita unpcr part in tlio adult. 
Ite ^iler^or aMf/ac e'^ords attaGhnienlUa-iJbft..fdiQndro-^[ipioid liiramoif| £ ^n,m l 
a sm all part of tliie JRectus. .abdominis; its 'iJ^i^knor'surface, to somcj^f 
t^jfo fibres of tliet lDTSpbragnjL.an(^Sj’riangulari,s sttirni : its lalmd..Jliqrd(rs, 
to the ap oneuroses of the abji^minaJ jni^sgles. Above, it articulates witli OitJ 
lowt^r end of the j^adiolus, and at eacli superior angle presents a facet for the 
lower lialf of the cartilage of the seventh rib ; beloa^Jiy-itg^pomted extremity, 
j^3aY?il.?!!tt9-chment tp. tiio linesLalba. This portion of the sternum varies much 
in form ; itmaybcjirpad and tlim^ pointed, bifid, perforated, eiirve<i-,or 
deflect ed c onsIa^blyjQ. one of^fier side. ^ 

'' Structure. —The stermim is composed "of delicate, highly vascular cancellous 
tissue, covered by a thin layer of compact bone which is thickest in the 
manubrium between the articular facets for the clavicles. 

Ossification. —The cartilaginous sternum originally consists of two bars, 
situated one on either side of the mesial plane and connected with the cartilages 
of the upper nine ribs of its own side. These two bars fuse with each other along 
the middle line and the bone is ossified from six centies: one for the first piece 
or manubrium, four for the second piece or gladiolus, and one lor the eiisiforrn 
process (fig. 274). Up to the middle of foetal life the sternum is entirely carti¬ 
laginous, and when ossification takes place the ossific granules aijg deposited in 
the intervals between the articular dcj)ressions for the costal cartilages, in the 
following order : in the manuhriiim and first piece of the gladiolus, during th(! 
sixth month ; in the second and third pieces of the gladiolus, during tbe seventh 
month ; in its fourth piece, during the first year, or between the first and second 
years ; and in the eusiform process, between the fifth and eighteenth years. The 
centres make their appearance at the upper parts of the Bognients, and proceed 
gradually downwards.’* To these may be added the occasional existence, as 
described by Brcschet, of two small cpisternal centres, which make their appear- 
ancAi one on either side of tlie presternal notches; they are probably vestiges of 
the eiiisternal bone of the. monotreraata and lizards. It occasionally hajipcns that 
some of the segments are formed from more than one centre, the number and 
position of which vary (fig. 276). Thus, the first piece may have two, three, or 
even six centres. When two are present, they are generally situated one above 
the other, the uppesr being the larger ; the second piece has seldom more than 
ope ; the third, fourth, and fifth pieces arc often formed from twm centres placed 
latei'ally, the irregular union of Avhich will serve to explain the rare occurrence! 
of the sternal foramen (fig. 277), or of the vertical fissure which occasionally 
interse^s this part of the bone ; these conditions are further explained by the 
manner in which tbe cartilaginous matrix, in which ossification takes pltice, is 
formed. Ilnion of the various centres of the gladiolus comnicnces about puberty, 
and proceeds from below iipw'ards; by the age of tw(!nty-five they ai-e all united 
(fig. 275). The ensiform process may become joined to the gladiolus before 
the age of thirty, but this occurs more frerjiiently after forty; on the other 
hand, it sometimes remains un united in old age. The mamThnuih' is occasionally 
joined to the gladiolus in advanced lif(! hy bone. When this union takes place, 
however, it is generally only superficial, the central portion of the intervening 
cartilage remaining unossified. 

Articulations. —'The sternum articulates on cither side with the clavicle and 
uppej- scA'en costal cartilages. 

The Ribs - 

The ribs are ela.stic arches of bone, whioh form the chief part of the 
thoracic walls. They are twelve in number on cither side; but this number 
may be increased by the development of a cervical or lumbar rib, or may be 
diminished to eleven. The first seven are connected behind with the vertebral 
column, and m front, through the intervention of the costal cartilages, w'ith the 
sternum; they are called vertebrosternal, or irvhe ribs (costa* versej.f The remain¬ 
ing five are false ribs (costa- spuria?); of those, the first three have their cartilages 

• Out of HI stoma betwean the age.s of birth and sixteen ytjurs, Paterson (np. cit.) found 
the fourth or lowest oentre for the gladiolus present only in thirty-eight cases— i.r. 26-!t per 
cent. 

t Sometimes the eighth rib cartilage articulates with the sternum; this condition occur.s 
more frequently on the right than on the left side. 
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uttachcd to tli« cartilage of the rib above {vcrtebro-ehMdrcd ): the last two <we 
free at their anterior extremilifss and are termed floating or vertebral ribs. The 

Fig. 278.— A central rib of the left side. Inferior aSpeot. 

Non-artirularpart of tubercle 

Articular part of tuhrrde 




tj^MSY 

boraer 


*ribs vary in their direction, the upper ones 
being less oblique than tj|le lower. The 
obliquity reaches its maximum at the 
s,Mal,jroove ninth nb, and gradu^ly decreases from 
that I’lb to the tw'cufth. The ribs are 
situated one below the other in such a 
rnann« r that spaces called intertmtul spaces 
art! left between them. Tlic length'of 
each space corresponds to the lengths of 
the adjacent ribs and their cartilages ; the 
breadth is greater in front than behind, 
and between the upper than the lower 
ribs. ■ The ribs increase in length from 
the first to the seventh, below which thiy 
diminish to the twelfth. In breadth they 
decrease from above downwards ; in the 
upper ten the greatest breadth is at the 
sternal extremity. 

Common characteristics of the ribs 
(figs. 278 and 279). —A rib from the 
middle of the series should be taken in 
order to study the common characters of 
those bones. 

Each rib presents two extremities, a 
posterior or vertebral, an anterior or 
sternal, and an intervening portion—the 
])ody or shaft. 

The posterior or vertebral extremity 

presents for examination a head, neck, 
and tuberosity. Th e Aco tL-feanituluni 
(iostje) is marked by a kidney-shaped 
articular surface, divided by a horizontal 
I'idge (crista capituli) into two facets for 
articulation with the depression formed 
by the junction of the bodies of two con¬ 
tiguous thoracic verttibraB ; the upper facet 
is small, theloMcr of larger size ; the, ridg e 
H«>pn,rn.|,i ny| them serves for tlin attn^meni 

(collum co^a*) is the flattened portion 
which extends outwards from the head; 
it is about an inch long, and is placed 
^ in front of the transverse process of the 

lower of the two vertebrae with which 
tlie head articulates. Its anterior surface. 
aBr is flat and smooth, its posterior rough, 

f»r t.hn of tlie purldW:.casto-j". 

;it, and perforated by numerous lorarama. Uf its two , 
►for presents a rough crest (cris t a ^,, i ^ ^lli taWtliP 
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nf the, ite tnfenor border is 

roandea. On the postorlor suHace at the junction of the neck and shaft, 
and nearer the lower than the upper border, is an eminence— the tube rcle 
ftuberculura costae) ; it (-oriwists nf an nriiciihir anrl pnn-a.rtinii1^TOVt Infi* 




i^ wiiTwLmW^rrSSBB I^ is a rough elevationr anc 
''' BC^li9iLiii OStn~tfai)aiyMi8fiiiigaiH{il]t. Tiie tubercle is much more prominent in 
uieup^rthan in the lower ribs. 

The shaft (corpus costa*) is thin and flat, with two surfaces, an external 
and an internal; and two borders, a superior and an inferior. The external 
surface is convex, smooth, and ^nark ed. .a little in front, ol. the JaiberositVjW a 
ui:oininii)ft (. line, directed oblujufly Trom^abovc dow'hwards and outwujfe; 
ttiia-gj^veB , to a tendon-ofj/ ho Ilio-costahs or of one of its acces- 

20^ portMORnd iS Med th o^wgfi* leint^nlfOositaT .AtlJns piniiTGienr) 
is Dent in tw'o directions, anoaT^WIIflSmc'nme'^Slst^ on its long axis. If 
the rib be laid upon its lower border, it w'ill be seen that the portion of the 
shaft in front of tlie angle rests u]>on this border, and that the portffin beliind 
the angle is Ix'nt inwaids and at the same time tilted upwards; as the rosull 


Flo. 27 !).—\ central rib of (he left side, viewed from behind. 


if* .ar 




^ Demifaret for vnrfrbrn 
--Intcrarliciilar civil 
'Deiiiifdcet foi rerlrhiti 


' Atiiriilar port of liihrirli 

'Stiii-arliculiii pur! of tnhcrclc 


^^ul^o<tlal !/n >ic 




of the twisting, the external surface, behind the angle, looks downw^ards, and 
in front of llu- angle, slightly upwards. The distance between the angle and 
the tuberosity is progressively greater from the seiiond to the tenth ribs. 
The nnrtinn b<‘h\ecn the angle and the luberositv is roundeA rough^nd 


i*w>ajtdnot®P(a»i«?r 



traverse the shaft obliquely from before backwards. The sv.'perior border, 
thick and rounded, is marked by an external and an internal lip, more 













v.''* 
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distinct behind than in front, which 

External and Kitemal interoostah^muscl^ Hie inferior border, thm httd 

'jOttllllllI mliTi I mil ii1 muscle. \ 

Tiie anterior or sternal extremity is flattened, and presents a porohs, 
oval, concave depression, into which the costal cartilage is received- . \ 

Tlie first, 'Second, tenth, eleventh, and twelfth ribs present certain 

t . V ■' 
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Peculiar ribs. 

Fro. 280. 


Fio. 281. 


A Ziffle 

warl'nJ mul 
rlfui*' l(> 
tfihf’rnsiff/ 





Fio. 282. 

Shii/le arfii’ular /tirrt — 


Fia. 283. 

Stii'ile articular facet — 


Fio. 284. 

Single articular facet ' 



variations from the common characters described above, and require special 
consideration. 

The first rib (fig. 280) is the most curved and usually the shortest of all the 
ribs; it is broad and flat, its surfaces looking upwarck and downwards, and 
its borders inwards and outwards. The head is small, rounded, and presents 
only a single articular facet, for articulation with the b^y of the first thoracic 
vertebra. The neck is narrow and rounded. The tvberosity, thick and 
prominent, is placed on the outer border. There is no angle, but at the 
tuberosity the rib is slightly bent, with the convexity of the bend upwards,' “■ 

P 





(tiaberculum scalem [Lisnanci 
"’e anterior groove tr 


I M«jm:iinW¥7r 


■^^hc timer surface is sniootn, and destitute or a sirdbcostal grOftW. 4 lie owmr 
border is convex, thick, and rounded, and at its p osterior p art gives attach- 
the first serration of ' wie ’^^er Is ’ con- 

cave„^hin, and sharp, and marked aboutils cmiMeDy the scalene tubercle. 
'T’he anterior extremity is larger and thicker than that of any of the other 
' ribs. 

TJie second rib (fig. 281) is much longer than the first, but bears a very 
considerable resemblance to it in the direction of its curvature. The non- 
,* articular portion of the tuberosity is occasionally only fcobly marked. The 
anyle is slight, and situated close to the tuberosity. The shaft is not twisted, 
.so that both ends touch any plane surface upon which it may be laid ; but 
there is a bend, with its convexity upwards, similar to, though smaller lhan 
that found in the first rib. I’he shaft is not flattened horizontally like that 
of the first rib. Its fixtertud surface, which is convex, looks upwards and a 


l?eal8ftfiS’' posticus. Tlie inlermil surfitr^ sniooiR^rTml 'cdncave7^*^3ireefed 
UdwfiW.irds'hnd a little inw ards : it prescuits a short a.) >>1 

its posterior part. 

Tlie tenth rib (fig. 282) has only a single articular facet on its head. 

The eleventh and twelfth ribs (figs. 283 and 284) have each a single arti¬ 
cular facet on the head, which is of rather largo size ; they have no necks or 
tuberosities, and are pointed at their (ixtremities. 'I’he eleventh has a slight 
angle and a shallow siibeostal groove. The twelfth has neither, and is much 
shorter than the eleventh, and the head has a little inclination downwards. 
Sometimes the tw'clfth rib is even shorter than the first. 

Structure.—The ribs consist of highly vascular cancellous tissue, enclosed in 
a thin layer of compact bone. 

Ossification.—Each rib, with the exception of the last two, is developed l)y 
three centres; a primary ccutrc for the shaft, and two epiphyses, one for the head and 
orie for the tubercle,. The ch.'veTith and twelfth ribs have only riro centres, that for 
the tubercle being wanting. Ossification begins in the shaft at a very early period, 
before its ajjfjcaranee in the vertebra'. The. epiphysis for the head, of a slightly 
angular shape, and that lor the tubercle, of a lenticular form, make their 
aj)pearance betw'ecn the sixteenth and tw'entieth years, and iire not united to the, 
rest of the bone initil about the, twenty-fifth year. 


Apjilied Anatomy.—Cervical rib.t deri\-ed from the sovciitli cervical vertebra (])age 187) 
are of not infrequent occurrence, and are. important clinically because they- may give 
rise to obscure nervous or vascular symptoms. The cervical rib may be a more epiphysis 
articulating only with the transverse process of the vertebra, but more commonly it 
consists of a defined head, neck and tubercle, with or without a body. It extends 
outwards, or forwards and outwards, into the posterior triangle of the neck, where it 
may Icrminato in a free end or may join the first thoracic rib, tlie first costal cartilage, 
or the sternum.* It varies much in shape, size, direction, and mobility. If it reach 
far enough forwards, part of the bracliial plexus and the subclavian artery and vein cross 
over it, and are apt to suffer compression in so doing. I'ressure on the artery may 
obstruct the circulation so much that arterial thromliosis results, causing gan^-ne of 
the finger-tijis. i^ressurc on the nerves is commoner, and affects the eighth cervical and 
first thorncie mu-ves, causing jiaralysis of the muscles they supply, and neuralgic pains 
and pariestlicsia in the area of skin to which they are distributed ; no ooulo-pupillary 
changes are to be forind. If these symptoms be severe, removal of the rib or as much of 
it as causes pressure on the vessels and nerves is called for. The ofieration is not free 
from difficulty, and has been followed by paralysis of the muscles and by salx'lavian 
aneurysm, duo to injuries inflicted in the course of the oxxsration. 


* W. 'J'horbnm, 2hc JHed, Chronicle, Manchester, 1907, 4th series, xiv., N(u 8. 




COSTAL CARTILAGES 


211 


THA'i^os'mi Cakt^gbs 

The costal cartilages (cartilagines costaleft) (fig. 272) are bars of white, 
hyaline cartilage, which serve to, prolong the ribs forwaiti to the front of the 
chest, and contribute very ,materially to the elasticity of its wails. The first 
seven pairs arc connected'with the sternum; the next three are each articu¬ 
lated with the lower border of the cartilage of the pref'eding rib; the last two 
have pointed extremities,-which end in the walls of the abdomen. Like 
the ribs, the costal cartilages vary in their length, breadth, and direction. 
Tliey increase in length from the first to the sevt'uth, then gradually diminish 
to the last. Their breadth, as well as that of the intervals betwtien them, 
diminishes from th<! first to the last. They arc broad at their attac-hments 
to the ribs, and taper towards their sternal extremities, excepting the first 
two, M'hich are of the same breadth throughout, and the sixth, seventh, and 
eighth, which are enlarged where their margins are in contact. They also 
vary in direction : the first descends a little, the second is horizontal, the third 
ascends slightly, while the others follow the eoui'se of the ribs for a short 
distance, and then ascend to the sb^rnum or preceding cartilage. Each <- 08 tal 
cartilage presents tv\'o surfaces, two borders, and two extremities. The 
nnicrior surface is convex, and looks forwards and upwards ; that of the first 
giv<*s attachmenl to the eosto-cdavieular hganient and the Subelavius muscle ; 
(hat of tlie seeotid, third, fourth, fifth, and sixtli, at tlieir sternal ends, to the 
IVctoralis major.* Tli<> others fire eove.r<‘d by, and give partial attachment 
to, some of tlie Hat juuseles of tlu* abdomen. Tlie posterior surface is 
concave, and direett'd bac-kw.'irds find downwfirds; the; first gives attfichment 
to llie Sterno-thyroid, the tliird to the sixtli inclusive to the 'rriangularis 
sterrii, and tlie six or seven inferior ones to the Traiisversalis abdominis and 
the Difiplwagm. Of (he Uvo borders, the superior is concav'c, the inferior 
convex; they atTord attachment to the Internal inlcrcoslal muscles: the upper 
border of the sixth gives attfichment also to the I’eetoralis major. The con¬ 
tiguous borders of the sixth, seventh, and eightii. and sometimes the riintli 
and tenth, costal eartilages present small, smooth, oblorig-shajied facets at 
the points where they articulate with one another. Of the tu'o extremities, 
the outer one is continuous with the osseous tissue of the I'ib to which it 
belongs. The inner extremity of the first is continuous with the sternum ; 
the six succeeding ones have rounded ends, which arc receii'cd into shallow 
concavities on the lateral margins of the sti'rnum. Tlu* inner extremities of 
the eighth, ninth, and tenth costal cart ilages are pointed, and fire connected 
with the cartilage immediately above. 'J’hose of the eleventh and twelfth are 
free and pointed. 

The costal eartilages are most elastic in youth, those of the false ribs being 
more so than those of the true. In old age they become of a deeji yeUow 
coloui, and are ])rone to undiTgo superficial ossification. 

Surface Form. — The bones of the chest arc to a very consideratile extent covered by 
muscles, 60 that in the strongly developed musinilar subject they are for the most part 
conoealod. Tn the emaciated subject, on the other liand, the ribs, especially in the lower 
and lateral regions, stand out as jirominent ridges with the sunken, intercostal spaces 
between them. 

In the middle line, in front, the suixjrlicitil surface of the sternum cun be felt through¬ 
out its entire length, at the bottom of a deep median furrow, the sternal furrow, situated 
between the Pectoralis major muscles. These muscles overlap the anterior surface 
somewhat, so that the wliole of the sternum in its entire width is not subcutaneous, and 
this overlapping is greater opposite the centre of the hone than above and bidow, so 
that the furrow is wide at its upper and lower part, hut narrow in the middle. The 
centre of the upper border of the sternum constitutes the presternal notch, and is in 
the same horizontal plane as the lower border of the body of the second thoracii; vertebra ; 
the lateral parts of this bolder are obscured by the tendinous origins of the Hterno- 
mastoid muscles, which appear as oblique ten^nous cords, narrowing and deepening 
(he notch. Lower down on the subcutaneous surface a well-defined transverse ridge, the 
angidus Ludovici, is always to Ixs felt. This denotes the line of junction of tho manubrium 
and gladiolus ; it lies at the level of the fifth thoracic vertebra, and is a useful guide to 
the second costal cartilage, and thus to the identity of any given rib. The second rib 
tieing found, through its costal cartilage, it is easy to count downwards and find any 

* '1%B first and seventh in addition occasionally give origin to the same mnscle. 

1-2 
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other. From the middle of the sternum the furrow spreads ont, and, exposing more of 
the surface of the bone, terminates at tire junction of the gladiolus with the ensiform 
cartilage, on the same level as the disc between the ninth and tenth thoracic vertebras. 
Immediately below this is the infraMernal jwrfrJj; between the points of junction of the 
seventli costal cartilages to the sternum, and below the notch is a triangular depression, 
the epigastric fonaa, or pit of the stomach {Hcro))iculus cordis), bounded laterally by the 
cartilages of the seventh ril« ; in it t.he ensiform cartilage can bo felt. Tlie sternum in 
its vertical diameter presents a general convexity forwards, the most prominent point 
of which is at the joint between the raanuhrium and gladiolus. 

On either side of the sternum the costal cartilages and rilw on tiro front of the chest 
are partially obscured by tljo Pectoralis major, through which, however, they can 
be felt as ridges, with jielding intervals botw'ecn them, corresponding to the intercostal 
spaces. Of these spaces, that between the second and third ribs is the widest, the 
next two somewhat narrower, and the remainder, with the exception of the last two, 
comparatively mirrow. 

The hm er border of the Peel oralis major correaponds to the fifth rib, and below 
this, on the front of the chest, the broad, Hat outline of the riba, as they begin to 
asmid, and the more rounded outline of tlie costal carlilages, are often visible. The lower 
boundary of the front of the thorax, the alidomino-flurracic arch, w'hioh is most plaitdy 
seen by bending tbe body bm kwards, is formed by the ensiform (iartilage and the cartilages 
of the seventh, eighth, ninth, and tenth ril)8, and the extremities of the cartilages of 
the eli'vcnth and twelftli ribs. 

On either side of the chest, from the axilla dow'iiwards, the flattened external surfaces • 
of the ribs ma)' be defined in tbe fonn of oblique ridges, separated by dejiressions corre¬ 
sponding to the intereost.il 8]tiM‘es. They are, however, eoveivd by muscles, which, when 
strongly developed, obscure their outline to a certain extent. Nevertheless, Hie ribs, with 
the exception of the first., can gciMually be followed over the front and sides of the chest 
without difiieulty. The first rib. being almost eomplebily (iovered by the elavielc and 
scapula, can only be distinguished in a small {lortion of its extent. At the ba.<‘k, the? lingl(>s 
of the ribs lie on a sliglitly marked obli(|ue line, on either side of and some distance 
from the spinous jiroeesses of the vertehra;. This line diverges somewhat as it di'seends, 
ami external to it is a broad, convex surface, caused by the jirojection of the ribs lieyond 
their angles. Over this surface, except where covered by the sca.piila, the individual 
ribs can be distinguished. 

For clinical purposes ami convenience of diiscription, the surface of the chest lias been 
map()(‘(l out by arbitrary lines into certain definite areas. On the front of tlie chest the 
most important vertical lines are the mid-sternal, which runs down tlie median line of the 
sternum, and the mmnmary, which runs vertically dowTiwanls from a point midway 
between the centre of the jiresterrial notch and the 1ij» of the acromion process. This line, 
if prolonged, will cross Poupart’s ligament at a point midway bcAween the anterior suficrior 
spine of t.he ilium and the symphysis pubis. The lateral area is bounded by two vertical 
lines—that in front, the anterior axiUary line, being drawn from the anterior fold ol 
the axilla ; and that ln'liiml, the jiosfriiur axillary line, from the jawterior fold. Hy some 
this lateral area of llie thorax is further divided by a mid-axillary line, drawn downwards 
from the apex of the axilla. On the posterior asyiect of the thorax the scapular line is 
drawn vertically through the inferior angle of the scaimla. 

Applied Anatomy. —Fractui'e of the sternum is by no means common, owing, no doubt, 
to the elasticity of the ribs and their cartilages which support it like so many springs. 
The fracture usually occurs in the upper half of tlie gladiolus. Dislocation of the gladiolus 
from the manubrium may take place, and is sometimes described as a fracture. 

The bone is frequently the seat of gummatous tumoure and not uiicomraonly is affected 
with caries. 

The ribs are frequently broken, though from their connections and shape they are 
able to withstand great force, yielding under the injury and recovering themselves like 
a spring. The middle ones of the series arc the most liable to fracture. The first and 
to a less extent the second, being protected by the clavicle, are rarely fractured ; and the 
elevcntli and twelfth on account of their loose and floating condition enjoy a like immunity. 
The fracture generally occurs from indirect violence, from forcible compression of the_ 
chest wall, and the bone then gives way at its weakest part, i.e., just in front of the angle. 
But the ribs may also be broken by direid violence, in wliich case the bone is driven 
inwards at the point struck. Jb>acture of the ribs is frequently complicated with some 
injury to the. viscera contained within the thorax or upyicr part of the abdominal cavity ; 
this is most likely to occur in fractures from direct violence. 

Fracture of the costal cartilages or separation of the cartilages from the ribs, may also 
take place, though tliey arc comparatively rare injuries. In workmen the pressure of tools 
may displace the. ensiform cartilage inwards. 

The ribs are frequently the seat of tulierculous disease, with the formation of a chronic 
abscess in the chest wall. This may not immediately overlie the carious portion of rib, 
as the pus is often directed a considerable distance along the subcostal groove before 
appearing beneath the integument. 
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RcBoction of a portio^k-ot a rib ia often, required in order to give efficient drainage to 
an empyema ; this is referred to in the description of the respiratory organs. 

The tkmax is frc(iueiitly found to be altered in shape in certain diseases. 

Tn rickets, the ends of the ribs, where they join the costal cartilages, become enlarged, 
giving rise to’the so-called ‘ rickety rosai'y,’ which in mild cases is only found on the internal 
aspect of tlio chest-wall. Outside these enlargements the softened riba sink in, so as to 
present a groove passing downwards and outwards on either side of the sternum. This 
bone is foi'oed forwards by the bending of the ribs, and the antero-posterior diameter of 
the chest is increased. ITie ril»s from the second to the eighth are the onc« affected, 
the lower ones being prevented from falling in by the presonoe of the liver, stomach, and 
spleen ; and when the abdomen is distended, as it often is in rickets, the lower ribs may 
Ire pushed outwards, causing a transverse groove (Harrison’s sulcus) just above the costal 
arch. This deformity is known under the name of ‘ pigeon-breast,’ and is primarily 
duo to some chronic obstruction to the entry of air into the thorax, though it is more prone 
to occur in the sofUuicd hones of rickety children than in the healthy, where the resistance 
of the thoracic walls is greater. The phthisical chest is often long and narrow, flattened 
from before backwards, and with gnsat obliquity of the ribs and projection of the scapula*. 
Tn pulmonary emphysenia the chest is enlarged in all its diameters, and )>resonlB on section 
an almost circ.ular outline. It has rcccivcsl the name of the ‘ liaaf«4-shaped chest.’ In 
severe cases of lateral riirmtnre of the spine the thorax becomes miush distorted. In 
consecjuence of tin* rotation of the Istdies of t’.'(i vertolum, whidi takes ])laco in this disease, 
the ribs op]josite the corive.’tity of the dorsal curve bec.ome cxt'.reniely convex behind, Ireing 
thrown out and bulging. an<l at the same tim flattened in front, so that the two ends of 
the same rib ar(! almost parallel. Coincident with this the ribs on tho opposite side, on 
tlu! (roiicavity of the curve, are sunk and depress«id behind, and bulging and convex in 
front. 

It it, commonly said that' in tuberculosis of the lungs the chest is characteristically 
‘ flat,' that is to say. that the ratio of its antero-posterior to its transverse diameter is less 
than the normal. Hiit by careful measurement in a large tiunibor of vmes. Woods 
Hutchinson has shown that this is not so. Taking, tho transverse diameter of the 
(diest at the nipple level as = lOt), he tinds that in the; normal adult man between tho 
ag<is of 20 and 44 the anfero-])ost«rior diameter =- 71. In 82 phthisical subjects it 
was = 7t''.'), and in 30 ‘flat-chested’ persons was -- 80. He exidains tho error as an 
optical illusion, due to rolling foiwarcls of the shoulders in the ‘flat-chested’*; tho 
back is seen to Ire cori’cspondingly rounded and })rotulrerant, while the forward 
I>osition of the slictuldors and clavieles lends an ap}waranc<! of flattening to the chest. 

More or less shrinkage of one side of the thorax is often s<!e,n as a consequence of adliesive 
pleurisy, in which the visceral and parietiil ))lourie adluire closely to one another and 
the lung becomes collapsed and fibrosed. If tliis process be at all com])lete. great 
deformity of tho chest results, tho ribs on the affecle<l side falling in, together with oblitera¬ 
tion of the intercostal spaces ; tho coiitoiits of the nie,diitstina are indled over towards the 
affcctf'd side, the other lung becomes emphysematous comiren.saU>rily. The vertebral 
column beecjmcft scoliotic, with flic concavity of the curve towards the allceted side. 


THE SKUl.L 


Tiio skull i« supported on the; simiinit of tlu' vertebral column, and is of an 
oval slia])e, wider behind than in front. It is (uanposed of a .series of Ihittened 
or irregular bones whieb, w'ith om; exception (Hie mandible, or lower jaw), 
,'ire immovably jointed togctlier. It consists of two parts : (J) the cranium, 
wliieli lodgi's and protects the brain and (loinprises eight bones (ossa (u'ariii), 
and (2) the akeleton of the face, which cronsists of fourteen hones (ossa faciei), 
as follows : 


Ossa erunii, 8 bones 


I Occipital. 

I'J’wo Parietals. 

, Two Temporals. 4 ! 
Sphenoid. •' 
Frontal, i 
Ethmoid, f 


tSkull, 22 bones 


\ .Two Nasals. 

Two Lachrynaals. ' ‘ 

Tw'O Maxilla;., >; 

'Ossa faciei, 14 bonesjifjj;® i^c^or Turbina teds. 

Two Malars. ■ 

Vomer. ' *■ 

'Mandible. ■' < 



214 


OSTEOLOGY 


According to the Basle nomenclature, certain bones developed in associa¬ 
tion with the nasal capsule, viz. the inferior turbinateds, the lachrymals, the 
nasals, and the vomer, are grouped as cranial and not as facial bones. 

The Hyoid bone,'situated at the root of tlic tongue and attached to t}ic 
base of the skull by ligaments, has also to be considered in this section. 


OSSA aiANII 

The Occipital Bone 

The occipital bone (os O(^cipitale) (figs. 28.’> and 28tt). situated at the 
back and lower part of the cranium, is trapezoid in shape and much curved 
on it.self. It is pierced by a large <tval aperture, the foramen magnitrn, through 
which the cranial cavity communicates with the vertebral canal. 

The curved, expanded plate behind the foramen magnum is named the 
ipbular or sqrmmrms portion : the thick, somewhat quadrilaf eral piece in front 
of the foramen is called the basilar process, w'hilst that on either .side of the 
foramen constitutes the lateraf or conoylic portion. 


Fig. 285.—Occipital bone. Outer surface. 



The tabular portion (squama oceipifalis), situated above and btshind the 
foi'aiuen magnum, is curved from above downwards and from side to side. 

The exkrnal surface is convex and presents midway between the summit of 
the bone and the foramen magnum a prominence, the inion or external occipital 
protuberance (protuberantia occipitalis externa). Extending outn'ards from 
this on either side are two curved lines, one a little above the other. The 
u])per, often faintly marked, is named the highest curved line (linea nuchae 
suprema) and to it tins epicranial aponeurosis is attached. The loner is termed 
the superior curved line (linea nucdiai superior). That part of the squama 
which lies above the linea* suprem;e is named the planum occipitale,. and is 
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covered by the Ocoipito-frontalis muscle; that below, termed the plawiiin 
nvchah, is rough and irregular for the att^hment of several muscles. From 
the external occipital protuberan(*e a ridge merest (linea nuolja! mediana), often 
faintly marked, descends to the foramen magnum, and afioids attachment to 
the ligamentum nuchse; running outwards from the middle of tin's crest across 
each lialf of the nuchal plane is the inferitir curved line (linea nuchae inferior)' 
Severd muscles are attached to the outer surface of the squama occipitalis, 
thus : the sujxwior curved line gives origin to the Occipito-frontalis and 
Trapezius, and insertion to the Stenio-mastoid and Splenius; into the surface 
between tlie superior and inferior curved lines the Complexus and the Superior 
oblique are inserted, wliilst the inferior curved line and the area below it 
reoeive the insertions of the Recti capitis postiei major and minor. The 


Ii’ia. 286.—Occipital i)Onc. Inner surface. 
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posterior oociprto-atlantal ligament is attached around the postero-lateral part 
of the foramen magnum, just outside the margin of the foramen. 

The int^al surface is deeply concave and divided into four fossie by a 
crucial ridge, the eminemiia cruciakt. 1'lie upper two fossas are triangular and 
lodge the occipital lobes of the cerebrum ; the lower two an: quadrilateral and 
accommodate the hemispheres of the cerebellum. At the point of intersection 
of the four divisions of the crucial ridge is the internal occipital protuheravee 
(protuberantia occipitalis interna). From this eminence the upper division of 
the ridge runs to the superior angle of the bone, and on one side of it (generally 
the right) is a deep ^oove, the mlcus mgittalis, which lodges tlie hinder part of 
the superior longitudinal sinus ; to the margins of this sulcus the falx cerebri is 
attached; The lower division of the crucial ridge is prominent, and is named 
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the crista occipitalis interna ; it bifercates near the foramen magnum and 
gives atiaeliment to the falx cerebeili; in the attached margin of this falx is 
the occipital sinus, .which is sometimes duplicated. Transverse groo\'e8, one 
on either side, extend outwards • from the internal occipital protuberance to 
the lateral angles of the bone ; these grooves accommodate the lateral sinuses, 
and their prominent margins give attachment to tlie tentorium cerebelli. The 
groove on the right side is usually larger than that on the left, and is 
continuous with that for the superior longitudinal sinus. Exceptions to this 
condition are, however, not infrequent; the left may be larger than the right 
or the two may be almost equal in size. The angle of union of the superior 
longitudinal and lateral sinuses is named the Imcu lar Iferophili ,* and its 
position is indicated by a deiwession situated on one or dther side of tlie 
pi'otuberajKie. 

The lateral or condylic portions (jjartes latcrales) are situated at the sides 
of the foramen magnum; on their under surfaces are the condyles for articula¬ 
tion with the superior facets of the atlas. The condyles are oval or reniforra 
in shape, and their anterior extremities, directed forwards and imvnrds, are 
closer together than their posterior, and encroach on the basilar portiori of 
the bone. Their surfaces are convex from before backwards and from side 
(o side, and look downwards and outwards. To their margins are attached 
the capsular ligaments of the occ-ipito-atlantal articulations, and on the inner 
side of eaeli is a rough impression or tubcrchi for the lateral odontoid ligament. 
At the base of each condyle tlui bone is tunnelled by a short canal, the 
arderior condyloid foramen ((sanalis hypoglossi). This commences on the cranial 
surface of the bone immediately above the foramen magnum, and is directed 
outwards and forwards above tlie condyle. It may be paT'tially or completely 
divided into two by a s})iculc of bone; it gives exit to the hypoglossal or 
twelfth cranial nerve, and entrance to a meningeal branch of the as<‘cj]ding 
pharyng('al artery. Behind each condyle is a fossa {fossa condyloidca) whicli 
receives the j)osterior margin of the superior facet of the atlas when th(‘ head 
is bent backwards; the floor of this fossa, is sometimes perforated by a fora itjen, 
the posterior condyloid foramen, through which an emissary vein passes from 
the lateral sinus. Extending outwards from the posterior half of the condyle 
is a quadrilateral plate of bone, the processus jugularis. This process is 
excavated in front by a detq) notch (inc.isura jugularis), which, in the 
articulated skull, forms the postciior part of the Jugular foramen; this notch 
may be divided into two by a bony spicuile, the processus inlrajugular is, which 
projects outv'ards above the anterior condyloid foramen. The under surface 
of the processus jugularis is rough, and gives attachment to the Jle(!tus eajjitis 
lahiralis muscle and tiu; lateral occipito-atlantal ligament; from this surfa<!e 
an eminence, the paramastoid ytrocess, sometimes projects downwards, and may 
be of sufficient length to reach, and articulate with, the tran.svcrse process of 
the atlas. External^ the processus jugularis presents a rough quadrilateral 
or triangular area which is joined to the jugular surface f)f the. temporal bone 
by a plate of cartilage; after the age of twejity-fivc this plate tends to 
become ossified. 

The tipper surface of the lateral part presents an oval eraincnce, the 
tuherculum jugulare, whiiih overlies the canalis hypoglossi and is sometimes 
cro,ssed by an oblique- groove for the ninth, tenth, and eleventh cranial nciacs. 
On the upper surface of the procsessus jugularis is a deep groove which curves 
inwards and forwards and is continuous with the notch on the anterior surface. 
This groove lodges the terminal part of the lateral sinus, and opening into it, 
close to its inner margin, is the orifice of the posterior coridyloid foramen. 

The basilar process (pars basilaris) extends forwards and upwards from 
the foramen magnum, .and jiresents in front an area more or less quadrilateral 
in outline. In the young skull this area is rough and uneven, and is joined to 
the body of the sphenoid by a plate of cartilage. By the twenty-fifth year 
this cartilaginous plate is ossified, and the occipital and sphenoid must be 
severed by a saw. 

On its lou^r surface., about half an inch in front of the foramen magnum, 

* The columns of blood comuig in different directions were s«i>posed to be pressed together 
at this ijoint (tormlar, a wine-press). 
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is tlie pharyngeal tvbercle (tuberculum pharyngeum) which gives 
to the hbrous raphe of the pharynx. On .either side of the middle hne the 
Recti capitis antici major and minor are inserted, and immediately in front 
of the foramen magnum the anterior occipito-atlantal ligament is attached. 

The upper surface presents a broad, shallow^ groove which inclines upwards 
and fonvards from the foramen magnum ; it supports the medulla oblortgata, 
and near the margin of the foramen magnum gives attachment to the 
membrana tectvria or occipito-axial ligament. On the lateral margins of this 
surface are faint grooves for the inferior petrosal sinuses. 

The fwamen magnum is a large oval aperture w’ith its long diameter 
antero-postorior; it is wider behind than in front where it is encroached 
upon by the condyles. It transmits the nu'dulla oblongata and its mem¬ 
branes, the spinal accessory neryes, thp vertebral firteries, the anterior and 
posterior spinal arteries, and thc'nccipi'to-Sxial lig'a'ments. 

The superior angle of the occipital bone articulates with the post,ero-superior 
angles of the two parietal bones and, in the foetal skull, corresponds in position 
with the posterior fontanelle. The inferior angle, is represented by the sawn 
surface of the basilar process, already referi-ed to. The lateral angles are 
situated at the outi'r extremities of th(‘ transverse groove's : each is received 
into the interval between the 
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part of the same hone. Tlieso two portions of the inferior border are 
separated from om* another by the jugular ju'ocess, the notch on t he anterior 
surface of which forms the ])osterior part of tht jugular foramen. 

Structure.—The oceijiital, like tlui other cranial hones, consists of tw^o coinpae.t 
lamella*, called the outer and inner tables, between w'hieli is the cancellous tissue 
or dipioe; tlie bone is especially thick at the ridges, protuberances, condyles, 
and ar.terior pfirt of the basilar process ; in the inferior fossa; it is tliin, semi¬ 
transparent, and (l«;stitnte of dipioe. 

Ossification (fig. 287).—The upper portion of the squama occipitalis, viz. that 
above the linca su})reina, is developed in metuhrane, and may remain separate 
throughout life when it constitutes the interparielal bone ; the rest of the bone 
is developed in cartilage. I’he number of nuclei for tlu; iutciparietal part of the 
squama is foiu', two appearh.g near the middle line about the second month, and 
two some litth; distance from tlu; middh; line about the third month of foetal life. 


The cartilaginous portion of the squama is ossified from two centres, which appear 
about the seventh week of foetal life and soon unite to form a single piex:e. 
Union of the upper and lower portions of tlu; squama takes place about the third 
or fourth month after birth. Each of the «on,d)'lic parts begins to ossify from 
a single centre about the end of the eighth w’eek of foetal life. The basilar portion 
is ossified from two centres, one in front of the other ; these appear about thc'sixth 
week of foetal life and rapidly coalesce, so that this part is frequently described 
as ossifjdng from one centre. About the fourth year the tabular and the two 
condylic portions unite, and about the sixth year the bone consists of a single 
piece. Between the eighteenth and twenty-fiftli years the occipital and sphenoid 
become united, forming a single bone. 

Articulations.—The occipital articulates with six bones: the two parietals, 
the two temporals, the sphenoid, and the atlas. 
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The Parietal Bones 

Tlic parietal bpnes (ossa })aiietale8) form, by their union, the sides and 
roof of the skull. Emili is irregularly quadrilateral in form, and presents for 
examination two surfaces, four borders, and four angles. 

The' external mrfacc. (tig. 288) is convex, smooth, and marked about its 
centre by an eminence, the pirietal eminence, (tuber parietale), which indicates 
the point where ossification commenced. Crossing the middle of the bone in 
an arched direction arc two curved lines, the awperiar and inferior temporal 
lineM (lineae temporales); the former gives attachment to the temporal fascia, 
while the lalttw indicates the upper limit of the muscular origin of the Temporal 
muscle. Above these lines the bone is covered by the aponeurosis of the 
Occipi l i irfrog talis ; below them it forms part of the temporal fossa, and 


t’la. 288.—Left paxiotal bone. External suri'ace. 
Ariiculates with o/iposite jiarirtal bi»ie 



affords attacdimcnt to the 'J’emporal muscle. At the back part of the superior 
border, close to the sagittal suture, is the ^ri^ a l f oramen (foranu'ii parietale), 
which jtransmits a vein to the superior loagjiudtirf sinus, and sometimes a 
small branch of the occnpital artery. It is not constantly present, and it.s 
size varies considerably. 

The internal mirface, (fig. 289) is ctoncuve ; it presents depressions corn*- 
sponding to the cereliral convolutions, and numerous furrows for the ramifi¬ 
cations of the middle meningeal artery ; the latter run ujrrvards and back¬ 
wards from the antero-inferior angle, and from the central and posterior 
part of the lower border. Along the upper margin is a shallow groove, M'hich, 
together uith that on the opposite parietal, forms a channel (sulcus sagittal is) 
for the superior lo ngitudinal sinus; the edges of the sulcus afford attach¬ 
ment to the falx cei'cbri! Near the groove are seen several depressions, best 
marked in the skulls of old persons, for the Pacchionian bodies . The internal 
opening of the parietal foramen is also seen when that aperture exists. 
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Tlio aji^f)£xiar border .(JSUI^'gp sagittalis), the longest and thickest, is dentatcd 
and articulates with its fellow of the opposite side, forming the sagittal 
§UJtll£e. Tjie inferior border (margo sg^uamosus) is divided into three parts: of 
these, tljc anterior is'thiti ^‘d pointed, bevefled at the expense of the outer 
surfaee, and overlapped by the tip of the groat Ming of the sphenoid; the 
middle portion is arched, bevell('d at the expense of the outer surface, and 
overlapped by the squamous portion of the temporal; flic posterior part is 
thick and serrated for articulation uith the mastoid portion of the temporal. 
The a^ejrior border (niargo frontalis) is deeply serrated, and bevelknl at (he 
expense oil The outer surface above and of the inner beloM'; it articulates witli 
the frontal bone, forming one half of the (MSWl suilUCe- The po sterior b orde r 
(margo occipitalis), deeply denticulated, articulates M’ith the occipital, forming 
ononalf of the l ambd oid suture. 

"irhe antero-sv,pervar angle (angulus frontalis), thin and pointed, corresponds 
w itJi the union of the sagittal and coronal sutures; this point is named the 


Fici. 280.—Left parietal bone. Jiitemal suriace. 



bregma : in the foetal skull this region is membranous, and is called the anterior 
foiitanelh. The antero-inferior angle (angulus sphenoidalis), thin and pointed, 
is received into the interval bctwcicn the frontal and the great wing of the 
sphenoid. Its inner surface is marked by a deep groove, sometimes a canal, 
for the anterior branch of the middle nteningeal artery. The posfero-superinr 
angle, (angulus occipitalis) corresponds M'ith the point of junction of the sagittal 
and lambdoid sutures—a point which is termed the lambda ;. in the foetus 
this part of the skull is membranous, and is called the posterior fgjitgnette. 
The postero-inferior angle (angulus mastoideus) articulates with the occipital 
and M’ith the mastoid portion of the temporal, and presents on its innci- 
surface a broad, shallow groove M'hich lodges part of the late ral si nus. The 
point of union of this angle M’ith the occipital and the njastoid part of the 
temporal is named the asterion. 

Ossification.—The parietal bone is ossified in membrane from a ^gle. 
centre, which appears at the parietal eminence about the seventh or ei^'th 
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week of foetal life. Ossification gradually extends in a radial manner from 
the centre towards the margins of the bone; the angles are consequently the 
parts last formed, and it is here that the fontanelles exist. Occasionally the 
parietal bone is divided into two parts, upper and lower, by an antero-posterior. 
suture 

Articulations.—The parietal articulates wdth five bones: the opposite parietal, 
the occipital, frontal, temporal, and sphenoid. 

« 

The Fkontai. Bone 

The frontal bone (os frontale) resembles a cookie-shell in form, aird 
consists of two portions—a fm-nial or vertical portion corresponding w’ith the 
region of the forehead ; and an orbital or Jtorizonial j)ortion, whicli enters 
into the formation of the I’oofs of the orbits and nasal fossas. 

Frontal or vertical portion (squama frontalis).—The exlertial surface, 
(fig. 2JW) of this portion is convex and usually exliibits, in the lower part of 
(he middle line, the remains of t\\b frontal or metopic mhire ; in infancy this 
suture divides the bone into right and left halves, a condhion u hicir may 

Kio. 290.—Frontal bone. Outer surface. 



p(‘rsist throughout life. On either side of this suture, a little more than an inch 
above the su])ra-orbital margin, is a rounded elevation, the frontal emine,nee 
(tuber frontale). These eminences vary in size in different individuals, are 
occasionally unsymmetrical, and are especially prominent in yoTing skulls ; 
the surface of the bone above them is smooth, and covered by the apone-urosis 
of the pccipito-fi'ontalis. Below the frontal eminences, and separated from 
them by a shallow groove, are two arched elevations, the superciliary ridges 
(arcus Buperciliares); these are prominent internally, and are joined across the 
middle lino by a smooth elevation named the glabdlfi,„ These ridges are larger 
in the male than in the female, and their (fe^^ of prominence depends to 
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some -extent on the size of the frontal air sinuses,* but it must be noted that 
prominent ridges are opoasionally associated with small air sinuses and vi^ 
versa. Beneath each superciliary rid^e is a curved and prominent margm, the 
supra-orbital margin (marge supraorbitalis), which forms the upper boundary 
'of the base, of the orbit, and separates the frontal from tlie orbital portion of 
the bone. The outer part of this margin is sharp and prominent, affording 
to the eye, in tliat situation, considerable protection from injury; the imier 
part is rounded. At the junction of its inner and middle thirds is a notch, 
sometimes converted into a foramen, the supra-or hital nol s^ OX- fo ramen 
(incisura sive foi’araen supraorbitalis), which transmits the supra-orbital vessels 
and nerve. A small a])erture in the upper part of the notch transmits a vein 
from the diploe to join the supra-orbital vein. The supra-orbital margin 
terminates externally in the external angular process, and internally in the 
internal angular process. The external angular process ( processus zygomaticus j 
is strong, prominent, and articulates with the malar bone". Kiinmng upwards 
and backwaids from this process is a well-marked ridge, the temporal ridge 
(linea temporalis); this ridge divides into the upper and lower temporal Urns, 
which are continuous, in the articulated skull, with the corresponding lines on 
the parietal bone. The area b(‘low an-1 behind the temporal ridge forms the 
anterior part of the temporal, fossa, and gives origin to the Temporal muscle. 
The internal .angular proce sses descend to a lower level than the external, and 
articulate with tne lacnryro’al bones ; between them is a rough, uneven interval, 
the nasal notch, which articulates on either side of the middle line with the nasal 
bone,'and laterally with the frontal process of tlie maxilla. The terra nasion 
is ajiplied to the middle of thi' fronto-nasal sutur’c. From the centre of tlie 
notch a process, tlie nasal process, projects downwards and forwards beneath 
the nasiil bones and frontal processes of the maxilla*, and supjjorts the bridge 
pf the nose. The nasal process terminates below in a shai'p spine, the nasal 
spine, and on either sidi' of this is a small groov'ed surface which enters into 
the formation of the roof of the nasal fossa-. The nasal spine forms ;part 
of the.si'ptum of the no.se. articulating in front with the crest of the nasal 
boni's and behind with the jM'-rpendicular plate of the ethmoid. 

Th«‘ internal surface (tig. 291) of the frontal jiortion is concavi* and pri'si'nts 
in the upper jiart of the middle lino a vertical groove, the s'ulcus sagitlalis, 
the edges of which unit<* below to form a ridge, i\\& frontal crest (ciista frontalis); 
the sulcus lodges the sujierior longitudinal sinus, while its margins and the 
crest afford attachment to the falx cerebri. Tlie c;rest. ends below' in a small 
notch which is converted into a foramen, the foramen caecum, by articulation 
with the ethmoid. This foraiiK'H varies in size in different subjects, and 
is fi*equ(*nt]y iinjicrvious; when open, it ti'ansmits a vein from the nose 
to the suyierior longitudinal sinus. On either side of the middle line the bone 
presents depressions for the convolutions of the brain, and numerous small 
furrows for the anterior branches of the middle meningeal arteries. Several 
small, irregular fosscc may also be seen on either side of the sulcus sagittahs, 
for the reception of the Pacchionian bodies. 

Orbital or horizontal portion (pars orbitalis).—This portion consists 
of twb thin triangular plates, the orbital plates, which form the vaults of the 
orbits, and are separated from one another by a median gap, the ethmoidal notch. 

The inferior surface (fig. 291) of each orbital plate is smooth and concave, 
and presents, under cover of the external angular process, a shallow deprossion, 
i\\e lachrymal fossa (fossa glandulai lacrimalis), for the lachrymal gland; near 
the internal angular process is a depression, the fovea trochlearis, for the 
attachment of the cartilaginous pulley of the Superior oblique muscle of the 
eyeball. The superior surface is convex, and marked by depressions for 
the convolutions of the frontal lobes of the brain, and faint grooves for 
the meningeal brancihcs of the ethmoidal arteries. 

* Scuie confusion is occasioned to students coinnnincing the study of anatomy by the 
name ‘ sinus ’ liaving been given to two different kinds of space connected with the skull. 
It may bo as well, thei-efore, to state here that the ‘ .sinnse.s ’ in the interior of the cranium 
which praluce the grooves on the inner surfaces of tlie lioncs arc venons channels which convey 
the blood from the brain, while the ‘ sinuses ’ external to the cranial cavity (the frontal, 
sphenoidal, ethmoidal, and maxillary)' are hollow spaces in the bones themselves which 
communicate with the nasal cavities, and contain air. 
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The ethmoidal notch (incisura ethmoidalis) separates the two orbital plates ; 
it is quadrilateral, and filled up, in the articulated skull, by the cribriform 
plate of the etlirnoid. The margins of the notch present several half-cells 
which, when unitdd with corresponding hidf-cells on the upper surface of thfe 
ethmoid, complete the ethmoidal air-oolis. Two grooves cross these edges 
transversely ; tlu-y are converted ink» the anterior and ‘posterior ethmoidal canals 
by th<i (ithmoid bone, and open on the inner wall of the orbit. 'I’he anterior 
canal transmits the nasal nerve and anterior ctlimoidal vessels; the posterior, 
the posterior ethmoidal vessels. In front of the ethmoidal notch, on cither 
side of the nasal spine, are the openings of the frontal air sinuses. These, are 
two irregular cavities, which extend backwards, upwards and outwards, for a 
variable distance between the two tables of the skull, and are separated from one 
another by a thin bony septum, which often deviates to one or other side, 
with the result that the sinuses are carel.y symmetrical. Absent at birth, they 

Kfu. 2!)I.—Frontal hone. Inner suiface. 
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are usually fairly,jiwell developed between the ninth and twelfth years, but 
only roach their full size after puberty. They vary in size in different, (jcrsons, 
and are larger in men than in women. Aldren Turner (The Accessory Sinuses 
of the. Nose, 1901) gives the following measurements for a sinus of average 
size : licight, 1| in. ; breadth, 1 iu. ; depth from before backwards, 1 in. 
They are lined by mucous membrane, and each communicates with the 
corresponding nasal fossa by means of a passage called the infundibulum. 

Th('. bord(.r of the vertical portion is thick, strongly' serrated, bevelled at 
the expense of the inner table above, where it I'ests upon the parietal botie.s, and 
at the expense of the outer table on either side, where it I'ceeives tJic lateral 
pressure of those bones ; this border is continued below into a triangular, 
rough surface, which articulates with the great wing of the sphenoid. The 
posterior borders of the orbital plates arc thin, serrated, and articulate with the 
lesser wings of the sphenoid. 
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Structure.—The frontal portion and external angular proce^es are very thick, 
consisting of diploic tissue contained between two compact laminse; in the, regions 
described above the diploic tissue is replaced by the ft'ontal aiiS> Sinuses.' The 
orbital portion is thin, translucent,* and composed entirely'of. compact tissue; 
hence the facility with which instruments can })enetratc the cranium through this 
part of the orbit; when the frontal sinuses are exceptionally large they may 
extend backwards for a considerable 


di.stanco between the two tables of the 
orf)ital portion. 

Ossification (fig. 292). — 'rhe frontal 
bone is ossified in membrane from Iwo 
primary centres, one for each lateral 
half, which appear about the seventh 
week of foetal life, above (he orbit.al 
arches. From each of jhe.se centres 
ossification extends upwards to form 
the corrc’sponding half of the frontal 
])ortion, and backwards to form the 
orbital plate. The nasal spinels ossified, 
troni a pair of nrvondnry cciiires, one 
on eit her .side of the middle line ; and 
similar centres appear in the regions 
ot the internal and external angular processes. 


Fjo. 292.—Fi'ontal bone at birth. 
Ossified from two primary centres. 



At birth the bone consiats 


of two ])ieces, which afterwards become united, along tbe middle line, by the 
mrtopie suture wliich runs from the vertex ot the bone to the root of tlie nose. 
This suture usually b(*c.omes obliteratcal witliin a. few years after birth ; but it 
ocmsionally pensists througliout life. 

Articulations.—The frontal articulates with twelve bones: the sphenoid, the 
ethmoid, the two parictals, tin* two nasals, the two tnaxilliC, the two liichrymals, 
and the two malars. 

'I’liE Temporal Bones 


'I’ho temporal bones (ossa teni])oralia) arc situated at the sides and base 
of the skull. Each c-onsists of four parts, viz. the squamous or sguamo- 
zyqomadc, the petro-niastoid, the tynipanic pUtU'., and the styloid jtrocess. 

'I’lni squamous portion (.sciuaina temporalis), tlie anterior and uppc'r 
part of the bone, is scahs-like, thin and transhieent. Its outer surface. 
(fig. 292) is smooth and convex ; it alTords attachment to the Temporal muscle, 
and forms ])art of the temporal fos-sa; on its lunder part is a vertical groove 
for the middle t emporal artciy". A curved ridge, tlui temporal rid^e, or sujrra- 
mnstoid crest, runs backwards arid upwards across its postr'rior part; it serves 
for the attachment of the t(*mporal fascia, and limits the origin of the Temporal 
muscle. The boundary between the squamous and mastoid portions of the 
bone, as indicated by traetjs of the original suture, lies about half an inch 
below this ridge. Projecting from the lower part of the squamous portion 
is a long, areln*d process, the zygomatic process (processus zygomatious). This 
process is at first directed outwards, its two surfaces looking upwards and 
downwards ; it then-appears as if twisted inwards upon itself, and runs 
forwards, its surfaces now looking inwards and outwards. The superior border 
of the process is long, thin, and .shar]), and serves for the attachment of the 
temporal fascia; the inferior, short, thick, and archexi, has attaiihed to it 
some fibres of the Masseter. The outer surface is convex and subcutaneous ; 
tlie inner is coneSVB® and affords attachment to the Masseter. The 
1 ‘xtremity is deeply serrated and articulates v'ifh the malar bone. The 
zygomatic process is connected to the squamous portion by two roots —anterior 
and posterior. The anterior root, continuous with the lower border, is short 
but broad and strong ; it is directed inwards and terminates in a rounded 
eminence, the eminmtia articularis (tubereulum articulare). This eminence 
forms the frontlM)undary of the glenoid fossa, and in the. recent state is covered 
Arith cartilage. In front of the articular eminence is a small triangular area 
w'hieh assists in forming the zygomatic fossa; this area is separated from the 
outer surface of the squamous jportion by a ridge which is continuous posteriorly 
with the anterior root of the zygoma, and anteriorly, in the articulated ' 
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skull, with the infra-temporal crest on the greater wing of the sphenoid. The 
posterior root, a prolongation of the upper border, is strongly marked; it. 
runs baokwaids above the external auditory meatus, and is continuous with 
the supra-mastoid \.re8t already referred to. At the junction of the anterior 
root with the zygomatic process is a projection, called the tuhnrde, for the 
attachment of the external lateral ligament of the teinporo-mandibular joint; 
and behind the anterior root is an oval depression, forming part of the glenoid 
fossji, for the reception of the eondyle of the mandible, 'riic glenoid fossa 
(fossa mandibularis) is bounded, in front, by the eminentia articularis ; behind, 
by the tympanic plate which separates it from the external auditory meatus; 
it is divided into tAvo parts by a narrovA' slit, the Olaserian Jismtre. (fissura. petro- 
tympanica). The anterior part, formed by the squamous portion of the bone, 
is smooth, covered in the recent state Avith cartilage, and articulates Avith the 
condyle of the mandible. Jlehiiid this part of the fossa is a small conical' 
eminence, the post-glenoid process-, this is the representative of a prominent 


Ftq, 293.—Left temporal bone. Outer surface. 
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tubercle Avliioh, in some mammals, descends behind the condyle of the mandible, 
and prevents its backward displacement. The posterior part of the glenoid 
fossa, formed by the tympanic plate, is non-articiilar, and lodges a portion of 
the parotid gland. The Glaserian fissure leads into the middle ear or tympanic 
cavitj’^; it lodges the processus gracilis of the malleus, and transmits the 
tympanic branch of the internal maxillary artery. The chorda tympani 
nerve passes thnjugh a canal {canal of Uugvier), separated from the anterior 
edge of the Glaserian fissure by a thin scale of bone and situated on the outer 
side of the Eustachian tube, in the retiring angle between the squamous 
and petrous portions of the temporal. This thin soale of bone is derived 
from the tegmt*n tympani, and forms the greater part of the outer wall of 
the bony portion of the Eustachian tube. Between the posterior wall 
of the external auditory meatus and the posterior root of the zygoma is the 
area called the suprameatal triangle of MaccAA'en, through which an instrument 
may be pushed into the mastoid antrum. 
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The internal surface of the squamous portion (fig. 294) is concave; it 
presents depressions corresponding to the convolutions of the temporal lobe 
of the brain, and grooves tor the branches of the middle jneningeal arteiy. 

The superior border is thin, and bevelled at the expense of the internal 
table, so as to overlap the lower .border of tlic parietal bone, forniing with 
it the squamous suture. The antero-inferior border is thick, scrrate<r, and 
bevelled at the cxptmse of the inner table above and of the outer below, for 
articulation with the greater Anng of tiie sphenoid. Posteriorly, the superior 
border forms an angle (incisura parietalis) with the mastoid portion of the bone. 

The petro-mastoid portion consists of («) th(> mastoid process, a prominent, 
nipple-like mass behind the external auditory meatiis; and (h) the petrous 
portion, which is pyramidal in shape, and projects inwards and forwards to 
form part of the floor of the skull. 


Fio. 294.—Left tem])oi'al bone. Inner surface. 
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The mastoid portion (pars mastoidoa) forms the posterior pai t of the bone. 
Its outer surface (fig. 293) is rough, and gives attachment to tlio Occi|)ito; 
frontalis and Retrahens aurieulam. It is perforated by numerous foramma ; 
one of these, of large size, (situated near the posterior border.) is tenned the 
foramen mastoideumj it transmits a vein to the labwal sinus and a small branch 
of the occipital artery to the dura mater. The position and size of this foramen 
are very variable; it is not always prasont; sometimes it is situated in tlu! 
occipital bone, or in the suture between the temporal and the occipital. The 
mastoid portion is continued below' into a conical projectio n, the mastoid process 
(processus mastoideus), the size and form oFwhicli Vary somewhat; it is larger 
in the male tlian in the female. (J’his process serves for the attachment of 
the Sterno-'mastoid, Splenius capitis, and Trachelo-mastoid. On the imior side 
of the process is a deep groove, the digastric fossa (incisura mastoidea), for 
the attachment of the Digastric ; internal to this is a shallow furrow, the occipital 
groove, which lodges the occipital artery 
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(The inner surface, of tlie Mastoid j^tion proseuts a deep, curved otoovc, 
the sulcus sigmoideu s. wJ^PA'Todgos part of tlie lateral sinus p in it may be seen 
the opening of tlio mastoid foramen. The groove for tlie lateral sinus is separated 
from the innermost 6f Ihe mastoid air-cells by only a thin lamina of bone, and 
even this may bf5 partl.y deficient. section of the mastoid process (fig. 295^ 
shows it to be holloM t*d out into a number of spaces, the ruastoid celluIao 

mastoideae),’ which ('xhibit tins greatest possible variety as 1 o thelrsiKe and 
number. At the upper and front i)art ot the bone they arc large and irregular 
and contain air, but tonaids the ]oM«‘r part of the bone they diminish in size, 
whiUf those at the apex of lii«i process are fntqueritly quite small and contain 
maiTow. Occasionally they are entinsly absent, and the mastoid is (hen solid 
throughout. In addition lo these a large irregular cavity is situated at the 
up]>er and front part of lh(» bone. It is ealh'd ( lie mastoid antrum (ant rum 
tym])anieum), and must be distinguishr'd from the mastoid cells, though it 
communicatc's with tliem. Like the mastoid cells it is filled with air and lined 
by !i j)rolongation of tlu* mucous membrane of the tympanic ca\ ity, with uhich 


Fui. 2t).'5.—C/Oronal section of right temporal b( 
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it communicates. The mastoid antrum is bo unded a_t»nt c. by a thin plate of 
bone, (Ik' t( qjn.rii. u hicli separates it from the middle fossa of (lu! base 

ot the skull ; by the mastoid process : externally by the squamous portion 

of the bone just below the supra-mastoid crest, and internaUv by the external 
semicircular canal of the internal oar which ])rojects into its cavity. It^gjiens 
in front into that })ortion of the tympanic; cavity which is known as the attic 
or ifntfinijimur. rir.ijisi 

The mastoid antrum is a cavity of some considerabl(! si/.(; at the time of 
birth, and is derived, together witli the tympanic cavity and the Eustaohiaai 
tube, from the inner part of the first visceral cleft. The mastoid air-cells 
may be regaided as diverticula from the antrum, and begin to aj)f)ear at or 
b(;fore birth ; by the fifth year they n.re well marked, but their development 
is not completed until towards puberty. 

m 

ApiMed Anatomy.—Hn consequence of the direct continuity -which exists Ijetweon the 
tympanic cavity and mastoid antrum, inflamniation of the lining momhrano of the 
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former cavity is always assoniated witli a ^^ilar condition in the latter, and may easily 
spread thence into the mastoid vair-cellp, lo^ng to cari^^ttHd necrosis of their walls and 
the risk of transference of the inflammation to the lateral Mtftis or brain. The mastoid 
antrum in fact forms a reservoir for pus which, if unahle to d{ain away, may set up 
serious and often fatal intracranial complications- 

Tins mperior border of the ruastoid portion i.s broad and serrated, for 
articulation with the po.stero-infcrior angle of the parietal. The posterior 
border, also serrated, articulates with the inferior border of tiic occipital 
between the lateral angle and jugidar process. Anteriorly the niasioid portion 
is tu.sed wii li the desec^nding prot'ess of the s({iiainous portion above, and below 
it enters into the formation of the external auditory nieaius and the cavity 
of the tjnnpanum. 

Th(i petrous portion (pars petrosa or jjyramis), so named from its exlrome ■ 
density and hai'dness, is pyraniidsvl and wtnlged in at.tluj J»ase--of-tU».4Jtull 
between the splicnoid and occipital bones, iiireeted inwards, forwards, suid 
a little upwards, it ])resen(.s for exaniina(ion'^^a‘'tjase, an apex, thnse surfaces, 
and t]ir( ‘e borders,,ajod-^ontaius, in its iiiteriorfthe essentiw jMvrtsof the organ 

Th(! /m.v( is fus'ed with the internal .surfju-es of the squamous and mastoid]^’ 
j)ortions. v 

The dpex (apex ])yi'iuiiidis), nough and .ut.u.vvn, is reecuNuid into the angular ' ' 
interval between the poslerior IwrcTer of the greater wing of the sj)henoid 
and tlie basilar firo(;e.ss of the occipital ; it jnesonts the anterior (u- internal 
oriiiee of the f^rpJtiiLcanal, find foiiiis flic postei-o-external boundary of the 
fora ni«MiliU!efum medium. 

The <nilerior svrj[acc (fig. 294) forms the posli'rior ])art of the middle fossa 
of the base o?~tfie slcull. This surface is continuous wit h the inner surface t - 
of the squamous portion, to which it is united by the petrosquamous suture, 
ronmiiis of which are distinct even at a lute period of life. It is inai'ked l»y 
deiiri'ssions for the eonvohitions of tiie brain, and pre,seuts six points for 
examination: (I) an eminciiee (emiuentiq arcuata) near the centre, vihieh 
iudicab-s the situation of the superior semieireular canal; ^2) in front of and a 
litUe to till' outer side of this eminenee a depression, indieuting the jiositiori 
of llu! tymjianie cavity : her(> the layer of bont' which seimrates the tympanic 
from the cranial cavity is (“xtremely thin, and i.s kmnvn as the iejimev iyrnpani ; 

(,*1) a shallow groove, sometiiiK's ilouble, leading outwards and tiaekuards to 
an oblicpte o])c>aing, the hiatus Fallopii (hiatus eanalis facialis), for the passage 
of the large supiaficiul petrosal nerve and tlu; petrosal branch of the' middle 
meningeal artc-ry ; (4) a suialhn- (qiening, occasionally seen, external to the last, 
f<*r tlie passage of the small superheial petrosal nerve ; ({>) near tlie apex 
of the bone, ij|(> termination of the e.arotid canal, the w.all of wliieh in this 
situation is d<*fieieTit in front; (6) above this canal a shallow depression 
(inipressi o trij^ eniiiii) for the reception of the (lasserian ga,nglion. 

Thsi_fiiS I^( i r su rface forms the fi’onl part of tlie posterior fossa of the base 
of t be skull, and is cbfilimious with t be inner surfaci* of tlie mastoid portion. It 
presents tlinx'! points for examination. (1) Near th(‘ centre is a largo orifice, 
the meatus acusticus internus, the size of whieli varies considerably ; its margins 
are snib()th'ahd" rbimded, and it leatls into a short canal, about, one-thuxi of an 
inch in leiigtli, which runs directly outwards. It transmits the seventli and 
eighth (iranial nerves and tjie aud%j;y,,biUMidi .tlf.the basilar artery. This 
canal is closed externally hy a vertkial jilate, the lamina cribrosa, which is 
divided by a horizontal crest, the crista fahiformis, into two unequal portions 
(fig. 296). Each portion is furtlier subdivided by a vertical ridge into an 
antm-ior and a posterior part.' The p ortion beneath the crista falciforni^s 
presents t-hre,^ sets ftf fjpramitia ; (ipft^scoup. 'Jusl belbwl£Ke postwidr part. of the 
crest, situated in the area cribrosa media, consists of a number of snjall openings , 
for thcjierves to the,saccule ; below and posterior to this is the foramen s inmlare, 
or opt'uing for the nerve to the posterior semicircular canal; ni front of”and 
below the first is the tractu s smralis foraminu sus. consisting of a number of 
small spirally arranged opemiugs, whieli eticirclB Qfip^U g, c mlralis caddem 
and transmit the nerves to the nochleari^The portion above the crista presents 
behind the arm cribrosa superior, pierced by a series ofjmaU openings, for the \,1 
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passage of tilaments lu the ulikl^vud the superior and external seniiein u lai 
) and, in front, the area witli one largo opening. tTio ooinnieiiee 

lucnt of the mptceduciu« fiVf»iii.list for the passage of the facial 

uorve. (2) Behind tlie meatus aeustieiis is a small slit almost hidden by a thin 
plate of bone, loading to a ennal, the which transmits the 

duchis i’ndohpnvJiaticus tog ether w i th a small artery and vein. (2) In the 
interval between these two ofrenings, but above tliem. is an irregular depression 
which lodges a process of the dura mater and transmits a small vein. In the 
infant this depression is represented by a la^ge fossa, the fossa subarcuaia, 
which extends backwards as a blind tunnel under the superior semicircular 
csural. 


inferior iturfacf. ffig. 297) is rough and irregular, and forms part of the 
exterior of the base of the skull. It presents ele%'en points for examination : 
(1^ near the apex a rough surface, (j yadrilater al in fbrmr wlncli serves partly 
foiL-the- attaciuacat. of-ibe -Levator palatL^ the cartilagimtiiH. portinty of 
tho-Kustachiau tube, and partly for connection with the basilar process of the 
occipital bone through the intervention of tho dense fibrous tissue ; Indiind 
this the large circular a perture oi the caro tid canal {(fanalis caroticus), which 
ascends at first vcrticallj% andTTicn, making a bend, runs horir.ontally forwards 
and inwards ; it transmits into the cranium the Jnttg’iml carotid a rt ery, and 

tlic carotid plexus'oPnm'ca ; to 
Fig. 29(). — Diagraniniatic view ol the the irim'T siw of'ITie "oTpening for t ho 
fundus of the right internal auditory ,.an)titl canal and close to tltc po^tcl•ior 
meatus. (le.stut.) border, in front of tlic jugular fo^^!l. 



is a triantiular d<‘pr essio n. on the floor 
of whioli is a small ojicning. the mpKV- 
dactus cochlecp, wliicJi lodges a tubular 
prolongation of the dura mater and 
t ransmits a t ein from the c-oohlea to join 
the internal jugular ; (4) beliind tliesc 
o|)c.nings a deep depression, th^' juyulur 
Jossti. of variable dcjdh and size in 
different skulls; it lodges the bulb of 
the inlemal jugular vein, aml. uilli a 
similar depression on the front of the 
jugular process of the oecipilal bone, 
forms the jugular foramen ; (•“>) a small 
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foramen lot tlic passage of Jaettbson'.^ 
nerve (the. tympanic branch of the 
glosso-pliaryngcal) ; this foramen' is 
seen in the bony ridge; dividing the 
carotid canal from the jugular fossa ; 
(6) a small foramen in the outer })art of 
the jugular fossa, for the entrance of the 
auricular branch of the piioumogasl rie 
nerve (Arnold's nerve) ; (7) behind 


the jugular fossa, a quadrilateral 
tiran, \\w jugular surface, which is covered with cartilage in the recent .state, 
and articulates with tin* Jugular process of the occipital bone; (8) tJie 
vaginal ^r^teess, a .sheath-like plate of bone, which extends backwards 
from the carotid canal and divides behind into two lamina'; tin* outer 


lamina is continuous with the tympanic plate, the inner with the outer margin 
of the j^ugul ir surface ; between these lamina; is (9) the styloid 'pr ocess, a sharp 
spine, aVjout an ineli in length ; (10) the stylo-mastoid foramen, a'?alher large 
orifice, placed betw een the styloid and mastoid proc(;sses; it is the termina¬ 
tion of the aqua'duetus Fallopii, and transmits (he facial nerve and stylo¬ 
mastoid artery ; (ll) the auricular Jissure (fissura tympanimnajrowl..p) situated 
between the tympanic plate and mastoid process, for the exit of tho auricular 
branch of the pneumogastric nerv'e. 

Tl^.jgwmor border, the longest, is grooved for the suiierior petrosal sinus, 
and gives^IaoKmeni to tho tentorium cerebelli; at its inner extremity is a 
notch, in which the fifth cranial nerve lies. The poM^ior border is intermediate 
in length between the suiierior and the antelfef. Ita'intierlmlf is marked by 
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a sulciis, which foinis, with a correspondi«gtfmlcus on the occipital bone, the 
chaniu'l for tiic inferior petrosal sinus. Its odter half presents an excavation 
- th(‘ jumdnrjossfi -w'hioh, with a similar notch on tin; occipital, forms the 
jugular’“toranicn.'’ A pi-ojecting eminence occasionally .stands out from the 
(jcntre of the notch, and divides the foramen into two. Th e ant erior 
border is divided into two parts—an <>\itcr joined to the squamous " ^rtib n 
by a suture ( pci ro-aquaTnom ), the remains of which are more or less distinct; 
ail inner, free, which articulates with the spinotts process o f th e sphen oid. At 
the angle of junction of the petrous ana squamous pofKSns ore seen two 
canals, one above the other, and separated by a thin plate of bone, the 
■processus cochleariformis (septum canaJis musc'ulotubarii) ; they both lead into 
the tympanum. The upper one (semieanalis m. tensoris tympani) transmits 
the Tensor tympani, the lower one (semieanalis tubae auditivse) forms the bony 
part of the Eustachian tube. 


Fi«. 297.—Left leiniwral bone. Inferior sui'face. 



I’he tympanic cavity and auditory o.ssioles, and the internal ear, are 
described witli tlie organ of hearing. 

'I'Ijc tympanic plate (pars tympauica) consists of a curved plate of bone 
lying below the squamous portion and in front of the mastoid process. Its 
ftoshm-superiur surface is cinicave, and forms the anterior wall, the floor, 
and part of the posterior wall of the bony external auditory meatus. Inleamally, 
it presents a narrow furrow, the sulcus tympanicus, for the attachment of the 
membrana tympani. Its anUro-in/erior surface is quadiilateral and slightly 
concave; it constitutes the posterior boundary of the glenoid cavity, and is 
in contact ■vv'ith'''l^hc rctro-mandibalar part of the parotid gland. Its outer 
border is free and rough ; it is named tlie external auditory process, and gives 
attachment to tlio cartilaginous part of the external auditory meatus. Inter¬ 
nally, the tympanic plate is fused with the petrous portion, and appears in 
the retreating angle between it and the squamous portion, w'here it lies below 
and to the outer side of the orifice of the Eustachian tube. Posteriorly, it 
blends with the squamous and mastoid parts, and forms the anterior boundary 
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of tlie auricular fissure. Its antcro-supcridi' border fuse's externally ’with 
the back of the post-glenoid process, wliilo internally it boiinds the Glaserian 
fissure. TIk' hvjer border is thin and sha)*]^) at its inner part; its outer part 
sjjlifs to enclose the root of tJu' styloid process, and is tlu'refore named the 
vaginal jn-occss. 'I’he central portion of the tympanic plate is thin, and in a 
considerable pcrcentagi' of skulls is perforatetl by a hole, t\w/ora?nen of liunchke. 

The external auditory meatus (meatus acnsti<'us exterims) is directed 
inwards and slightly foru ards: at the same lime it forms a slight curve, so that 
the floor of the canal is convex ujmards. It measures about thrce-cjuaiters of 
an inch in length, and presents an oval or ellijjtical .shape—its loiig axis being 
directed downwards and slightly backwaids. has bc'tm pointed out, its 
anterior wall, its floor, and the lowerpart of its ])osterior wall arc formed by the 
tympanic plate ; the roof and upper part of the posterior wall are constituted 
by the squamous portion. Its inner end is closed, in the recent state, by the 
membrani tympani ; the up])er limit of its out6T orifice is formed by the 
posterior root of the zygoma, immediately belon-which there is sometimes seen 
a small s])ine, the suprameatal sjnne, situated at the upj>er and posterior j)art 
of the orifice. 


Fio. 208.—The three princiiial parts of the temporal hone at hirth. 
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The styloid process is sle/idcr. jaiintcd, and of varying length ; it ])rojecls 
downwards and lonvard.s, from tin- under surface of th<‘ temjKtral hone, hevond 
tli(i tymi)ani(! plate, fts jtroximal ])art (tympano-hyat) is ejisheatlicd by the 
vaginal process, while its projecting i)ortion (stylo-hyal) gives altachment to 
the stylo-hyoid and stylo-mandibular ligaments, and to the Stylo-giossus, 
tStylo-liv'oid and Stylo-pharyngeus muscles. The stylo-hyoid ligament cxtcntls 
from the apex of the jH’oeess to the lesser ettrnu of the hyoid Itone. and may 
undergo jjartial or eoirtjtlelc ossification. 

Structure.—The slnicture of the .sfjnanious jmrtion is like that of the other 
cranial hones ; the mastoid portion is cellular, and the petrous ]>ortioi) dense and 
haj'd. 

Ossification.—The teinporal hone is <j.ssified from elyHit <-eiitrcs, e.veiusive of 
those for the internal e.ir and (he tynipanie ossicles—viz. one for the sipuitnons 
portiotj inclufluig llie zygoma, one for the tympanic plate, lour for the petro-mastoid 
part, and two for the .styloid process. Just. Iiclorc the close of fa'tal lif<! (lig. 2tt8) 
the temporal hone consist.s of three prinei]>al parts. 1. The sguawo-ziigonaitie 
is ossified in memhrurie from a single nucleus, which appetars near tlic root 
of the zygoma about the second month. 2. The petro-niastoid is dt'vch)ped 
from fo7ir centres, which make their ajtpearance in the cartilaginous ear-eapsuh) 
about the fifth or sixth month. One (prootic) appears in the neighbourhood of 
the cnimentia arcuata, spreads in front and above the internal auditory meatus 
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and extends to the apex of th&'vbdjie ; it forma part of the coelilca, vestibule, 
superior semicircular canal, and inner wall of the tympanic cavity. A second 
(opisthotic) appears at the promontory on the inner wall of tlie tympanum and 
surrounds the fenestra rotunda ; it forms the floor of the tympanum and vestibule, 
surrounds the carotid canal, invests the outer and lower })art of the cochlea, and 
spreads inwards below the internal auditory meatus. A third {pttrotic) roofs in the 
ajitrum and tympanic cavity; 

while, the fourth (epiotir) h’ni. 2t)t».—7'eniporal bone at birth. Outer aspect, 
appemrs near the posterior Sijimmons portlun 

semicircular canal ajid ex¬ 


tends to form the mastoid 
process (Vrolik). 3. The 
tjimpanic ring is an incom- 
])lete circle in the concavity 
of whichisa<iroov<‘, the stilrus 
li/mpamrns, lor the attach- 
tnent of the circumference 
of the mernbrana tyinpaiii. 
This riiijf exj)aTids to form lh<“ 
tympanic plate, and is ossified 
in membrane from a sinfj;le- 
centre whi<‘h a]>pea.rs about 
the third month. -V fourth 
pa?'t. the stifloitl pr(Hu\ss. is 
developed from the proximal 
pait of the cartilage of the 
second visceral or livoid arch 


I’ririj-si/iKliiinHii 



/lorlioit 


Tiimiiiinif 

riiii/ 


by two centres ; ojie for the l)ase appears before birtli and is termed the lipnpnno- 
lii/nl : tluMjther. (•oinj)risin'r the rest of t he ])roeess, is named the stjjlo-hudJ. and does 
not afipear until after birth. The tympanie riiif> unite.- with the squamous portion 
shortly before birtli; the pel roniastoid iitid s(|uainous jantioiis join durijjfr the fir-st 
year, and the tyiupano-liyal portion ol the, styloid process about the same time 
ftics. Uhlt and 30(t). The stylo-hyal doe.s not unite with the rest of the lame until 
:il(er pidterty. aiul in some skulls never at all. Tlieeliief subsequent ehan}i‘'s in the 

tenqxnal hone apart from increase in 
Tio. 3(KJ.—Teinpor.d ))one at birth. sro ; (1) The tymj)aiiic rin.u ex- 

Inner aspect. tendsoutw’ardsand backwards to t.*rm 


/'<7 f/fa/utuci 



the tympanic plate. This extension 
do(‘s not, however, take place at an 
eijuai rate all round the, circumferenee 
ol the riiitr, but occurs most rapidly on 
its anterior and i)osterior portions, and 
thc.se outgrowths meet and blend, and 
thus, lor a time, there, exists in the. floor 
ot the meatus a foramen, thi.'.jorauienoj 
Jlunrhlr. : thisfoTanu'ii is usually closed 
•iboiit the liftli year, but may persist 
tlmnigliout life. (2) The oloiioid cavity 
IS at tirst e.xtrenudy shallow, and looks 
outwards as well as downwards; it 
becomes deeper and is ultimately 
directed dowiiwards. Its clninge in 
(liieetion is accounted for as follows : 


The, part of the squamous temporal 
Mi'iiiim tiriisliriix iiiir iis wliieh supports it lies at first bcloir the 

level of the zygoma. As, howevex*, 
the bai tins skull increases in width, this lower part of tlio squama is 
directed horizontally inwards to coiiti-ibuto to the middle fossa of the skull, 
and its surfaces therefore come to look upwards and downwards ; the attached 
portion of the zygomatic arch also becomes everted, and projects like a shelf 
at right angles to the squama. (3) The mastoid portion is at first quite flat, 
and the stylo-mastoid foramen and rudimentary styloid process lie immediately 
behind the.tympanic ring. With the development of the air-cells the outer part 
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of the mastoid portion grows downwards and forwards to form the mastoid process, 
and the styloid process and stylo-mastoid foramen now come to lie on the under 
surface. The descent of the foramen is necessarily accompanied by a correspond¬ 
ing lengthening of tile aqueduct of Fallopius, (i) The downward and forward 
growth of the mastoid process also pushes forward the tympanic plate, so that the 
jiortion of it which formed the original floor of the meatus and contained the 
foramen of Huschke is ultiTiiately found in the anterior wall. (5) Tim fossa svb- 
arcuala becomes tilled up and almost obliterated. 

Articulations.—The temporal arficuJates with five bones: occipital, parietal, 
sphenoid, mandible, and malar. 


'I’liK Si'HENOTi) Bonk 

The sphenoid bone (os sphenoidale) is sitiiattKl at the base of the skull 
in front of Ihe tenij)orals and basilar j)art of the occijiital. It somewhat 
resembles a bat with its nirigs extended, and is divided into a central portion 
or body, two greater and two lesser wings extemling outwards from the sides 
of the body, and two pterygoid jn’oeesst's wJiieh projeet from it below. 

The body (eorjrus), more or less cubical in shape, is hollowed out in 
its intt'rior to form two large cavities, the. sp/tcnoidxtl air sinvses, which are 
separated from eacli other by a septum. 

The superior stir fare of t he body (tig. 301) presents in fi-ont a prominent 
spine, the ethmoidal spine, for ai-tieulation with the cribriform plate of tire 
ethmoid; behind this is a smooth surface slightly raised in the middle line, 
w'itli a depression on either side for the olfactory lobes of the brain. This 
surface is bounded behind by a ridge, Avhicli forms the arrterior border of a 


l^’ro. 301.—Sphenoid hone. Upper .sxirfanc. 
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narroxv, transv'crse groove, the optic groove (sulcus ohiasmatis), above and 
behind which lies the optic commissure ; the groove terminates on eitlier 
side in the optic foramen (foramen optieurn) which transmits the optic nerve 
and ophthalmic artery. Behind the optic groove is an olive-like elevation, 
the olivary eminence (tphsif'uhrm. sell*) ; and still more irosteriorly, a deep 
depression, the pituitary fossa, or siMa turcica (f oss a hypophyseos), which 
lodges the pituitary body. I’liis fossa is bounded r^n front by two small 
eminences, one oir either side, called the middle dinoid-ja’oeatses (processus 
clinoidci incdii), and behind by a square-shaped plate of bono,. the dorsum 
sellce, terminating at its superior angles in two tubercles, the posterior dinoid. 
processes (proccasus clinoidei posteriores), the size and form of which vary 
considerably in different individuals. The posterior clinoid processes deepen 
the jatuitary fossa, and give attachment to the tentorium ccrebelli. On 
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eithei- side of the dorsum sellse is a notch for the passage of _tho .sixtli nerve, 
and below it presents a sharp process, the petrosal, process, which articulatea 
with the apex of the petrous portion of the temporal bone, forming the 
inner boundary of the foramen lacerum Behind the dorsum sellse, 

the bone presents a shallow depression, the clivus^ which slopes obliquely 
backwards, and is continuous with the basilar groove of the occipital bone; 
it supports the upper part of the pons Varolii. 

The lateral surfaces of the body arc united with the greater wings and 
internal pterygoid plates. Above the attachment of each of the greater wings 
is a broad groove, curved something like the italic letter /; it lodges t In; 
internal carotid artery and the cavernous sinus, and is named the carotid groove 
(sulcus caroticus). Along the posterior part of tlui outer margin of tliis groove, 
in the angle between the body and gieater wing, is a ridge of bone, called 
yU^Jmgida. 

The posterior surface., quadrilateral in form (tig. 303), is joined, during 
infancy and adolescence, to the basilar process of the occipital bone by a 
plate of cartilage. Between the eighteenth and twenty-fifth years this 


Kiel. 302.—Sphenoid hone. Anterior surface.’* 



bee<<m<"< ossified, ossification conimenciug above and extending downwards, 
and the tw o bones then form one ])iece. 

The anterior surjuce of the body (fig. .302) jiresents, in the middle line, a 
vcTtical crest, the crista sphcHoidalis, whicli aitieulates with the perpendicular 
])lale of the ethmoid, and forms part, of the septum of the no.se. On either 
side of the crest is an irregular opening leading into the corresponding 
sphenoidal air. sinus. These sinuses are two large, irregular cavities hollowed 
out of the interior of tin* body of the sphenoid bone, and separated from one 
another by a bony se])tuin, which is seldom quite vertical, being commonly 
bent to one or the other side. They vary considerably in form and size,"*" 
are seldom symmetrical, and are often ])artially subdivided bj’’ in’cgular 
osseous lamina*. Occasionally, they extend into the basilar process of the 
occipital nearly as far as the foramen magnum. They begin to be developed 
in the third year, and are of a eonsidertible size by the age of six. They are 
partially closed, in front and below, by two thin, curved plates of bone, the 
sphenmdgl. twhinated^buM^-llSGO p. 236), ksaving in the articulated skull a 
round opening at the upper part of each sinus by which it communicates 
with the upper and back part of the nose and occasionally with the posterior 

* In this figure-both t.ho anterior anil inferior surfaces of the body of tlie sphenoid bone 
are sliowi, the bone being beUl with the pterygoid processes almost liorizoutal. 

Aldven Turner (op. oH.) gives the foilowLng as their avoi-ago mcasuroment.-s: vortical 
lieight, in.; antero-post'srior depth, J in.; transverse breadtli, J in. 
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ethmoidal air-(jells. The lateral margin of the anterior surface is serrated, 
and articulatcis n ith tb^ os planum of the ethmoid, completing the postoi ior 
ethmoidal cells; fhe lov>er margin articulates with the orbital process of the 
palate bone, and the upper with the orbital plate of the frontal bone. 

The inferior svr/acc presents, in the middle Ihie, a triangular spine, the 
^psfTMk. spbuauddale, u-hich is continuous with tlie crista sphenoidalis on the 
antt'rior surface, and is rt‘ceived in a deep fissure between the ala^ of the 
vomer. On either side of the rostrum is a projecting lamina, the 'prucesmia 
mpinal is, dhected inward.s from the base of the internal pterygoid plate, with 
wmeh it will be described. 

The greater wings, or ali-.sphenoids (ahe magnse), are two strong pro¬ 
cesses of bone, ^^hich arise from the sides of the body, Jind are curved in a 
direction outwards, upwards, and baekwai’ds ; the postt'rior part of each pro- 
j(H'ts outwards atul backwards as a triangular irrocess which tits into the angle 
between the squamous and petrous j;)ortions of the temporal and presents 
at its apex a downw'ai'dly directed process, the sfh-enoidal. spine (sx>ina 
an^laris). 

The superior or cerebral surface of each greatfir wing (tig. ^1) forms part 
of the middle fossa of the skull ; it is d(H'ply concave, and jrresf'uts dipressions 
for the convolutions ot the temporal lobe of the brain. At its anterior and 
internal part is a circular aperture, the foramen rotuiulum for (Jje transmission 
of the second division of the fifth franial nerve. Behind and external to this 


>'tg. 303.—Sphenoid bone. Posterior sin-fncc. 



IS a large, o\i;l ojiening, t he for amui o vale , for the transmission of the thinl 
division of the fifth nerve, the small meningeal artci-y, and sometimes tlie 
small superficial i)etroBal nerve.* At the inner side of the foramen «tvale. a 
.small aperture, the fqrmnen Vesalii, may occasionally be seim opposite the 
root (»f the pterygoid jm^ecss ; it o[iens bclctw luair the scaphoid fossa, and 
transmits a small vein from the eavtanous sinus. Lastly, in the posterior 
angle, near to and in front of the. sjjine, is a short canal, sometimes double, 
the fpmjnen spituisma, which transmits the middle meningeal artery and 
yt'in and a l•(!current branch from the third division of the fifth cranial 
iiervci. 

'I’h<“ exUrnal surface (fig. 302) is <‘onvi'tx, and divided by a transverse ridge, 
the iiifraltnijioral crest (crista infratem])oralis), into two portions. Th(‘ .superior 
or larger (facies temporalis). eon\'ex from above downw'ards, concave fi-om 
befonj backwards, forms a ]»art of the temj)oral fossa, and gives attachment to 
the Tem])oi‘ii.l muscle. The iiihitior jiortion (facies infratemporalis), smaller 
in siz«i ar^jl concave, enters into the formation of tho zygomatic f<».ssa, anti, 
together with the infratomtjoral crest, affords attachment to the External 
jrterygoid mu.scle. It yn'csents the openings of the foramen ovale and foraintm 
spinosum, and, at its y»o.st(frior part, the sphenoidal spiats which is frequently 
grooved onitsiimcr aspect for the chorda tympani nerve. To the sphenoidal 

• The small sui)erficial petrosal nerve somtitinios passes through a api^cia] canal 
(eam-Heuluii imonihiatta of Arnold) situated on (he inner .side of the foramen sj)inosum. 
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^ine arc connected tjic internal i a torn,! 1 i g ent . tli£jJ?jaj3QC0rroe^ 

^int and < h» MVnaaL- TntSffiaf to'tlie anterios^extn'unty of the infra¬ 
temporal crest is a triangular process which servos to increase the attachment 
of the External pterygoid; extending downw'ards and towards from this 
process on to the front part of the external pterygoid plate is a ridge wliich 
forms the anterior limit of the zygomatic surface, and, in the articulated skull, 
t he posterior boundary of the fteryqo-ma.ciliary Jixmrc. 

The anterior or orbital svrj'acc of the greater M'ing (facies oi-bitalis) (fig. 302), 
smooth, and quadrilateral in shape, is directed forwards and inwards and 
forms the posterior part of the outer wall of the orbit. It is bounded above by 
a serrat(id edge, for articulation with the orbital iilato of the frontal; below, 
by a rounded border, which forms the poslej'o-ext(‘rnal boundary of the spheno - "h, 
njUtsillary fissure. Internally, it is limitijtl by a sliarp margin, which forms 
tlui lower boundary of the spiicnoidal fissure and has projecting from abouts** 
its centre u little tubercle of bone, which gives attachment to the inferior 
lusad of the Exti'.rnal rectus muscle of the; eyeball ; at the ujiper part of this 
maigin is a notidi for the transmission of a recurrent bram.’h of the lachrymal 
artery. Ext<‘rnally, it ])rcsents a serrated margin foi' articulation with the 
malar bone. At the inner and lower part of the anterior surface, immediately 
below lh(' inner (uut of the sphenoidal fissure, is a grooved surface, which 
forms the p«)stcrior w all of the splumo-maxiilary fossa, and on which the foramen 
rotundum o|)ens. 

Cirramferenrr (fig. 301). -Commencing from behind, that portion of the 
circumference of the greater wing which <-xtends from the body to the spine 
is-irregular. Its i nner luilf forms tile anterior boundary of the foramen lacerum , 
luudium. ami presemts tin* posterior a)M*rture of the hw tlic passage 

of the V'idian m'lve and artmy. It^i..outerJialf articulates, liy means of a 
synchondrosis, with the ])elrou.s portion of the temporal, and between the two 
bones, on the under .surface of the skull, is a furrow, the ftulcas tub< c, for the 
lodument of tin- eartijagiuous part ol the Eustaclufin tttte- Jii Trout of the 
spine the circumference presents a concave, .serrated edge, bevelled at the 
(‘xpensu of th(‘ inner table below , ami of Iht* outer table above, >iJbMj..acticu- 
Ijitcs ji ith tlio. squamous portion of tin* temporal bom*. At the tip of rfie great 
wing is a triangiHar portion, bevelled at llie (“xpense of tlu* internal surface, 
for articulation with the aiitej-o-infcrior angle oi the parietal bone; this 
region is named the idtriou. Iritc'rnal to this is a triangular, syrrati'd surface, 
for 4u -tiftul a ta on- -w-itk5K«3i’o«,tal bwic ; this .surface is continuoui4.iu.tQlnalJy 
with the slump inner edg<‘, which forms the lower boundary of the sphenoidal 
fissurr', and cxtrnnally with the serrated niiiigiii for articulation with the 
malai' Iione. I'j ^ 

The lesser wing’s or orbitosjihenoids (ahe jiarvac) are two thin, triangular 
jilates, which arise from the ujijier and anterioi’ parts the body, and, 
jirojccting transvcr.s<'ly oittwar-ds, termiiuiti- in .sharp ]ioints (fig. 301). The 
•superior surface of each is smooth, fiat, bi’oadei’ inleriially tlian externally, 
and su]jports part of t he frontal lobe of the br-aiti. 'r ijc* inj frior surface forms 
the back part of the roof of the orbit, and the iipjier bouriflary e^ \}w sphrmddal 
fissure (fissura orbitalis siqierior). This fissure is of a triangular form, and 
leads from the cavity ot the eraniiini into that of the orbit : it is bounded 
internally by tlic body; aboA'«*, by tlu* h'sser wing; below, by the inner 
margin of tl»e orbital surface of tlie greater wing; and is completed exter¬ 
nally by the frontal bone. It transmits the thii:d, tfie fourtli and the sixth ' 
nerves, the thrive branches of the ophthalmic divisioTi of the fifth nerve, some 
filamepjts from the cavernous jilexus of the sympathetio, the, orbital branch of 
tHe . middle meningesil lU’tery, a recurrent branch from the lachiymal artery 
to the duia mater, and tlic ophthalmic vein. Tlie. anterior bender is serrated for 
articulation w'ith tJic frontal bone. The posterior border., smooth and rounded, 
is ro(5eived into the Sylvfiaii fissure of the brain; the inner extremity of this 
I (order forms the anterior climnd procejia (processus elinoideus nntcrius). which 
iriycs attachment fti tlie teiitoriuni oeh-ebelli; it is sometimes joined to the 
iniddlc olinoid process by a spicule of bone, and when ti.i "occurs the termina¬ 
tion of tlie groove for the internal carotid artery is converted into a foramen 
(carotico-dinoid). Tiie lesser wfing is connected to tlio bodj'^ by two roots, the 
upper thin and flat, the lower thick and triangular; between the two roots 
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is the optic ftyramcn (foramen opticum), for the transmi849P„Qf-ihe-4jptio^i««¥® 
and ophthalmic ai-tery. . 

I’he pterygoid processes (processus ptcrygoidei), one on either side, descend 
perpendicularly frftni the points wliere the body and greater wings unite. Each 
process consists of an inteiTial and an externai plate, fused above and in front, 
but 8C[»araled below by an angular cleft, tlie pterygoid nokh (fissura pterygoidea). 
tlie margins of which are rough for articulation with the' fuberosity of the 
palate bone. Tlie two jdates diveige behind and enclose between them a 
V-shaped fossa, the pterygoid fossa (fossa ptcrygoidea). which contains the 
Internal pterygoid and Tensor palati. Above this fossa is a small, oval, 
shallow depression, the fossa scaphoidea, uliich gives origin t(> the Tensor 
palati. 'I’he anterior surface of the pter^'^goid process is broad and triangular 
near its root. A\here it forms the posterior wall of tlie spheno-inaxillary fossa 
and presents the anterior orifice of the Vidian canal. 

TJic external pterygoid plate (lamina lateralis prooe.ssus pterygoidei) is 
broad, thin, and everted ; its onttr surface forms part of the inner wall of" 
the zygomatic fossa, and gives attachment, to the External pterygoid ; its 
inner surface forms part of the pterygoid fossa, and givas attachment to th(‘ 
Internal pterygoid. 

The internal pterygoid plate (lamina medialis jirocessus pti^rygoidc'i) is mueli 
narrower and longer than the external; it curves outvards. at its lower 
extremity, into a hook-like process, the hanmlar process (hamulus pterygoidei), 
around which the tendon of tlie Tensor palati muscle glides. The outer surface 
of this plate forms part of the pterygoid fossa, the inner surface constitutes 
the outer boundary of the jjostcrior aperture of the nares. Superiorly th<‘ 
intcTiial pterygoid plate is carried inwards on the under surface fif tlie body 
as a thin lamina, named the vaginal process ; whicli articulates in front witli 
the sphenoidal pro<;ess of (he jialate and internally with the ala of the vomer. 
The angular prc)rnineuc'e between the iiosterior margin of the vaginal jirocess 
and the iimer margin ot the .scaphoid fossa is named the pterygoid tubercle, 
immediately above which is the posterior opening of the Vidian canal (canalis 
pterygoideus). On the under aspect of the vaginal process is a f^n•o\^', the 
sulcus pieryqomlaimus, which is converted into the pterygo-juilaline canal by 
the sphenoidal process of the palate bone, and transmits the jiti'rygo-palatine 
vessi'ls and the })haryngeal nerve. Projecting backwards from near the 
middle of the jiosterior edge of the internal pterygoid jilate is an angular 
process, the processus tvbnrim, w'hich supports the pharyngeal end of the 
Eustachian tube. 'I’lie pharyngeal ajioneuro.sis i.s attached to the entire length 
of the Iiosterior edge of the internal plate, and tlu; Superior constrictor of the 
pharynx takes origin 1‘rom its lower third. The anterior margin of the iriteiiial 
pterygoid plate articulates with the posteiioi’ border of the vertical plate of the 
palate. 

The sphenoidal turbinated bones (concha' sjiheiroidales) are two thin, 
curved jilates, situated at the anterior and inferior jiart of the body of the 
sphenoid ; they exist as separate pieijcs until puberty, and occasionally are 
not joined to the sphenoid in the adult. An aperture of vai'iablc size exists 
in the anterior wall of each, and through this the sphenoidal sinus opens 
into the nasal fossa. Each is irregular in form, and tapers to a point behind, 
being broader and thinner in front. Its upper surface, wliich looks towards 
the cavity of the sinus, is concave ; its under surface is convex, and forms 
part of th(! roof of the conesfionding nasal fossa. Each bone articulates in 
front with the ethmoid, externally with the palate; its pointed posterior 
extremity is placed above- tin? vomer, and is received betwecui the root of 
the pt('rygoid jiroeess on the outer side and the rostrum of the sjilu'noid on 
the inner.* 

Ossification. - Until the seventh oi- eighth month of foetal life the. body of the 
sph<moid consists of two parts—viz. one in front of the olivary eminence, the 
presphenoid, with which the lesser wings arc continuous ; the other, comprising 
the seJla turcica, the posl-sphenoid, with which are associated the grciatcir wings 

* A small portion of .sphonoiilal tarbinalcMl bone sonietimos witers into the formation of 
the inner wall of the orbit, between the os ])laiium of the etlmioifl in front, tlics orbital plate 
of the palal« below, aiifl the frontal above. Cleland, Ji'ey. See. Trans. ]8(!2. 
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and pterj'goid processes. With the exception of the internal pterygoid plates, 
the bone is ossified in cartilage. There arc fourteen centres in all (fig. 304), six 
for the pre-sphenoid and eight for the post-sphenoid division. 

Presphenoid division.— k\mut the ninth week of foetal lift an os.sific centre 
appears for each of the lesser wings (orbito-sphenoids) just outside the optic 
foramen. Shortly afterwards two nuclei for the jire-sphonoid part of the body 
appear on the inner sides of the optic foramina. The spheitoidaf turbinated bones 
are each developed from a cemtre which makes its appearance about the fifth 
month; * at birth they consist of small 


triangular laminaj, and it is not till the 
1 bird year that they become hollowed 
i>ut and cone-shaped; about the fourth 
y«iar they fuse with the lateral masses 
of the ethmoid, and between the, ninth 


h’lo. 304.-— Wan of ossification of the 
sphenoid. 

• pr/f7t -tivo ivT' nnJft'fm' 
/r sai tvtntf pnr^ trP hooly 


and twelfth years they unite with tins 
sphenoid. 

Poslsphenoid division. — The first 
ossific nuclei are those, for the greater 
wings (:ili-sph(“m)i(ls). TlieA’’ make their 
appearaiice between the foramen 
rotuiidum and foramen ovale about the 
eighth week, and from 1 hem the, <‘xternal 
pterygoid plates also are forined.t 
Soon after, the centre's for lh*' feost- 
spln'iioid ])art <»f the body a])i)(!ar, otn* 
on either side' of the' sella t.ureiea, and 




^n* /^/» /of ectoK 
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leee eenu! bh'tide'd te»ge:the'r alieeul tin; mielelle of feotal life. Each internal pte'rygoid 
{ilatei (with the e'xcejilion of its hamular prewe'S.s) is ossified it) meunbraiie, and its 
e-entre'- preibiihly appears al)e)nt tlm ninth or tenth week ; the hamular preuess 
liecemu's eliondritie'el eluiiiig the' Ihirel memth. and alme)st at once undergoes o.ssifica- 
tieni (Fawcett, op. rit.). 'Phe iiite'nial jeeins rlie external pterygejul plate about the' 


sixth memth. About the fourth numtli a centre apju'ars le)r each Jiugula anel 
spe'eelilv jenns the rest of the heme'. 


'I’lic pie-sj)he!ne»id is nniteel to the post-spheiie>id ahemi the eighth month, and ;it 
birth (fig. 303) the bone eeensists of three pie'.ees : a ce'iitral, eonsisting of the.' beedy 
and Josser wings, atid twolate'ral, each ce)mprismg a greater wing and pterygoid pro 

ce'ss. In tlu! first year aJte'i 
Fui. .‘10,3.—iSptieuoiel l)on(' at oiriii. t’e)stf'rioi' as^s'ct. birth the greater tviiigs and 

body become united, and the 
orbito-sphenoids extend in¬ 
wards above the anterior part 
of the body, and, meeting 
with each other in the middle 
line, form an elevated smooth 
surfaei!, termed the ju(jum 
sphenoidale. By the twenty- 
lifth year tlie sphenoid and 
occipital are completely fused. 
Between the pre- anil post- 
sphenoui di^ons there are. occasionally .seen the remains of a canal, the can^is 
cm«iop/iary«^N»iJ through wliieh, in early fo'tal life, the pituitary diverticulum (or 
pouch of Rathke) of the buccal ectoderm is transmitted (see. page 155). 



The sphenoid lias attached to it certain intrinsic ligaments, which have received 
.spet'ial names. The most important of these are: the pen/gospinom. which stretches 
between tlie sphenoidal spine and the external pterygoid pl'ate (see cervical fascia); the 
tnterchnotd, a filirous prodbss which passes from the anterior to the posterior clinoid 
process; and the caraica-cUnoid, which piussos from the anterior to the middle clinoid 
process. 'These ligaments occasionally ossify, and form adventitious foramina. 


* AcconUng to Cleland, the sphenoiilal turbinated bones are ossified from four distinct 

OBiitri's, 

OlnatoniMcr .inu-iger, March 15J0.3) states that the external pterygoid plate is 
icu in nicinbvane, and is uot a downward oontinuatioii of the cartilaginous great wing. 
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ATticulations— The sphenoid articulates with twelve bones: four single, the 
voTiier. ethmoid, frontal and occipital; and four paired, the parietal, temporal, malar, 
and palate. The exact exlent of arliculation with each bone is shown in the 
acco 1 II f Ilyi 1 fit;i *res. ** 

Tins Etumoii) lioxE 


T1h“ ethmoid bone (os (‘thinoidale) is an cxci'cdingly light, siiongy bone, of 
a cubical shaf>e; it is .situated at the anterior part of the liase of the cranium, 
bi'twiHui the t wo orbits, at Ibc roof of the nose, and contributes to each of these 
cavities. It consists of four parts : a horizontal or cribriform plal<‘, which 

forms part of tlie base of 
Km. :«)«. -Ethmoid bone. oranium ; a iicrpcn- 

Outer surf.‘ic<> of right liileral mas.. (cn!iirj>e.d). dicular plate, wliiidi <ioilsti- 

^ tutes part of tlu* na.sal 

sejitum ; and two lateral 



w i/4 


masses. 

The cribriform plate 
(lamina cribrosa) (fig. 3()(») 
is received into the ethmoid 
notch of the frontal bone 
and roofs in the nasal fossa*. 
Projecting ujmards from 
the nruldlc line of this plate 
is a tlu(*k. siiuioth, (ri- 
iiiuiiilar ))r()ccss, the rrisla 
.s(» called fiom its rc- 
.semblaiie'e to a cock's cemb. 
Its base joins (ho cribriform 
])latc. Its ]i().st('rior boi-dor. 
long, thin* and slightly 
(‘iirvcd, serves for tlicaltacli 
m<>nt of (iK'falxccri'bri. Its 


anterior border, .slioit ainl tl ick, articulali's uitb the frontal bone, and 


jircscnls two small projecting ahir fimns-scft, which arc rl■(*c.i\•(*d into corn* 
spoiiding de])rcssion,s in the frontal bone and complete* tin* foramen ea*i-uni. 
Its side's an* sinoot li. and sonie*time*s bulging fremi the* pn*se*ne*t* eif a small air- 



sinus in the inte'iieu*. On each side of the crista galli, the cribriform plate is 
narrow a ml ele*e*ply grooved ; it supports the bulb of the olfactory hibee of the 
brain, anel is pe*.rif)rale*d by foramina for the pas.sage of the olfaedory nerves. 
The foramina in the middle of the groove are small and transmit the nerve's 

• It. alsei .‘sometimes articulates witli tlie tuberosity of the imixilla (se-e page 242). 
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to the roof of the nose; those at tlie inner and outer parts of the groove 
are larger—the former transmit the nerves to theupper part of the nasal 
septum, tlie latter those to the superior turbinated process. At the front 
part of the cribriform plate, on tiither side of the* crista galli, is a small 
fissure mIucIi is occupied by a process of duni mater. External to this 
fissure is a notch or foramen which transmits the nasal branch of th(‘ 
ophthalmic nerve; from it a groove extends backAvards to the anterior ethmoidal 
foranjcn. 

'J’ho perpendicular plate (lamina perpendicularis) (figs. 307 and 30S) is a 
thin, llattc'iied lamella, polygonal in form, AAhicIi descends from the under 


“Ijiiivml 


surface of the cribriform 

plate, and assi.sts in forming m—RthmoicI lune from behind, 

the septum of the nose; it ^^cnnhi i/nlh 

is generally detiee.ted a little 

Th(‘ ihIrrior hiH'ifvr isthiclt(M' '' Injiiiiir iKihnnitiil inurf 

tlian the postt'i'ioi’, and ^ ;>/«/<■ 

s('i\es for the attaeliment 

of the septal earlilagc of tlu' nose. Tlu' surfaces of the jdate are smooth, 
«‘xce|)l a,bovc, Avhere numerous grooves and canals an; .seen ; these load from 
th(‘ inner foramina on the erihriform t>hd'‘ nnd halge filaments (»f the olfactory 


■M»r tnrht. *U<ui 
fmn'rss 
'iiH‘ mrahi' 


hijf iotr Ifu hiimti tl prucr 
^ plalr 


nt‘rvcs. 

'riic lateral mass (la])yrinlhus etlimoidalis) (liLf. 3(tS) consists of a number 
of thill-walled cellular cavities, the clhmoidul alls, arranged in thre(> groups, 
anf<rioi\ middle, and poslvrior, and interposeil Ix'tweim two vertical jilates of 
1)0111'; the outer plati' forms part of the orhit, the iniK'r, part of (he eorres])ond- 
iii'f iias.i! fossa. In tlicdisarticulated bone many of these ceilsare opened into ; 


l)ut when the boiu's are articulated, they 
wheri' they open into the nasal fossa. T 

I’k ;!0!(. - Klhnioiil lunie. Inner sarface 
ialci'ul mass (enlarac'it). 



arc closed in at I'very ])n.rt, exee|»t 



cells, the walls of which are com¬ 
pleted, in the articulated skull, hy 
the edges of the ethmoidal iioteh 
of the frontal bone. ('i-ossing 
this suiface arc two grooves, 
converted into canals by articu¬ 
lation with tJic frontal; (hey 
ari' the aithrior and postcrit/y 
ethmoidal canals, and opi'ii on the 
inner wall ol (he orhit. Tlie 
jmstcrior surface presents large 
irri'gnlar cellular cavities, which 
arc closed in by articulation with 
the sphenoidal turbinated bone 


and orbital pi'oeess of the palate. 
The outer surface is formed of a thin, smooth, oblong plato, the o« planum 
(lamina papyracea), AA^hich covers in tlie middle and i)oslerior ethmoidal 
cells and forms a large part of t he inner Avail of the orbit; it artieiilates 
above Avith the orbital plate of the frontal, beloAv Avith the maxilla and 
orbital process of the palate, ii\ front Avith the lachrymal, and behind AA’ith the 
sphi'iioid. 


In front of the lamina papyracea are some broken air-cells Avhich ai’c 
OA'crlapjxid and completed by the lachrymal bone and the frontal proees.s of 
the maxilla. An irregular lamina, the processus uiiciiintus, projects downAvards 
and batikAvaj'ds from this part of tlie lateral mass. This process, Avlxich is often 
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broken in disarticulating the bones, forms a, small pa«t of the inner wall of the 
maxillary sinus or antrum of Highmore, and artieulaj^s with the ethmoidal 
process of the inferior turbinated bone. 

The inner surface of the lateral mass (fig. 309) forms part of the outer 
wall of the corresponding nasal fossa. It consists of a thin lamella, 
which descends from the under surface of the cribriform plate, and 
terminates below in a fret', convoluted margin, the middle turbinated process 
(concha nasalis media). The whole of this surface is rough, and marked 
above by numerous grooves, udiicth run nearly vertically downwards from 
the cribriform plate ; they lodge branches of the olfactory nerves, w'hich are 
distributed to the mucous membtane covering the superior turbinated process. 
The back part of this surface is subdivided by a nan-ow oblique fissure, the 
superior meatus of tlie nose, which is bounded above by a thin, curved plate, the 
superior turbinated process (concha nasalis superior) ; the posterior ethmoidal 
cells open into this meatus. Below, and in front of the superior meatus, is 
seen the convex inner surface of the middle turbinated process. It extends 
along the whole length of the inner surface of the lateral mass, and its lower 
margin is free and thick ; its outer surface is concave, and assists in forming 
the middle meatus of the nose. The middle ethmoidal cells open into the 
central part of this meatus and from its front part a sinuous jmssage, termed 
the infundibulum, extends upwards and forwards through the lateral 
mass and communicates with the frontal sinus and the anterior ethmoidal 
coUs. 

Ossification.—The ethmoid is os,sified in the cartilage of the nasal cap-snle by 
three cejitres: cue lor (he perpendicular plate, and one for each lateral mass. 

The lateral masses are first developcfl, ossific graiiulc.*^ making their iippear- 
anco in the region of the os plaiinrn between the fourth and fifth months of foetal 
life, and extending into the turbinated jiroeesses. At birth, tlie bone consists of 
the two lateral masses, which are small and ill developed. During the first year 
after birth, ihc perpendicular plate and crista galli begin to o.s.sify horn a single 
nnclens, and are joined to the laferal masses al)out the beginning of the secemd 
year. The cribriform plate is os.sified paitly from the perpendicular plate an<l 
partiv from the lateral masses. The lormalioii of the ethmoidal cells docs not 
commence until about the fourth or fifth year. 

ATticulations. —The ethmoid articulates with fifteen bones; [oiir of the 
eraninm—the sphenoid, two sphenoidal turhinateds, and the frontal; and eleven of 
the face- the two nasals, two maxillas, two lachrymals, two palates, two 
inferior turhinateds, and the vomer 

SvVEinsiJMEUABY OR WoUmAN * DoNKS (oSSA SrTrRAKFM) 

In wldilicni to the constant <‘entres ot ossification of the eraninin, additional ones may 
1)0 found in the course of the sutures. These form iiregular, i.sulat/ed bones, interposed 
between the- cranial bones, and ternieci Worminn bones or ossu Iriquetru. 'They are most 
frequently found in the coui’se of the lambdoid suture, but are occasionally seen at the 
lontiinelles, especially the posterior. One, the pterion ossicle, soinetinies exi.sts between 
the anlero-inferior angle of the parietal and the greater wing ol tile sphenoid. Tliey 
have a tendency to bi' rnoiv or less symmetrical on the two sides ot the skull, and 
vary much in size, being in some enseM not larger than a pin's head, and eonfined to 
tlie outer table, in other cases so large that one pair of these liones may form the wliole of 
the oeeijutal bone above flie superior eurved lines, as described by Bedard and VV'ard. 
Their number is generally limited to two or three ; hut more than a hundnid have been 
found in the skull of an adult hydiweiibalic subject. In theii’ development, .structure, 
and mode of articulation, they resemble the other cranial bones. 


Conhknital Fissures and Gaps 

An ari-esl in the ossil>'ing procc‘ss may give rise lo defieiencies, gajis, or fissures 
which aiv of imjiortance from a mcdico-legal jioint of view, as they are liable to be mis¬ 
taken for frai tures. The fissui-es generally extend from the margins towards the centre 
of a bone, but the gaps may be found in,the middle as well as at the edges. In course 
of time they may Ijeeome fdled with thin lamime of bone. In many of these oases, 
however, the gaps must be regarded as due to absorption of bone already formed rather 

• Ole Wonn, Professor of Anatomy at Copenhagen, 1I524-16:1!>, was erroneously siipjioscd to 
have given the first detailed description of these Ixines. > 
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than as congenital defiotfuoies; this is especially the case when they appear in the 
centre of a bone such nj^ thn parietal, the ossification of which has already been described 
as ooemring in a regular manner radiating from one centre. The condition is most 
commonly seen in very badly nourished children affected with oengenital syphilis, and 
is called aantatdbei. 


OSSA FACIEI 


Tho bones of the face (os^a faciei) 

T\\ o Nasals 
T« o Maxillsp 
Two Lachrymals 
Two Malars 


fourteen in number, comprise tho 
Two Palates 

Two Inferior Turbinateds 

Vomer 

Mandible 


X^stL Bones 

The Nasal Bones (ossa nasalia) are two small oblong bones, varying in 
size and form m different individuals ; they are placed side by side at tho 

Fill. 310. —Nusal bone and lachivinal bone in fi/ii. 



middle and upper part of the face, and form by then junction, ‘tJie budge’ of 
the nose (fig. 310) Each piesents two suifaces and four boideis. The owfer 
(fig. 311) is concavo-convex fiom above downwaids, convex fiom side 


Fii.. 311.—^liight nasal bone. 
Outei suiiaie. 


Wil/i lioninl lintit 



, U lih 
i)l>/>oaifi bum 


Flu. 312.—Lett nasal lione. 
Inner snit.ice. 



With fiunfitl 

Slum 

CriHt 

11 ith 

^pnjiiiKhi ulai 
jilaft of ) fJituoiiJ 


Qtouut foi nasal iieiie 


to side; it is covered by the Pyramidalis and Compressor naai muscles, and 
periorated about its centre by a foramen, for the transmission of a small vein, 
Tho inner surface 'fig. 312) is concave from’ side to side, traversed from 

R 
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above downwards by a groove for the passage of a branch of the nasal nerve. 
The awperior border is narrow, and serrated for articulation with the nasal 
notch of the frontal bone. The inferior border is thin, and serves for the attach¬ 
ment of the upper lateral cartilage of the nose. It presents, about its middle, 
a notch which marks the termination of the groove for the nasal nerve. The 
external border is serrated, bevelled at the expense of the inner surface above, 
and of the outer below, to articulate with the frontal process of the maxilla. 
The internal border, thicker above than below', articulates with its fellow of 
the opposite side, and is prolonged behind into a vertical crest, wliich forms 
part of the septum of the nose : this crest articulates, from above downwards, 
with the nasal spine of the frontal, the perpendicular plate of the ethmoid, 
and the septal cartilage of the nose. 

Ossification.—Each bone is ossified from one centre, w'hich appears about the 
eighth week of foetal life in the membrane overlying the front part of the cartilagin¬ 
ous. nasal capsule. 

Articulations.—The nasal articulates with four bones: two of the cranium, 
the frontal and ethmoid, and two of the face, the opposite nasal and the maxilla. 

The ou Supeiuor Maxiu-aky Bones 

The Maxillae arc the most important bones of the face from a surgical 
point of view, on account, of the discnse.s to w'hich some of their parts are 
liable. They are the largest bone.s of the face, excepting the mandible, and 
form, by their union, the whole of the upper jaw. Each assists in the formation 
of three cavities—viz. the roof of the mouth, the floor and outer wall of the 
nose, and the floor of the orbit; it also enters intp the formation of two io^ie, 
the zygomatic and spheno-maxillary, and tw'o fi ssure s, the sphcno-maSUaiy ' 
and pterygo-maxillary. “ f /, ' I , 

Each bone consists of a body and four processes— zygomat ic, frontal, 
alveolar, and palatal. ' i i 

The body (corpus maxillae) is .somewhat pyramidal in shape, and contains a 
large cavity, the arUrum of Highmore, or maxillary sinus. Its surfaces are four 
—an anterior or facial, a posterior or zygomatic, a superior or orbital, and an 
internal or nasal. 

The anterior ov facial surface (facies anterior) (fig. 313) is directed fojwards 
and outwards. It presents at its lover part a .series of eminences cori-e- 
’.<»jspondiiig to the positions of the fangs of the teeth. Just above those- of the 
inci.sor teeth is a depression, the incisive fossa, w'hich gives origin to the 
Depressor alae nasi; to the alveolar border below the fossa is attached a slip 
of the Orbicularis oris ; above and a little external to it, the Compressor nasi 
arises. More external is another depression, the canine fossa (fossa canina), 
larger and deeper than the incisive fossa, from whicTi it is separated by a 
vertical ridge, the cxinine eminence, eoiresponding to the socket of the canine 
tooth. The canine fossa gives origin to the Levator ang'uli oris. Above 
the fossa is tJie infra-nrhital foramen (foramen infraorbitale), the termina¬ 
tion of the infra-or^al tianal; it transmits the infra-orbital vessels and 
nerve. Above the foramen is the margin of the orbit, w'hich affords partial 
attachment to the Levator labii superioris. Internally, the facial surface is 
limited by a deep cojioavity, the jaasal-awicJi (ineisura nasaJis), the margin of 
W'hich gives attachment to the Dilator naris posterior and terminates below in 
a pointed process, \ik»-(mkrior^mased^spine (spina nasalis anterior). 

I’he po-i'imor or zygomatic surface (facies infratcmporalis) (fig. 313) is convex, 
directed backw'urds and outw'ards, and forms part of the zygomatic fossa'. 
It is separated from the facial surfatic by the zygomatic process and by a 
strong ndge, which extends upwards from the socket of the first molar tooth. 
It is pierced about its centre by the apertures of the 'poste rior den tal 
camh. (QjUiaies ^lyeolares). which transmit the {xtstorior dental vessels and 
nerves. At the lower part of this surface is a rounded eminence, the maxillary 
tuberosity (^uhgjLjmuullare), esjiecially prominent after the growth of the 
wusdom-tooth ; it is rough on its inner side for articulation with the tuberosity 
of the palate-bone and in some cases articulates with the external pterygoid 

f date of the sphenoid. It gives origin to a few fibres of the Internal pterygoid, 
mmediately above this is a -am ooth surfac e, which forms the anterior boundary 
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of the spheno-maxillaiy fossa, and fo^* the second division 

of the fifth cranial nerve ; this groove isdixii^d outwards and slightly upwards, 
and becomes continuous with the infra-orbital ^oovo on Jihe orbital surface. 

The superior or orbital surface (facies orbitalis) (fig. 313) is mooth and 
triangular, and formg the greater part of the floor of the orbit. It is bounded 
intfygglly by anlrfegular mai’gin which in front presents a notch, the IdcMy indJ 
notch (incisura lacrinialis); behind this notch the margin art iciilates with the 
lachrymal, the os planum of the ethmoid and the orbitfl process of the palate. 

It is bounded, hehivd by a smooth rounded edge which forms the anterior 
margin of the s phep o-maxillaiT fissure, and sometimes articulates at its outer^ 
extremity with the orbital plate of the sphenoid. It is limited in fr ont by 
part of the- circumference of the orbit, wliich is continuous on the inner side 
with the frontal process, and on the outer side with the zygomatic process. 
Near the middle lino of the posterior part of the orbital surface is a deep 
groove, the infra-orbital (sulcus infraorbitalis), for the passage of the infra¬ 
orbital vessels and nerve. The groove begins at the middle of the posterior 
border, wliere it is continuous with that near the upper edge of the posterior 


Fid. 313. —-Ijeft maxilla. Outer surface. 
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surface, and, passing forwards, ends in a canal, which subdi%ddes into two 
branches. One of the canals, the infra-orbital (canalis infraorbitalis), opens 
just below the margin of the orbit; the other, which is smaller, runs down¬ 
wards in the substance of the anterior wall of the antrum ; it is called the 
tivicrior dental canal, and transmits the anterior dental vessels and nerve to 
the front teeth of the maxilla. From the back part of the infra-orbital canal, 
a second small canal is sometimes given off, which runs downwards in the 
outer wall of the antrum, and conveys t.he..j)jiddlo dent al ner ve to the bicuspid 
teeth; occasionally, this canal is derived from the anterior dental. At the 
inner and fore part of the orbital surface, just external to the lachrymal groove, 
igja depresai.Qn, which gives origin to tho.Inferior oblique musclfi..of,llie eyeball. 

The internal surface (facies nasalis) (fig. 314) presents .a large, irregular 
opening leading into the antrum, of Hiahmor e. ACjyje bpper border of this 
aperture are some broken’ ^-c ^Us. which, in the articulated skull, are closed 
in by the ethmoid and lachrymal bones. Bdgw the aperture is a smooth 
concavity which forms part of the inferior ineaius. qL the nieeil Jpsgai. a“d 
b e h in d... it is £|^.rough..attmw;e. for articulation with the perpendicidar plate of 
the palate bone ; this surface is traversed by a groove, commencing near the 
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middle of the posterior border and ronning obliquely downwards and for¬ 
wards ; this groove is converted into a canal, the Gie 

palate bone. In froqt of the opening of the ant mni is a deep groove, the ZacAri/wnf 
gpjtive (sulcus lacrimalis), which is converted into a c^nial (canidis nasolacriin|j3l^ 
Sy the lachrymal and inferior turbinated bones; this caruil opens into the 
inferior meatus of the nose and transmits the nasaLduct. More anteriorly is 
a well-marked oblique ridge, the ip/eriax ( ffljata pqncb atisK for 

articulation with the inferior turbinated bone. The shallow concavity "ahove 
this ridge forms part of the atrium of the middle meatus of the nose; while 
that below it forms part of the inferior meatus. 

The an trum of Highmore (sinus maxillaris) is a large pyi-amidal cavity, 
hollowed out of the body of the maxilla : iUuiijiec, directed outwards, is 
formed by the zygomatic process; if.s hriMP. directed inwards, by the outer wall 
of the nose. Tie are everywhere exceedingly thin, and correspond .to .the 
orbital, facial, and zygomatic surfaces of the body of the bone. Its imiexjmiUi 
or has f. presents, in the disarticulated bone, a large, irregular aperture, which 

Fia. 314.—Left maxilla. Inner surface. 


fronitil 



communicates with the nasal fossa. In the articulated skull this n.pp.rtiir <> is 
;■) miush reduced in size Ijy the following bones: the uncinate nf fi». 

ethmoid above, the ethmoidal process of the inferior turbinated Mow, the 
vertical pkte_QfJ-ji£j>alateJ}filimd, and a small.paxt.oflheJaciirymaI above 
"7 and in front. It commttoi8»ka,with the middle meatus of the nose, generally 
by J;wiX«iaallap«a:tuies left between the above-mentioned bones. In the recent 
state, usually only one small opening exists, near the upper part of the cavity, 
sufficiently large to admit the end of a probe ; the other is closed by mucous 
membrane. Qa the. poderior tmll are the posterior dcTital transmitting 

the posterior dental vessels and nerves to the molar teeth. The Jlpor i» formed 
by the alveolar process of the jaw, and, in a cavity of average size, is on a level 
with the floor of the nose ; where the cavity is large it reaches below this level. 

Projecting into the floor of the antrum are several conical processes, 
corresponding to the roots of the first and second molar teeth :* in some cases 
the floor is perforated by the fangs of the teeth. The infra-orbital canal usually 

• The number of teeth whose fangs are in relation with the floor of the antrum is variable. 
The antrum ‘ may extend so as to be in relation to all the teeth of the true maxilla, from the 
canine to the de7U napimtio!.’ —(Salter.) 



MAXILLiE 


246 


projects into the cavity as a well-marked ridge which passes downwards and 
inwards from the roof to the anterior wall'? additional ridges are sometimes 
seen in the posterior wall of the cavity, and are cau^d by the posterior 
dental canals. The size of the cavity varies in different skulls, and even on 
the two sides of the same skull. Aldren Turner {op. cit.) gives the following 
measurements as those of an average-sized antrum; vertical height opjioaite 
first molar tooth, 1^ in. ; transverse breadth, 1 in. ; and antero-posterior 
depth, IJ in. 

Applied Anatomy. —The extreme thinness of the walls of this cavity affords an 
explanation of the fact that a tumour growing from the' antrum and encroaching upon 
the adjacent parts may push up the floor of the orbit, and displace the eyeball; may 
project inwards into liie nose; may protrude forwards on to the check; or may make 
its way backwards into the zygomatic fossa, or downwards into the mouth. 

The zygromatic or malar process (processus zygomatieus) is a rough 
triangular eminence, situated at the angle of separation of the facial. 
Zygomatic, and orbital surfaces. JnJrorU it forms part of the facial surface ; 
b ehin d, it is concave, and forms part of iTie zygomatic fossa ; jp-bovc, it is 
rough and serrated for articulation with the malar bone ; wliiJe belom, it 
a pi’ominent arched border wliich marks llie division between th(^ 
facial and zygomatic surfaces. 

The frontal or nasal process (processus frontaUs) is a strong plate, which 
projects u])wards, inwards, and biUikwards, by the side of the nose, forinjng 
part, of its lateral boundary. Its external .surface is smooth, continuous with 
tli<! facial aspect of tlie body, and gives atiaghinent to the Levator labii 
superioris ala*que nasi, the Orbicularis palpebrarum, and tlie Tendo ocuJi. 
Its inter ml s urface .forms part of the out er wall of the nasal fossa; at its 
upper part is a rougli, uneven area, vhicli articulates with tlie ethmoid bone, 
closing in the anterior ethmoidal ecUs ; below this is an oblique ridge, tlie 
superior turbinated cred (eiista ethmoidalis), the postixiur-ciid of which 
a rticg lab-K with the middle turbinated process of the ethmoid, wliile the anterior 
part is termed the ayger nasi ; tlic crest forms the upper limit of the atrium 
of the middle meatus. Its upper Under articulates with the frontal and its 
fthMcior Avith the niisal; its posterior, border is thick, and hollowed into a groove, 
Avliich is continuous beloAA Avitli the lachrymal groove on the inner surface of the 
body : by t he .articulation of the inner margin of the groov^e AA’ith the anterior 
border of the lachrymal a corresponding groove on tlie lachrymal is brought 
into continuity, and togctlier they form the lachrymal ftmaJiox the lodgment 
of the lachrymal sac. The outer maigin of the groove is named the crist a 
Jacrimalis aiitcrior, and is continuous beloAv with the orbital margin; at its 
LlPyi-t iuiL.AA'it.h the grbitp,! yj;rfagg is a sni.all tubercle, t}iQ,.lachrynifil tubercle, 
Avhk'h serves as a guide to the position of the lachrymal sac in the operation 
for fistula laorimalis. 

TJie alveolar process (])roces8usal\ colaris) is the tliickest and most spongy 
[)art of the bone. It is broader behind than in front, and excavated int o dticp 
cavities for the reception of the teeth. These cavities arc eight.in number, and 
vary in size and depth according to the teeth they contain. That for the 
canine tooth is the deepest; those for t he molars are the widest, and are sub¬ 
divided into minor cavities by sejita ; those for the incisors arc single, but deep 
and narrow. The Buccin ator .arises from the outer surface of this process, as 
f.ar forward as the S^sTmoIai* tootli'. When the maxilla? are articulated with 
each other, their alveolar processes together form the afi;co(af grcA ; the centre 
of the anterior margin of this arch is named the aLmdat. point. 

The palatal process (processus palatinus), fthick and strong, projects 
horizontally inwards? from the inner surface of the bone. It forms a consider¬ 
able part of the floor of the nose and the roof of the mouth and is much 
thicker in front than behind-"^ Its jnferiiyr .<tp . ffn cp. (fig. 315) is concave, rough 
"and uneven, and forms, with the palatal process of the opposite bone, the 
anterior three-fourths of the hard palate. It is perforated by numerous 
foramina for the passage of the nutrient vessels; is channelled at the bach 
part of its alveolar border by a-groove, sometimes a canal, for the trans- 
miiaaion of the posterior palatine A^essels, and .the anterior o£.Jarge palatine 
f rom Meckd’s gangUpn ; and pre sents little d epressions for the lodgment 
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of the palatine glands. When the two maxillse are articulated, a depression, 
the ^ntf-ior seen in the middle line, immediately behind 

Li&r*SSl§2L t eeth. t)n examining the bottom of this fossa fnnr are 

visible: tu'-O ar e situat ed’iatcrdlijy .‘Uid two in the mid^e Upe. T he lateral 
canals ,,aye named the incisvr foramina'OT Jordidi^'^l fitp.nson T they 
tlie remains of the organ of Jacobson, and through each of them passes 
tJhe...tenninal, blanch o£ the ■ postei^ipr , palatine . arten% which ascends from the 
mouth to the nasal fossa. The canals in the middle line are tenned the 
foxasadna of Scarpa, and transmit tlie naso-pala tine nerves , the left passing 
through-tha, anterior, and the right tKough "the posterior canal! On the 
under surface of the palatal process, a delicate linear suture, well seen in 
young skulls, may sometimes be noticed extending outwards and foiwards 
from the anterior palatine fossa <0 the interval between the lateral incisor 
and the canine tooth. The small part in front of this suture constitutes the 
premaxilla or os incisivum. which in most vertebrates forms an independent 

Fi(}. 315.—^The palate and alveolar arch. 


foramina of Hiennon 



Jioi KoniiJ piolv of fHilofr htmr .1 ot'i/ juijfihur f n)infs 


bone. It includes the whole thickness of the alveolus, the (iorresponding 
part of the floor of the nose and the anterior nasal spine, and contains the 
sockets of the incisor teeth. 'Xho^pper .surface of the palatal pi-ocess is con¬ 
cave from side to side, smooth, and forms tlie gn-atei* i)art of the floor of the 
nasal fossa. It presents, close to its innei- margin, the upper orifice of the 
foramen of Stenson. The outer border of the jirocess is incorporated with 
the rest of the. bone. Tlie inner Inmler is thieker in front than behind, and is 
raised above into a ridge, the nasal crest (crista nasalis), w'hich, with the 
corresponding ridge of the opposite bone, fonus a groove .^ the reception of 
the vomer. The front part of this ridge rises to a considerable height, and is 
named the fnciwr.cresi; it is prolonged forwards into a sharp process, which 
forms, together with a similar jiroeess of the opposite bone, the anterior. mosoL 
npine . (spina nasalis anterioi ). The middle of the inferior border of the anterior 
nasal aperture at tiie base of the nasal spine is named the subnasal pmvt. The 
posterior border is serrated for articulation with the horizontal plate of the 
palate-bone. 
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Ossification.—The maxilla begins to ossify at a very early period, and ossifica¬ 
tion proceeds in it with such rapidity that it is difficult to ascertain witfi 
certainty its precise number of centres. It appears probably however, that it is 
ossified from s ix cent res, which are deposited in membrane. 
forms that pbrO^TorThe body of the bone which lies internal to the infra-orbital 
canal, including the inner part of the floor of the orbit and the outer wall of 
the nasal fossa ;-jt second,.,thfi mfliar, or. aygomatic, ^ves origin to the portion 
which lies external to the infra-orbital canal, including the zj'goniatic process; 
from ^J;hird, the is developed the palatal process posterior to Stenson’s 

canal Together“ wiSh* tlie adjoining part of the nasal wall; a fourth, the pre- 
max ilhru,. forms the front part of tlio alveolus which carries the incisor teeth and 
corresponds to the prcmaxilla of the lower verti'brates ;* a fifth, the nasal, gives 
rise to the frontal process and the portion above the canine tooth; aqd a siyth. 
the itifravomerine, lies between the palatine and premaxillary centres and 
beneath the vomer; this centre, together with the corresponding centre of the 
opposite bone, separates the foramina of Stenson from each other. These various 


Fio. 316.—^The maxilla at birtli. 
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centres appear about the eighth week, and by the tenth week the bone consists of 
two f)ortious, one the maxilla proper, and the other the premaxilla. The suture 
l)t‘tw(!en those two portions pcirsists on the palate till middle life, but is not to be 
seen on the facial surface. This is believed l)y Gallender to be due to the fact that 
the front wall r)f the sockets of tin* incisor teeth is not formed by the premaxillary 
bone, but by an outgrowth from tlie facial part of the maxilla jiropor. The 
antrum is developed at an earlier period than any of the other accessory nasal 
sinuses; it ajipears as a shallow groove on the inner surface of the bone about 
the fourth inontii of fo'tal life, but does not reach its full size until after the. second 
dentition. Thii sockets for the teeth are formed by the downward growth of two 
plates from the dental groove, and l\v the subsequent development of partitions 
jutting across from the one to the other. 

Articulations.—The msixilla articulates with nine bones : tw'o of the cranium, 
the frontal and ethmoid, and seven of the face—viz. the nasal, malar, lachrymal, 
inferior turbinated, ]>alate, vomer, and its fellow of the opposite side. Sometimes 
it articulates with the orbital plate, and sometimes with the external [iterygoid 
plate of the sphenoid. 

(Jhan(je.s rnonucEU in the Maxiij.a by Age ■ 

At birth the transverse and anlero-postcrior diameters of the bone are each greater than 
the vortical. The frontal process is well marked and the body of the bone consists of little 
more than the alveolar process, while the teeth-sockets reach almost to tlic floor of the 
orbit. The antrum of Highmore presents the appearance of a slit-like furrow on the 
outer wall of the nose. In the adult the vortical diameter is the greater, owing to the 
development of the alveolar process and the increase in size of the antrum. In old ago 
the bone reverts in some measure to the infantile condition: its height is diminished, 
and after the loss of the teeth the alveolar process is absorbed, and the lower part of the 
bone contracted and diminished in thickness. 

The Lachrymal Bones 

The Lachrymal Bone (os lacrimale), the smallest and most fragile bone 
of tho face, is situated at the front part of the inner wall of the orbit (fig. 310). 

* Some anatomists believe that the premaxillary bone is ossified Ijy two centres (see 
page 285). 
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Fig. 317. —licft lachrymal 
bone. E?{ternal snrfacc. 
(Slightly enlarged.) 


It presents for examination two su rfaces and four b orders. The external or 
orbital surface (fig. 317) is dividecTSy a vertical ridge, ^elaclL rumal crest ( crista 
laij^iinSis posterior)^ into two parts. The portion in front of this crest presents 
a longitudinal groove (sulcus iMrimalis), the inner margin of which unites with 
the frontal process of tfie maxilla, and the lachrymal fossa is thus completed. 
The upper part of tliis fossa lodges the lachryma l sac, the lower part, the 
nasals,xluot. The. portion behind the crest is smooth, and forms part of 
the inner wall of the orbit. The crest , with a part of the orbital surface 
immediately behind it, gives origin to the Tensor tarsi muscle, and terminates 

’Tielbw in a small, hook-like projection, theJuutiuZor 
(hamulus lacrimalis), which articalates-with 
t£e laclirymal tubercle .of ..the maxilla, and com' 
pletes the upper orifice of the lachrymal canal. 
It sometimes exists as a separate piece, and is 
then called the lessjr lac hry iml hone. The internal 
or nasal surfac e presents a longitudinal furrow, 

(torrespondingto the crest on the outer surTiu^e. 
The area..iDLj£pnt. of this furrow .foxnjs part of 
the middle meatus of the nose ; that .jbehjnd it 
articulates with the ethmoid bone, and conij)letes 
some of the anterior ethmoidal cells. Of the four 
borders the ant erior is the longest, and articulates 
with the frontal process of the maxilla. The 
posterior, thin and uneven, articulates with the os 
planum of the ethmoid. The ,yttpe?for, the shorte.st 
and thickest, artieulatos with tlie internal angular 
Tim inferior is divided by the* lower (idge of the verticial 
the posterior part articulates with the orbital j)la1e of 
tlu' maxilla ; the anterior is prolonged downwards as the descending or turhinal 
process, which articulates with the lachrymal ])roeess of the inferior turbinated 
hone, and assists in forming the canal for the nasal duet. 

Ossification.—Theluehrymal is ossified from a. singl e centre, which appears about 
the eighth or ninth week in the membrane covering the cartilaginous nasal ca]).sule. 

Articulations.—The lachrymal articulates with lour bones: two of tins cranium, 
the front,'ll and ethmoid, and two of the face, the maxilla and the inferior turbinated. 
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process of the frontal, 
i rest into two parts : 


Thk Malar or Zygomatic Bones 

The Malar or Zygomatic Bone (os zygoinaticum) is .a small, quadrangular 
bone, sitvtttrted al the upper and outer part of the face : it forms the jirominencc 
of the cheek, part of the outer w'all .and floor of the orbit, and jiarts of the 
temporal and zygomatic fossa^ (fig. 318). It presents an external and an 
internal surface; four processes, tire fronto-sphenoidal, orbital, iiiaxillary, 
and temporal or zj'gomatic ; and four borders. 

'The extenuil surface (faeiiis maJaris) (fig. 319) is convex and perforale-d 
near its centre by a small aperture, the malar foramen (foramen zygouialico- 
fai'ialu), for the passage of the malai’ nerve and vessels, Tt is covered by the 
Orbicularis palj)ebrarum, and pi'i'scnts, below the malar foramen, a slight 
elevation, i^nwUar tubercle, which gives origin to the Zygomatiei. 

The infernal surface (facies temporalis) (fig. 320), directed backwards and 
inwards, is coucave. presenting internally a rough, triangular area, for articu¬ 
lation with the maxilla, and extem<ally a smooth, concave surface, the ujiper 
part of which foi rns the anterior boundary of the temporal fossa, the lower 
a part of the zygomatic fossa. On this surface, a little above its centre, is 
the aperture of a malar canal (fprjpnen . z^gomaticotemporaje), for the 
transmission of the temporal branch of the temporo-maJar nerve, 'j < 

The fronto-sphenoidal process is thick and serrated, and articulates 
with the extei’nal angular process of the frontal bone. To its orbital margin 
is attached the external tarsal^ ligament. 'The orbital process is a thick, 
strong plate, projeeSng BacEwards and inwards from the orbital margin. 
Its antero-intemal surface, smooth and concave, forms, by its junction with 
the orbital surface of the maxilla and with the greater wing of the sphenoid, 
part of the floor and outer wall of the orbit. On it are seen tlie orifices of two 
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canaJs (foramina zygomaiicoorbitalia); one of these canals opens into the 
leinporaJ fossa, the other on the anterior surface of the bone; the former 
transmits the temporal branch, the latter the malar brancji of the temporo- 
malar nerve. Its 'postero-extervM surface, smooth and convex, forms parts of 

Fia. 318.—Right malar bone in situ 


Fronto-ijjhfnnirifil /irurritii Krt. ungnlurprocruii 



tlio zygoinatic and temporal foss:e. Us ant(rinr murgm, smooth and I'oundod, 
foijiis part of the ciicumfeience of the orbit. Its superior maryin, rougli, and 
<lir(*(;te<l horizontally, articulates witli the frontal bone behind the external 
angular process. Its posterior maryiii is serrated for articulation with tin', 
greater wing of the sphenoid and the orbital siiifa.ce of the maxilla. At 


Fu!. 3lit—Left malar bone. 
Outer suifaco. 



I'm. 320.—Left malar bone. 
Inner .surface. 

lit#// froiifuf 



the angle of junction of the sphenoidal and maxillary portions, a short, rounded, 
non^rticular margin is generally seen; this forms the anterior, bounrlary 
of the sphcno-maxillary fissure : occasionally, this non-articular margin does 
not exist, the fissure being completed by the junction of the maxilla and 
sphenoid, or by the interposition of a small Wormian bone in the angular 
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interval between them. The maxillary process is a rough, triangular surface 
which articulates with the maxilla. The temporal process, long, narrow, and 
serrated, articulates with the zygomatic process of the temporal. 

Of the fow borders, the antero-superior or orbital is smooth, concave, and 
forms a con.siderabIo part of the circumference of the orbit. The arUero-inferior 
or maxillary border is rough, and bevelled at the expense of its inner table, to 
articulate with the maxilla ; near the orbital margin it gives origin to the 
Levator labii superioris proprius. The postero-superior or temporal border, 
curved like an italic letter /, is continuous above with the commencement of 
the temporal ridge, and below with the upper border of the zygomatic arch . 
the temporal fascia is attached to it. The postero-inferior or zygomatic border 
affords attachment by its rough edge to the Massetcr. 

Ossification.—The malar hone ossifies generally from three c entres —pne for 
the zygomatic and two for the orbital portion; these appear about the eighth 
week and fuse about the fifth month of foetal life. After birth, the bone is 
sometimes divided by a horizontal suture into an upper larger, and a lower 
smaller division. In some quadrumana the malar bone consists of two parts, an 
orbital and a malar. 

Articulations.—The malar articulates with four bones : the frontal, sphenoid, 
temporal, and maxilla. 

The Palate Bones 

The Palate Bone (os palatinum) is situated at the back part of the nasal 
fossa between the maxilla and the pterygoid process of the sphenoid (fig. .321). 
It contributes to the walls of three cavities ; the floor and outer wall of the 
nose, the roof of the mouth, and the floor of the orbit; it enters into the 
formation of t^'o fossa?, the sphcno-maxillary and pterygoid; and one fissure, 
the spheno-m.axillaiy. The palate bone somewhat resembles tlje letter Tj, and 
consists of a horizontal and a vertical plate and three outstanding processes 


Pio. 321.—Palate l)one in situ. 



—viz. the i>yramidfil process or tuberosity, which is directed backwards 
and outwards from the junctioit of the plates, and the orbital and splienoidal 
processes, which surmount tlie vertical plate, and are separated by a deep notch, 
the spheno-palatine notch. 

The horizontal plate (pars horizontalis) (figs. 322 and 323) is quadri¬ 
lateral, and has two surfacics and four borders. The superior surface, concave 
from side to side, forms the back part of the floor of the nose. The inferior 
surface, slightly concave and rough, forms, vidth tlie con-esponding surface 
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of the opposite bone, the posterior fourth of the hard palate. At its 
posterior part may be seen a transverse ridge, more or ]e.SB marked, for the 
attachment of part of the aponeurosis of the Tensor palati. 3?he anterior border 
is sen-ated, and articu¬ 
lates with the palatal Fw. 322.—Left palate bone. Internal view. (Knlaiged.) 


lates with the palatal 
jirocess of the maxilla. 
The posterior border is 
concave, free, and serves 
i for the attachment of the 
‘\Boft palate. Its inner 
stremity is sharp and 
pnted, and, when united 
th the opposite bone, 
forms a projecting pro- 
ce»ss, the posterior nasal 
spine (spina nasalis pos¬ 
terior) for the attach¬ 
ment of the Azygos 
uvulae. The external 
border is united with the 
lower part of the per¬ 
pendicular plate, and is 
giooved by the lower end 
of the posterior palatine 
canal. The internal 
liorder, the thickest, is 
serrated for articulation 
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with its fellow of the opposite side; its superior edge is raised into a ridge, 
which, united with the ridge of the opposite bone, forms a crest for articulat ion 
with the posterior part of the lower edge of the vomer. 

The vertical plate (pars perpendicularis) (figs. 322 and 323) is thin, of an 
oblong form, and pnssents two surfaces and four borders. 

The iulernal surface, (facies nasalis) exhibits at its lower part a broad, 
shallow dc'pvession, which forms })art of the inferior meatus of the nose. Imme¬ 
diately above this is a well-marked 
Fig. .323.—^Lcft palate bone. Posterior view, horizontal ridge, the interior tur- 
(EnlarRcil.) binated crest (crista ('onchalis), f(-r 

articulation with the inferior tur¬ 



binated bone ; still higher is a 
second broad, shallow deprc.ssion, 
which forms jiart of the middle 
meatus, and is limited above by a 
horizontal ridge less prominent than 
the inferior, the superior turbinated 
crest ((uista <‘1 hmoidalis), for articu¬ 
lation with the middle turbinated 
process. Above the superior tur¬ 
binated crest is a narrow, horizontal 
groove, which forms part of the 
su])erior meatus. 

The external surfoec (facies 
maxillaris) is rough and irregular 
throughout the greater part of its 
extent, for articulation with the 
inner surface of the maxilla; its 
upper and back part is smooth 
where it enters into the formation 
of the spheno-maxillary fossa; it is 


also smooth in front, where it covers 
the posterior part of the orifice of the ant rum. Towards the posterior part of 
this surface is a deep vertical groove, converted into the posterior palatine 
extnal, by articulation with the maxilla; this canal transmits the posterior or 
descending palatine vessels, and the large palatine nerve. 
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The anterior border is tliin, irregular, and presents, opposite the inferior 
turbinated crest, a pointed, projecting lamina, the maxillary proceas, which is 
directed forwards, /ind closes in the lower and back part of the opening of the 
antrum of Highmore. The posterior border (fig. 323) presents a deep groove, 
the edges of which are serrated for articulation witli the internal pterygoid plate 
of the sphenoid. This border is continuous above with the sphenoidal 
process ; below it expands into tlie pyramidal process or tuberosity. The 
superior border supports the orbital process in front and the sphenoidal 
I)roces8 behind. These processes are separated by the spheno-palotine notch 
(ineisura sphenopaJatina), which is converted into the spheno-palatine. foramen 
by the under surface of tlui body of the sphenoid. In the articulated skull 
this foramen loads from the spheno-uiaxillary fossa into the posterior part of 
the superior meatus of the nose, and transmits the spheno-palatine vessels 
and the superior nasal and naso-palatinc nerves. The inferior border is 
fused with the outer edge of the horizontal plate, and immediately in front 
of the tuberosity is grooved by the lower end of the posterior palatine 
canal. 

The tuberosity or processus pyramidalis projects backwards and out¬ 
wards from the junction of the horizontal and vertical plates, and is received into 
the angular interval between the lower extremities of the pterygoid plates. 
On its posterior surface is a median, grooved, triangular area, limited on 
eitliei- side by a rough articular furrow. The furrows articulate with the 
jjterygoid plates, while the grooved intermediate area comjdetes the lower 
j)art of the jiterygoid fossa and gives origin to a few fibres of the Internal 
jjterygoid. Th(“ anterior part of the outer surface is rough, for articulation 
with the tiibei'osity of the maxilla; its jiosteiior jiart consists of a smooth 
triangular area w’hich appears, in the articulated skull, between tht' tiibei-osity 
of the maxilla and tlu; lower part of the extcmal pterygoid plate, anti completes 
the lower part of the zygomatic fossa. The base of the tuberosity irresents, 
elqsc to its union with the horizontal plate, the apertures of the posterior and 
accessory palatine catials (foramina palatina minora) for the transmission of 
the posterior and external palatine nerves. 

The orbital process (processus orbitalis) is jdaced on a higlier level than 
tire sphenoidal, and is directed ujiwards and outwards from the front part of 
the vertical plate, to rvhieh it is connected by a constricted neck. It presents 
five surfaces, wliieh emJose an air-cell. Of these surfaces, three are articular 
and two non-artieular. The articular surfaces are : (1) the anterior or maxillary, 
dircckid forwards, ourivards, and downwards, of an oblong form, and rough 
for articulation Avith the maxilla; (2) the posterior or sphenoidal, directed 
backwards, upwards, and inwards ; it prc.sents the opening of the air-cell, 
which usually (iommunieates with the sphenoidal sinus ; the margins of the 
opening are serrated for articulation with the vortical part of the sphenoidal 
turbinated bone ; (.3) the ivlernal or ethtnoidnl, directed inwards, upwards, and 
forwards, artiimlates with tin; lateral mass of the ethmoid. In some cases, the 
cellular cavity above itumtioiicd opens on this surface of the bone; it then 
communicates with the posterior ethmoidal cells. More rarely it op<‘ns on both 
surfaces, and then communicates with the posterior ethmoidal cells and the 
sjihenoidal sinus. The non-articular surfaces are : (1) the superior or orbital, 
directed ufiw'ards and outwards, is triangular in shape, and forms the back j)art 
of tlie floor of the orbit; and (2) the external or zygomatic, of an oblong form, 
is directed outwards and downwards towards the spheno-maxillary fossa : it is 
s(‘()arated from the orbital surfaeci by a rounded border, which enters into the 
formation of the spheno-maxillary fissure. 

The sphenoidal process (processus sphenoidalis) is a tliin, comjiresscd 
plaU\ much smaller than the orbital, and directed ujjwards and inwards. It 
jirescnts three surfaces and two borders. The superior surface articulates 
with the root of the pterygoid process and tlie under surface of the sphenoidal 
turbinated bone, its inner border reaching as far as the ala of the vomer; it 
jiresents a gioove which contributes to the formation of the ptcrygo-palatine 
canal. The internal surface is concave, and forms part of the outer wall of 
the nasal fossa. The external surface is divided into ah articular and a non- 
articular portion : the former is rough, for articulation with the inner surface 
of the internal pterygoid plate of the sphenoid; the latter is smooth, 
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and forms part of the spheno-maxillary fossa. The anterkyr border forms 
the posterior boundarj' of the spheno-palatine notcht The posterior border, 
serrated at the expense of the outer table, articulates with the inner surface 
of the interhal ptenrgoid plate. * 

TJie orbital and sphenoidal processes are separated from one another by 
the spheno-palaiine notch (incisura sphcnf>palatina). Sometimes the two 
jiroeesses are united above, and form between them a complete foramen 
(fig. 322), or the notch may be crossed by one or more spicules of bone, giving 
rise to two or more foramina. 

Ossification.—The palate bone is ossified in membrane from a single centre, 
which makes its appearance about the sixth or eighth week of fcetal life at the 
angle of junction of the_ two plates of the bone. From this point ossification 
S 2 )reads inw^ards to the horizontal plate, downwards into the tuberosity, and 
upwards into the vertical plate. Some authorities describe*, the bone as ossifying 
from four centres ; one for the tuberosity and portion of the vertical plate behind 
the posterior palatine groove ; a second for the rest of the vertical and the 
horizontal plates : a third for the orbital, and a fourth for the sphenoidal process. 
At the time of birth thci height of the vertical plate is about equal to the trans¬ 
verse width of the horizontal plate, whereas in the adult the former measures 
about twice as much as the latter. 

Articulations.—The palate articulates with six bones ; the s])henoid, ethmoid, 
maxilla, inferior turbinated, vomer, and opposite palate. 

The Ineerioh Tuebinated Bone.s 

The Inferior Turbinated Bone (concha nasalis inferior) extends horizontally 
along the outer wall of the nasal fossa (fig. 324) and consist s of a lamina of 
sfjongy bone, curled ujioii itself like a scroll. It i)rosents taaJL-SUxfaces, turn 
borders, and two extremities. 

The internal surface (fig. 32.5) is convex, perforated by numerous ajjertures, 
and traversed by longitudinal gi'oovea for the lodgment of vessels. Ther;c- 
trrnal surface is concave 
(fig. 326), and forms part 
of the inferior meatus. 

Its upper border is thin, 
irregular, and connected 
to various bones along 
the outer wiill of the 
nose. It may be divided 
into tliree portions: of 
t hese, the anterior articu¬ 
lates with the inferior 
turbinated crest of tlie 
maxilla; the posterior 
with the inferior tur¬ 
binated crest of the 
palate ; the middle j)or- 
tion preseuts three well- 
nvarked processes, whicli 
vary much in their size 
and form. Of these, the 
anterior and smallest is 
situated at the junction 
of the anterior fourth 
with the posterior three- 
fourths of the bone: it is 
small and pointed, and is 
cj^ed the lachrymal process (l^rocessus lacrimalis) ; it articulates, by its apex, 
with the descending or turbinal process of the lachrymal bone, and, by its 
margins, Avith the groove on the back of the frontal process of the maxilla, 
and thus assists in. forming the canal for the nasal duct. Behind this process 
a broad, thin plate, the ethmoidal process (processus ethmoidalis) ascends to 
join the uncinate process of the ethmoid ; from its lower border a thin lamina 


324.—Inferior turbinated bone and lacliiyinal 
l)onc in silii. 


Btlnnoidal prorrs'i 


* I,' ( ; 

—rrontal proci'M 

fiirhhuitetl 
rrriil 

i, L<tr}ii i/iiial 

hif. tiirhi- 
iKih’il rm/ 






264 


OSTEOLOGY 


curves downwards and outwards, hooking over the lower edge of the orifice of 
the antrum, which it ifarrows below; this lajnina fixes the bone firmly to the 
outer wall of the nasal fossa and is called the maxillary process (processus 
maxillaris). The inferior border is free, thick, and cellular in structure, more 
especially in the middle of the bone. Both extremities are more or less narrow 
and pointed, the posterior being the more tapering. 


Fig. 32.5.—Bight inferior turbinated bone. Fig. 320.—^llight inferior tiu'l)inated bone. 
Interna] surfapie. _ External surface. 



Ossification.—The inferior turbinated bone is ossified from >i. ainglf* r entre 
which appears about the fifth month of foetal life in the outer wall "of the 
cartilaginous nasal capsule. 

Articulations.—The inferior turbinated articulates with four bones: the csthmoid, 
maxilla, lachrymal, and palate. 

TiiE Vomer 

The Vomer (vomer) is situated in the mesial [dano, and forms the hinder 
and lower part of the septum of the nose (fig. 327), It is thin, somewhat 
({uadrilateral in s}ia]K!, and its anterior portion is frequency b(*nt to one or 


Fi(!. 327.—Vomer in situ. 



other side; it has two surfaces and four borders. The surfaces (fig. 328) are 
marked by small furrows for blood-vessels, and each presents a groove, the naso¬ 
palatine, "which runs obliquely downwards and forwards, and transmits the 
naso-palatine nerve and vessels. The superior border, the thickest, presents 
a deep furrow, bounded on either side by a horizontal projecting ala of bone ; 
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the furtow receives the rostrum of the sphenoid, while the margms of the 
aJae articulate with the vaginal processes of the interhal pterygoid plates of the 
sphenoid behind, and with the sphenoidal processes of the palate bones in 
front. The inferior harder articulates with the crest formM oy the maxillae 
and palate bones. The anterior border is the longest and slopes downwards 
and forwards. Its up^wr half is fused with the per^ndicular plate of the 
ethmoid ; its lower half is grooved for the inferior margin of the septal cartilage 
of the nose. The posterior border is free, concave, and separates the nasal fossae 
behind. It is tlxick and bifid above, thin below. 

Ossification.—^At an early period the septum of the nose consists of a plate 
of cartilage, the cthmo-vomerine cartilage. The postcro-superior part of this 
cartilage is ossified to form the peri)endicular plate of the ethmoid; its antero¬ 
inferior portion persists as 
the septal cartilage, whilst 
the vomer is ossified in the 
membrane covering its pos- 
tero-inforior part. Two ossific 
centres, one on either side of 
the middle line, appear about 
the eighth week of foetal life 
in this part of the membrane, 
and hence the vomer consists 
primarily of two lamellse. 

About the third month these 
imite below, and thus a deep 
groove is formed in which 
the cartilage is lodged. As 
gi-owth proceeds, the union 
of the lamellae exte.nds up¬ 
wards and forwards, and at 
the same time the interven¬ 
ing plate of cartilage undergoes absorption. By the age of puberty the lamellae 
are united to form a mesial plate, but evidence, of the bilaminar origin of the bone 
is seen in the everted alae of its upper border and the groove on its anterior margin. 

Articulations.—The vomer articulates with six bones; two of the cranium, 
the sphenoid and ethmoid ; and four of the face, the two maxillae and the two 
palate bojios ; it also articulates with the cartilage of the nasal septum. 

Applied Amihmiy .—^The surfaces of the vomer are covered by mucous membrane, 
which is intimately connected with the periosteum, little, if any, submucous connective 
tissu(! iiilei-vening. Hence |>olypi arc rarely found growing from this surface, though 
they frei]uently grow from the outer waits of the nasal fossic, wliere, the submucous tissue 
is ui)undant. 


Kio. 328.—^The vomer. 



The MAJtmHLE or Iefekioi: Maxiu.a 

(The Mandible (nmndibtda), the largest and strongest bono of tlie face,A 
•serves for the reception of tins low'or teeth. It con.si.sts of a curved, horizontal^ 

{ )ortion, the body, and tu'o perpendicular portions, the mwtjj) which join the 
>aek part of the body nearly at right angles. 

(The body (corpus mandibulaj) is curved somewhat like a horseshoe, and has 
two surfaces and two borders. ) (The external surface (fig. 329) is marked in 
the median line by a faint ridge, indicating the symphysis or line of junction 
of the two pieces of which the bone is composed at an early period of life. 
This ridge divides below and encloses a triangular eminence, the mental 
protuberance (protuberantia men tails) the base of which is depressed in the 
cenl;re but raised on either side to form t he rae»^<a/<^^6efcte(tubc^culum mentale). 
(On either side of the symphysisijust below the incisor teeth,^ a depression, 
the incisive fossa ', which gives origin to the Levator mentijand a small portion 
of the Orbicularis oris. Below the second bicuspid tooth, on either side, 
midway between the upper and lower borders of the body, is the ^wewto j 
f(rrumen, iot the passage of th e mental vessels and nerv ed (Running baoRwards 
and upwards from eacn^ental tubercle is a faint ridi^, the external oblique 
line (linea obliqua),^ which is continuous with the anterior border of the . 
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ramus : it affords Attachment to thg^Depressor labii inferioris and Depressor 
an^i oris ; the Platysma is attache below it^ 

[The inUrnal mrfact^ (fig. 330) is concave from side to side, and presents, 
neM the lower pftrt of the symphysis, a pair of laterally placed tubercles, 
termed the genial or mental supines (spinse mentales), which give origin to the 
Genio-hyo-glossi . Immediately below these is a second pair of spines, or 
more frequently a median ridge or impression, for the origin of the 
hvoid muscles . In some cases the mental spines are fused to form a single 
emmonce, in others they are absent and their position is indicated merely by an 
irregularity of the surface. Above the mental spines a median foramen and 
furrow are sometimes seen; tlicy mark the lino of union of the halves of the 
bone, fjielow the mental spines, on either side of the middle line, is an 
oval depr(!8sion for the attachment of the anterior belly of the Digastric. 
Extending upwards and backwards on either side from the lower part of 
the symphysis is the internal oblique line or mylo-hyoid ridge (linea mylo- 
hyoidca) which gives oiigin to the Mylo-hyoid) at its posterior end, near the- 
alveolar margin, it gives origin to a small part of the Superior (sonstrictor 
muscle of tin* pharynx, and attachment to the ptcrygo-mandibular ligament. 
Above the anterior part of this ridge is a smooth triangular area against 

Fia. 329.—Mandible. Outer surface. Side view. 


Coromml process Condyle 



which the fjubUngual ^land rests, and below the hinder part of the ridge 
IS an oval fossa for the submaxillary ^Jand. 

'|The superior or alveolar border, wider behind than in frojit, is hollowed 
into cavities, for the reception of the teeth ; these cavities are sixteen innumberj) 
and vary in depth and size according to the teeth which they contain. 1 To 
its outer lip, on either side, the Uuccinatorjis attached as far forward as the 
first molar tooth. I The inferior border is roundedj'. longer than the superior, 
and thicker in front than behind ; at the point Where it joins the lower border 
of the ramus a shallow groove, for the facial artery, may be present.') 

The perpendicular portion, or ramus (ramus niandibulfe) is quadrilateral 
in shape, and presents for examination two surfaces, four borders, and two 
proces.ses. The external surface (fig. 329) is flat and marked by oblique ridges 
at its lower part; it gives attachment throughout nearly the whole of its 
extent to the Masseter. The internal surface, (fig. 330) presents about its centre 
the oblique aperture of the inferior dental canal (foramen mandibulare), 
for the passage of the inferior dental vessels and nerve. The margin of this 
opening is irregular; it presents in front a prominent ridge, surmounted by 
a share spine, the lingula mandihulm, which gives attachment to the spheno- 
mandimilar ligament; at its lower and back part is a notch from which the 
mylo-hyoid groove runs obliquely downwards and forwards, and lodges the 
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mylo-hyoid vessels and nerve. Behind this groove is a rough surface, for 
the insertion of the Internal pterygoid. The inferior dental canai (canalis 
mandibulic) runs obliquely downwards and forward# iu the substance of the 
ramus, and then horizontally forwards in tho body, where it is placed under 
the alveoli, and communicates with theni by small openings. On arriving at 
the incisor teetli, it turns back to communicate with the mental foramen, giving 
off two small canals, which run forward to be lost in the cancellous tissue 
beneath the incisor teeth. The canal in the posterior two-thirds of the bone is 
situated nearer the internal surface of the mandible ; and in the anterior third, 
nearer its external surface. Its walls are composed of compact tissue at 
either extremity, and of cancellous in tho centre. It contains the inferior 
dental vessels and nei'vc, from which branches are distributed to the teeth 
through small apertures at the bases of the alveoli. The lower border of the 
ramus is thick, straight, and continuous with the inferior border of the body 
of the bone. At its jun(!tion with the posterior border is llie nmile (angulus 
mandibula?), which may be (uther inv'crtcd or evertcnl, and is marked by 
rough, oblique ridges on each side, for the aftachment of the Masseter 
externally, and the Internal |itciygoid internally; the stylo-mandibular 


Ktq. 330.—Mandittle. Inner surface. Side view. 

Articuhitmn 
iHth ieininn'til 



ligaiuent is attached to the angle between th('S<* jjiusclcs. The anterior border 
is thin above, tliieker below, and eontimious with the external oblicpic line 
Tlie posterior border is thick, smooth, rounded, and covered by the parotid 
gland. Tho tipper border is thin, and iwesents two processes, sef)aratcd bv a 
deep tu)ne,avity, the siijrmid notch. Of these processes, the anterior is the 
coronoid, the [losterior the CMndylar. 

The coronoid process (processus coronoideus) is a thin, triangular 
eminence, which varies in shape and size. Its anterior Imder is oravex 
and is continuous below with the anterior border of the ramus ■ it# 
posterior border is concave and forms the anterior boundary of the sigmoid 
notch. Its external surface is smooth, and affords insertion to the Temporal 
and Masseter muscles. Its int-crnal surface gives insertion to the Temporal 
muscle, and presents a ridge which begins n<'ar the apex of the process 
and runs downwards and forwards to the inner side of the last molar tooth. 
Between this ridge and the anterior border is a grooved triangular area, the 
upper part of which gives attachment to the Temporal, the lower part to some 
fibres of the Buccinator. 

The condylar process (processus condyloideus) is thicker than the 
coronoid, and consists of tw'o portions : the condyle, and tho constricted portion 
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which supports it, the neck. The condyle presents an articular surface which 
articulates with the glenoid cavity of the temporal bono ; it is convex from before 
backwardfif, and from side to side, and t‘,xtends farther on the posterior than on 
the anterior aspect.* Its long axis is directed inwards and slightly backwards, 
and if prolong^ to the middle line will meet that of the opposite condyle 
near the anterior margin of the foramen magnum. At the outer extremity of 
the condyle is a small tubercle for the attachment of the external lateral liga¬ 
ment of the temporo-mandibular joint. The neck (collum mandibulic) is flattened 
from before backwards, and strengthened by ridges which descend from the 
fore part and sides of the condyle. Its posterior surface is convex ; its anterior 
presents a depression for the attachment of the External pterygoid muscle. 

Fra. 3.31.—Scheme showing ossification of the mandiiile, inner side (Low). The mem¬ 
brane bone is coloured red. The greater part of Meckel’s cartilage is coloured blue. 
The upturned, stippled portion near the symphysis represents the part of Meckel’s 
cartilage which is surrounded and invaded by the membrane bone. The accessory 
nuclei of cartilage in the condyle, coronoid process, alveolar border and body aie 
indicated by stippled areas. 



The sigmoid notch, separating the two processes, is a deep .semilunar 
depression, and is crossed by the masseteric vessels and nerve. 

Ossification.—The mandible is ossified in the fibrous membrane covering th(! 
outer surfaces of Meckel’s cartilages. These cartilages form the cartilaginous 
bar pf the raamlibular arch (sec p. 108), aud are two in number, a right and a left. 
Their proximal or cranial ends are connected with the jieriotic capsules, and their 
distal extremities are joined to one another at the symphysis by mesodermal 
tissue. They can he seen on the inner aspect of the mandible of a five-months 
fcBtus (fig. 331), where they rim forwards immediately below the condyhvs and then, 
bending downwards, lie in a groove near the lower border of the bone ; in front of 
the canuie tooth they incUnc upw'ards and inwards to tlie symphysis. From the 
proximal end of each cartilage the malleus and incus, two of the bones of the 

middle ear, are developed ; the next 
succeeding portion, as far as the 
lingula, is replaced by fibrous tissue, 
Avhich persists to form the spheno- 
maudibular ligament. Between the 
lingula and the canine tooth the 
cartilage disappears, wliilst the portion 
of it which lies below and behind the 
incisor teeth becomes ossified and 
incorporated with this part of the 
mandible. 

Ossification takes place in the mem¬ 
brane covering the outer surface of 
Meckel’s cartilage (fig. 332), and each 
half of the bone is formed from a single centre which appears, near tJie mental 
foramen, about the sixth week of foetal life—i.e. earner than in any other 
bone except the clavicle. By the tenth week the portion of Meckel’s cartilage 
which lies below' and beliind tlie incisor teeth is sum»imded and invaded by 
the membrane-bone. Somewhat later, accessory nuclei of cartilage make their 
appearance—viz. a wtidge-shaped nucleus in the condyle, a small one in the 
coronoid process, and smaller ones in tJie front part of both alveolar walls and 
along the front of the lower border of the bone. These accessory nuclei possess no 
separate ossific centres, but ossification extends into them from tlie adjacent 
membrane-bone and they undergo absorption. The inner alveolar border, usually 
described as arising from a separate ossific centre {splenial centre), is formed in the 
human mandible by an ingrowth from the main mass of the bono. At birth the 


Flu. 332.—Scheme showing ossification of 
mandible from (he outer side (l^ow). Mem¬ 
brane bone coloured red. Accessory nuclei 
of cartilage 3tii>plcd. 
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bone ronsiats of two halves, united by a fibrous symphysis, in which ossification 
takes place during the first year. 

The above description of the ossification of the mandible is based on the researches 
of Low* and Fawcett.f and differs somewhat from that usually given. 

Articulations. —The mandible articulates w'ith the two t('inporal bones. 

ChANOES PRODUCBn IE THE MaNDIBLE BY AgE 

Ai birth (fig. 333), the body of the hone is a mere shell, contaming the sockeM of the 
two incisor, the canine, and the two temporary molar tcetli, imperfectly partitioned off 
from one another. The dental canal is of large size, and runs near the lower border of 
the bone ; the mental foramen opens beneath the socket of the first molar tooth. The angle 
is obtuse (175“), and the condylar portion is nearly in line with the hwly. The coronoid 
process is of comparatively large size, and projects above the level of the condyle. 

After birth (fig. 334), the two segments of the bone become joined at the symphysis, 
from below upwards, in the first year ; but a trace of separation may be visible in the 
beginning of the second year, near the alveolar margin. The body becomes elongated in 
its whole length, hut more es]X)eially behind the mental foramen, to provide space for the 
three additional teeth developed in this part. The depth of the body increases owing 
to imTCascd growth of the alveolar part., to afford room for the fangs of the teeth, and 
by thickening of the subdental portion which enables the jaw to withstand the powerful 
a(!tion of the masticatory muscles ; but the alveolar portion is the deeper of the tvo. 
and, consequently, the chief part of the body lies above the oblique line. The dental 
canal, after the second dentition, is situated just above the level of the inylo-hyoid ridge : 
and the mental foramen occupies the position usual to it in the fidiilt. The angle 
becomes less obtuscs, owing to the scparntit)n of the jaws by tlie te<‘lti; about tlie fourth 
year it is 140°. 

In the adult (fig. 335), the alveolar and basilar j)ortiotis of the body arc usually of 
equal dcpfli. The mental foramen opens midway between the upper and lower borders of 
the bone, and the dental «-anal runs nearly jiarallel with the mylo-hyoid line. The ramus 
is almost vertical in din'ction, the angle measuring from 110° to 120°. 

In old age (tig. 336), the bone becomes greatly reduced in size, tor with thi; lews of the 
teeth the alveolar process is alisorbed, and the basilar part of the bone alone remains ; 
consequently, the chief part of the bone is below Ibe oblique line. The dental canal, 
with the mental foramen oiHsriing from it, is close to the alveolar bolder. I’he ramus is 
oblique in direction, the angh'measures about 140°, and the neck of the eon(l_>l(! is more 
or less bent backwards. 


Hyoiu JJone 

The Hyoid Bone (os liyoidouir.) is named from its re,semblance to tlie 
Greek upsilon ; it is also ealled the na lingucn, because it sujiiiorts the tongue, 
and gives attachment to K<*\’eral of its muscles. It is a bony arch, sliapc'd like 
a horseshoe, and con-sists of five segments, a body, two greater cornua, and 
two lesser cornua. It is suspended from the tips of the styloid processes of 
the temporal bones by the stylo-hyoid ligaments. 

The body {hasi-hyal) or eentral i»aj t of the hone is of a quadrilateral form. 
Its anterior mirface (fig. 237) is convex and dii-ecied forwards and upward ; 
it presents a median and a transverse ridge which subdivide it into four areas, 
two on eitlu'.r side of the middle line. At thepoint of intersection of these ridges 
is an elevation named the tubercle. 'I'iH' antei’ior surface gives attachment 
to the Genio-hyoid in the greater part of its extent; above, to tlu; Oenio-liyo- 
glossus ; below, (o the Mylo-hyoid, Stylo-hyoid, and aponeurosis of the Digastrie 
(suprahyoid aponeurosis) ; and externally to a part of the Hyo-glossus. The 
■posterior surface is smooth, concave, direc ted backwards and downwaids, and 
sejiarated from the epiglottis by the thyrt»-hyoid membrane and a quantity of 
lof)se areolar tis.sue ; a bursa intervenes between it and tlie thyro-hyoid mem¬ 
brane. T’he superior border is rounded, and gives attachment to the thyro¬ 
hyoid membrane and parts of the Genio-hyo-glossus and Chondro-glossus. 
The inferior border gives attachment, in front, to the Stemo-liyoid ; behind 
to the Omo-hyoid, and at its junction with the groat cornu to part of the Thyro- 

* ‘ Tlie Development of t lie I,ower ,Iaw in Man,’ by Alexanrlor [.ow, M.A., M. B. (Prucerdingn 
of the Aimtomteal and AnthnyndoffienI Society of the r/iNTcnity of Aberdeen, ]!I05). 

■f ‘Ossification of the Lower .Taw in Man,’ by i'rofessor {Journal of the American 

Medieial Angooiation, September 2, 1905). 
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hyoid. It also gives attachment to the Levator glaiidulae thyroido*, M'hen this 
muscle is pre8(mt. In early life the lateral surfaces are connected to the 
greater cornua by synchondroses; alter middle life usually,by bony union. 

The greater cornua [thyro-hyals) project backwards from the lateral 
suiiaces of the body; they are f!att(‘ned from above downwards and diminish 
in size from before back¬ 
wards ; eacii terminates in 
a tubercle for the attach- 
ra<‘nt of the lateral thyro- 
liyoid’liganicnt. The outer 
surface giv(‘S attachment to 
tlic Hyo-glossus ; the upper 
border to the xVliddle con- 
sti’ictor of tlie pharynx, and 
the lower to part of the 
Thyi’o-hyoid. 

The lesser cornua 
(cerato-hyals) are two small, 
conical (miimmcjes, attached 
by their bases 1 o the angles 
of junction between the 
body and grc'at(*r cornua, 
and giving attucliment by 
their apices to tin* stylo¬ 
hyoid ligaments.* 'rho 
snialh^r cornua are connected to th<5 body of tlie bone by distinct diarthrodial 
joints, which usually persist throughout life, but occasionally become ankylosed. 

Ossification.—The Ji ynitL is oasificd from itiLc.■centres: two for the body, and 
one for each cornu. Ossification commences in the body about the eighth mouth, 
in the greater (omua towards the end of hetal life, and in the lesser cornua during 
the first or second yi'ar after birth. 

Stirfarp Form. —'I’lie liyoid boiic can he felt in the receding angle below the chin, and 
the linger can Ik' carried along the whole length of the bone to the grealer eoniu, which 
is situatetl on a level willi the angle of (he jaw. This process of bone is best perceived by 
making pressure, on oju- coiiiu and so pushing the banc over to the opposite side, when 
tile cornu of that suhi will bo disliuctly feh immediately beneath the skin. It is an 
important landmark in ligature of the lingual artery. 

rifi-plkd AiKitomy. - TIk; hyoid bone is oeca.si(>nally fractured, generally from direct 
violence, as in hanging, forcible grasping of the throat in garotlmg or throttling, or by a 
blow. The fracture generally occurs alioiit the junction of the greater cornu with the 
body of the hone, but sometimc.s takc.s place through the latter. iSiiice the muwilcs of 
the tongue have important coimcctions with this hone, there is great pain upon any 
attcmjit being made to move Iho tongue, as in spoakhig or swallowing. 


Fiij. 337.—Hyoid lione. Anterior surface 
(enlarged). 





EXTEIIIOU OV THE SKULL 

The skull as a whole may be viewed from different points, and the views so 
obtained are termed tlic lu/rwm of the skull; thus, it may be tixamined from 
above (norma verticalis), from below (norma basalis), from the side (norma 
lateralis), from behind (norma occipitalis), or from the front (norma frontalis). 

The SKriJ.. ekom Above (norma verticalis) 

When viewed from above the outline presented varies greatly in different 
skulls; in some it is more or less oval, in others more nearly circular. The 
surface is traversed by tjiree Butures. viz.: (1) tbe corow/i Z, nearly transverse 
in direction, between the frontal and parietals; (2) tl\e sagittal, mesially placed, 
and deeply serrated in its anterior two-thirds, uniting parietal bones; 
and (3) the upper part of the lajnbd^i^, between the parietals and occipital. 
The point of junction of the sagittal and coronal sutures is named the bre gma, 

* 'J’hese ligaments in many animals are distinct bones, and in man may undeigo partial 
os.sification. 
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that of the sagittal and lambdoid sutures, the ; these points indi- • 

cate respectively the positions of the anterior and posterior fontanelles in 
the foetal skull. Oh either side of the sagittal suture are the. j?anpf(t? mfWn ce 
and 'pariet al, fmumm —the latter, houover, is frequently absent on one or 
both sides. The skull is often somewhat flattened in the neighbourhood of 
the parietal foramina, and the term ohelintL is applied to that point of the 
sagittal suture M’hich is on a level wth the foramina. In front is the yfa&fi/a.. 
and on its lateral aspects are the mperciUa,ry, ridg.es, and above these the 
frontal eminences. Immediately above the glabella may bo seen the remains 
of the i nier -froMaLS3dvr£ ; in a small percentage of skulls this suture persists 
and extends along the mesial plane to the bregma. Passing backwards 
and upwards from the external angular processes of the frontal bone are 
the temporal lin es, which mark the upper limits of the temporal fossa). The 
zygoTnatic. jnches may or may not be seen projecting beyond the anterior 
portions of tliesc lines. 

Tuk Skull fuoji Uelow (norma basalis) 

The inferior surfai-e of the base of t he skull exclusive of the mandible (fig. 338) 
is l yuntled in frpnt by the incisor teeth in the inaxiUa); behin d, by the superior 
curved lines of the occipital; and late^pll v by the ^veolar arch , the lower 
!• border of th e m alar, the zygom a, anti an imaginary line, extending tro ni the 
^zygoma to"UnTmastoitl process and exfrciuity of the superior curved fine of 
the occipilal. It is formed by the iialatal processes of the maxiUse and palate 
•> hones, th«i.vpmer, the pteiygoidpjpcesscs, the undetfSurfaces qf the grcatun-wiiigs. 

spiiious jproftfSses. and part of the body of th e spheno id, the under surfaces of 
(^ihc__squamOTs, m^tojd, and petipus.portions of tfie^mporals, and the under 
#»urface of thejocfiipitau-bone. The an terior p art or hard pa late is i-aised above 
the level of the rest of the surface (nlTciiihc skull is turned over for the purpose 
of c.vamination), and is bounded in front and laterally by the alveolar arch 
containing the sixteen teeth of the maxilla*.’ Immediat<‘ly behind the incisor 
teeth is the q jiff iriorjpalatine Jo.'isa . At the bottom of this fossa four apertures 
may usually be seen: two plac^ laterally, i\\o fomndna of Stenson, open above, 
into the floor of the nose, and transmit tin* anterior bramhes^oT the posterior 
palatine vessels, and two in the median line, the foi'amina of S carpa , the 
anterior transmitting the left, and the posterior the right nasopalatine 
nerve. The vault of the hard palate is concave, unc\'en, perforated by 
numerous foramina, m.arked by depressions for the palatine glands, and t raversed 
by a crucial sutui'e formed by the junction of the four bones of which it is 
composed. In the young skull a suture may be seen passing outwards and 
forwards on either side from the anterior palatine fossa to the interval between 
the lateral incisor and canine toetli, and marking off the premaxillary 
nortioi i of the bone. At each ])oslerior angle of the hard palale is the 
'pos t erio r p alatine forg.men. for the transmission of the jwstcrior palatine vessels 
an31arge dcscenmng palatine nerve ; and running forwards and inwards from 
it a grop.y.e, for the same vessels and nerve. Behind the posterior palatine 
foramen is the ttihemaity gf ihe jinlnti -jumo perforated by one or more acce^ory 
j>^rrinr piihiLiiLe r.nt)n,U, and marked by the commencement of a. ridge, \vhlch 
runs transN’crsely inwards, and servt's for the attachment of the tendinous 
expansion of the Tensor palati. T’rojecting backwards from the centre 
of the ])osterior border of the hard i)alate is the poslssrior nas al.s:pi ne. for the 
attachment of the AMppn Behind and above the har'd palate 

are^the posterior ajxirtures of the iiaros (^vaiia'), measuring about an inch 
in their vertical and half an inch hi theu-'lransverse diameters. They are 
separa ted from one another by the vomer, and each is bounded above by 
the body of the sphenoid, bqln w by the horizontal plate of the pSte-bone, 
and latfiJCftliy by the internal pterygoid plate of the sphenoid. At the base 
of the vomer may bo seen the expanded ala) of this bone, receiving between 
them the rostrum of the sj)henoid. Near the lateral margins of the alee of the 
vomer, at the root of the pterygoid processes, are the ptcryg o-j p aledimi.can<il3. 
Th e pteryg oid process, which bounds the posterior nares on either side, presents^ 
near its base the pterygoitLot Vidian cqpg l. for the Vidian nerve and arteiy. 
Each process consists 'of two plates, separated behind by the pterygoid fossa, 
which lodges the Internal pterygoid and Tensor palati. The interna l plate is 
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long and narrow, preseutmc on the outer side of its base the for 

the origin of the Tensor palati, and at its lower extremity thejamidar proMW , 
around which the tendon of this muscle turns. TJifi,extenuil-pterygoid plate is 

1<^G. 338.— Bose of skull. Inferior surface. 
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broad ; its outer surface f^nus-thc inner boui^dary of the ^ygom at^c foss a, and 
a^lds attaclimont to the External pterygoid. ’ 

Behind the na.s^l fossa; in the middle line is the basilar podkion ol the 
occipital bone, presenting near its centre the pharyn,geal tubercle, for the attach¬ 
ment of the fibrous raphe of the pharynx, with depressions on either side for 
the insertions of the Recti capitis antici major and minor. At the ba.ae of 
f he external pterygoid plate is the f(rrame.n ovale, for the transmission of the 
third division of the fifth nerve, (lie small meningeal artery, and sometimes 
^he small superficial petrosal nerve ; behind thi s, the. fpram erLSvi u osum winch 
transmits the middle meningeal artery and voimlf and ifie'^romlKent spinous 

J necess of the sphenoid, which gives attachment to the spheno-mandibular 
igament and the Tensor palati. External to the spinous process is the glenoid 
fossa, divided into two parts by (lie (ilaserian Jissure ; the anterior portion, 
coneav«‘, smooth, bounded in front by the emineniia articularis, serves 
for the articulation of the condyle of tlie low^er jaw ; the posterioj- portion, 
rough and bounded behind by the tympanic plate, is occupied by a part of 
the parotid gland. Emerging from betw'oen the lamina? of the vaginal jwocess 
of the tympanic plate is the styloid 'process ; and at the base of this process is 
the stylo-mastoid, foramen, for tlie exit of the facial nerve, and entrance of the 
stylo-mastoid artery. External to the stylo-mastoid foramen, between the 
tympanic plate and the mastoid jrroeess, is the auricular fissure, for tin* auri«“ular 
branch of the pneumogastrie. Upon the inner side of the mastoid process is 
the digastric fossa, and a little more internally, the occipital groove for the 
occipital artery. At the base of tlie internal pterygoid plate is a. large and 
somewhat triangular aperture, the foramen laccrum, medium, bounded in front 
by the greater wnug of the spli(‘noid. behind by the apex of tlu' iietrous portion 
of the temporal bone, and internally by the body of tin; splienoid and basilar 
portion of the occipital bone ; it presi'iits in front the posti'rior orifice of the 
Vidian canal ; behind, the- aperture of the carotid canal. The basilar surface 
of this o]jening is filled up in the recent stale by a fibro-cartilaginous plate, 
across the ujiper or ccnibral surface of wliich the internal carotid artery passes. 
External to this ajaulure is a groov(>, the sulcus inhee auditivee, bi'tween the 
petrous part of the temporal and tlie greater iving of the sphenoid. 'Phis .sulcus 
is directed outw'ards and backwards from the root of the internal pUwygoid 
jilate and lodges the cfirtilaginous part of the Eustachian lube; it is continuous 
behitid w'ith tlie eaual in tin; temporal bone which forms tJu' bony iiart of the 
same tube. At the bottom of this sulcus is a narrow cleft, the fissnra peiro- 
sqvamosa, which is occupied, in the recimt condition, by a plate of cartilage, 
the. hunt's hounding the fi.s.surc being united by a synchoudi'osis. Behind this 
sutuiv-is the under surface of the petrous portion of the temporal bone, pre.sciit- 
iiig. near its apex, the quadrilateral rough surfatte, part of w'liieh a fiords attach- 
nu'nt to the L«;vator jialati inusele; to the outer side of this surface is the orifice 
of thc! carotid canal, and to its inner side, the depression leading to the 
uqumlvctHs cochlea;, the former transmitting the internal carotid artoiy and 
the isarotid plexus of thc sympathetic, the latter serving for the passage' of a 
vein from the coohlea. Behind (he carol iel canal is a large aperture, t\\(; jugular 
foramen, formed in front by the. petrous portion of the temporal, and behind 
by the oeeipital; it is generally larger on the right than on thc left side, and 
is partly subdivided into tlirec compartments. The anterior compartment 
transmits the inferior petrosal sinus; the middle, the glosso-pharyngeal, pneumo¬ 
gastrie, and spinal accessory nerves ; the jiosterior, the lateral sinus and some 
meningeal branches from the occipital and ascending pharyngeal arteries. On 
the ridge of bone dividing the carotid canal from the jugular foramen is the 
small foramen for Jacobson’s nerve (tympanic branch of the glosso-pharyn¬ 
geal) ; and on tin; wall of the jugular foramen, near the root of the styloid 
process, is the small aperture for Arnold’s nerve (auricular brancli of the 
pneuraogastiic). ExUmding forwards from the jugular foramen to the foramen 
lacerum medium is the Jissura petro-occipitalis, wdiich is occupied, in the re(;cnt 
state, by a plate of cartilage. Behind the basilar portion of the occipital bone 
is the foramen magnum, bounded laterally by the occipital condyles w'hich are 
rough internally for the attachment of the check or odontoid ligaments. External 
to each condyle is thp jugular process, which gives attachment to the Rectus 
capitis lateralis muscle and the lateral occipito-atlantal ligament. The foramen 
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magnum transmits the medulla oblongata and its membranes, the spinal acces¬ 
sory nerves, the vertebral arteries, the anterior and ppsterior spinal arteries, 
and the oecipito-axial ligaments. The mid-points on tlie anj/erior and posterior 
margins of the foram<jn magnum an? respectively termed the basion and the 
opisthion. In fwuit of each condyle is the anterior condyloid foramen, for the 
passage of tlie hypoglossal nerve and a meningeal artery. Behind each condyle 
is the fossa rAXudyloidea, perforated on one or both sides by the posterior 
condyloid foramen, for tlie transmission of a vein from the lateral sinus. Behind 
the fOTamcn magnum is tlic external occipital crest, terminating above at the 
external occipital protvberance, while on t'ither side arc the superior and inferior 
curved lines ; these, as well as the surfaces of hone between tliem, are rough 
for the attachment of the muscles which are enumerated on page 215. 

This Skuul in Phopile (norma lateralis) 

When viewed from tlie side! (fig. 359) tlu! skull is seen to consist of the cranium 
above and behind, and of the face below and in front. The cranium is some¬ 
what ovoid in shape, but its coat our varies in diiTeront eases and depends 
largely on the length and height of the fkull and on the dep^t'e of prominenei! 
of the superciliary ridges and frontal mniiumces. Entering into its formation 



are to be seen the frontal, the parietal, the occipital, the temporal, and the 
greater wing of the sphenoid. These bones are joined to one another and to 
the malar by the following sutures : the zygornalico-temporal between the 
zygomatic process of the temporal and the temporal process of the malar; the 
fronto-malar uniting the malar with the external angular process of the frontal; 
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the sutures surrounding the great wing of the sphenoid, viz. : the sphmo-malar 
in front, the apheno-frontal and sphene-parietal above, and the spheno-sqtuimoaal 
behind. The sphepo-parictal suture varies in length in different skulls, and is 
absent in those eases where t he frontal articulates with the squamous part of 
the temporal. The point corresponding with the posterior end of the spheno- 

E arietal suture is named the pterion ; it is situatxfd about an inch and a quarter 
chind, and a little above the level of the external angular process of the frontal 
bone. 

The squamoua siitvre arches backwards from the pterion and connects 
the squamous part of the temporal with the lower border of the parietal: 
this suture is continuous behind with the short, nearly horizontal parieto- 
maatoid aiUure, uhieh unites the mastoid pro(.’es.s of the tcnijioral with the 
region of Ihe ])ostoro-inferior angle of the parietal. Extending from above 
downwards and fonvards across the cranium are the coronal and lambdoid 
auturea; the former connects the parietal with the frontal, the latter, the parietal 
with the occipital. 'I’he lambdoid suture is continuous below with f he occipito¬ 
mastoid suture between (he occipital and the mastoid portion of the temporal. 
In or near this suture is ihe maafoid foramen, for the transmission of an 
emissary vein. The point of meeting of the parieto-maatoid, occij)ito-ma3toid, 
and lambdoid sutures is known as the aslerion. Immediately above the orbital 
margin is the aiiperciliary ridge, and, at a higher level, the frontal eminence. 
Near the cxintre of the parietal bone is the parietal eminence. Posleriorly is 
the external occipital proiiiherance, from which the superior curved line may 
be followed forwards to tlio mastoid jiroccss. Arching across tlie sifle of the 
cranium arc the temporal lines or ridges, w'hich mark the up})i“i’ limit of the 
temporal fossa. 

I’he temporal fossa is bounded above and bxhind by t lie temporal lines, 
which extend from the external angular jiroeess of tJie frontal bom^ upwards 
and backwards across the frontal and parietal bones, and then curve down¬ 
wards and forw'.ards to become continuousw'ith tlie supra-mastoid crest- and (lie 
posterior root of the zygoma. The point wheie the upper temporal lim* cuts 
the coronal suture is named the stepliankm. The tcmiioral fossa is bounded 
in front by the frontal and malar bones, and opening on the back of the latter 
is a foramen uhich ti’ansmits the temporal branch of thi- temporo-rnalar 
nerve. Externally the fossa is limited by the zygomatic arch, formed by the 
malar and temporal bones; below, it is separated from tli<! zygomatic fossa 
by the infra-tempen al crest on the great er wing of the sphenoid, and by a ridge, 
continuous wdth this e.rest, wdii(?Ii is carried backwards across the squamous 
part of the tcnifioral to the- antcrioi- root of the zygoma. In front and below, 
the fossa communicates with the orbital cavity through the apfieno-maxillary 
fissure. The floor of the fossa is deeply concave in front and convex behind, 
and is formed by the malar, frontal, jiarietal, s])henoid, and temporal bones. 
It is traversed by vascular furrows : one, usually well marked, runs ujjwards 
above and in front of the external auditory meatus, and lodges tin* middle 
tera])oral artery. Tw o others, frequently indistinct, may be observed on the 
anterior part of the floor, and arc for the antxwior and posterior deep txmiporal 
arteries. The temporal fossa contains the Tejnponil muscle and its vessels 
and nerves, together with tln^ temporal branch of the tcrnporo-malar nerve. 

The zygomatic arch is formed by the zygomatic process of the temporal ami 
the tem}>()r}il j)n)eess of tlu! malar, the tw'o being united by an oblique suture ; 
the tendon of the Temporal muscle passes under the arch to gain insertion into 
the coronoid process of the mandible. The zygomatic process of the temporal 
arises by two roots, an anterior, directed inwards in front of the glenoid 
cavity, where it expands to form the eminentia articularis, and a posterior, 
which runs backw'ards above the external auditory meatus and is continuous 
with the supra-mastoid crest. The upper border of the arch gives attachment 
to the temporal fascia; its lower border and inner surface give origin to the 
Masseter. 

Below the posterior root of the zygoma is the elliptical orifice of the 
external auditory meatus, bounded in front, below, and behind by the tym¬ 
panic plate; to the outer margin of this plate the cartilaginous part of the 
external auditory meatus is attached. The small triangular area between 
the posterior root of the zygoma and the postero-superior part of the 
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orifice is termed the supra-meatal triangle, on the anterior border of which 
a small spinous process, the supra-mcatartipine, is sometimes seen. Between 
the tympanic plate and the eminentia articularis is the glenoid cavity, divided 
into two parts by the Glaserian fissuie. The anterior and larger part of the 
cavity articulates with the condyle of the mandible and is limited behind 
by the post-glenoid process : the posterior part lodges a 2 wrtion of the pai'otid 
gland. The styloid j>rocess extends downwards and forwards for a variable 
distance from the lower part of the tympanic plate, and gives attachment 
to the Stylo-glossus. Stylo-hyoid, and Stylo-pharyngeus, and to the stylo¬ 
hyoid and stylo-mandibular ligaments. Projecsting downwards behind the 
external auditory meatus is the mastoid process, to the outer surface of which 
the Sterno-mastoid, Splcnius capitis, and Trachehvmastoid are attached. 

The ^gomatic or infra-temporal fossa (fig. 340) is an irregularly shaptd 
cavity, situated below and on the inner side of the zygoma. It is bounded, 


340.—Ix’ft zygomatic fossa. 
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in front, by the zygomatic surface of the maxilla and the ridge v\ hich descends 
from its malar process ; bt'hind, by the eminentia articularis of the temporal 
and the spine of the sphenoid ; above, by the greater wing of the sphenoid below 
the infra-temporal crest, and by the under surface of the squamous temporal; 
below, by the alveolar border of the maxilla; internally, by the external 
I»teiygoid plate. It contains the loner part of the Temporal muscle,' the 
External and Internal pterygoids, together with the internal maxillary 
vessels and inferior maxillary nerve and their branches. The foramen ovale 
and foramen spinosum open on its roof, and the poderior dental canals on its 
anterior wall. At its upper and inner part may be observed two fissures, 
which together form a T-shai)ed fissure, the horizontal limb being named 
the sjpheno-maxiUary, and the vertical one the pterygo-maxillary fissure. 

Tae spheno-maxillary fissure (fissuraorbitalis inferior), horizontal in direction, 
opens into the outer and back part of the orbit. It is bounded above by 
the lower border of the orbital surface of the greater wing of the sphenoid; 
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below, by the external bof&er of tbe orbital surface of the maxilla and the 
orbital process of tlx; palate bone ; <'xt('riially, by a small part of the malar 
bone * ; intcrnidlji, it joins at right angles with the pterygo-maxillary fissure. 
Through tlx* spheno-inaxillary fissure tlic orbit communicates with the 
temf)oraJ, zygomatic*, and spheno-niaxillaiy fossa*.; the fissure transmits the 
superior maxillary nerve and its temporo-malar branch, the infra-orbital 
vessels, the ascending branches from Meckel’s ganglion, and a vein which 
connects the ophthaltnic vein with the pterygoid venous ])lexus. 

The plerygo-maocillary jiumre is vorticail, and dc'seends at right angles from 
the inner extremity of the preceding ; it is a triangular intei'val, formed by the 
divergence of the maxilla from tlie pterygoid procsess of the sphenoid. It 
eonnc'cts the spheiio-maxillary fossa with tlie zygomatic fossa, and transmits 
the b^rminal part of the internal maxillary artery. 

The spheno-maxillary fossa (fossa pterygo-palatina) is a small, tri¬ 
angular space situated at the angle of junction of the spheno-maxillary and 
pterygo-maxillary fissun's, and j)laccd beneath the apex of the orbit.. It is 
bounded above by the nndt'r suifacc of tlie body of the sphenoid and by the 
orbital proi^ess of the palate bone ; in front, by the zygomatic surface of the 
maxilla ; behind, by the base of the* pterygoid process and lower ])art of tlu* 
anterior surface of the greater wing of the sjihcnoid ; internally, by the vc'rtical 
jilate of the palate bone wit li its orbital and sphenoidal process(*s. ’Pliis fossa 
communicates with the orbit by the spheno-maxillary fissure, with the nasal 
cavity by the sphenn-palatine foramen, and with tlie zygomatic fo.ssa by 
the pterygo-maxillary fissure. Fivi* foramina oiien into it. Of these, throe 
are on the ]K)sterior wall, vdz. : the fommen rolundum, tlie Vidian rnnal, 
and the pfcryyfi-fHdntiuc canal, from without downwards and inwards. (Jn the 
imier wall is tlie .spliinn-palaliac farntnen, and below is the sufsoior orifice of 
the ptMlcriar palatine canal. 'I’he fossa contains tlic siifierior maxillary nerve 
and Meckel’s ganglion, and the termination of the internal maxillary arti*ry. 

Tuji Skuli, from JjEHInu (iioinia occipitalis) 

Wlien viewed from behind the craniuin prcsimts a more, or less cmcular 
outline. In the iiiiddlo line is the jiosterior part, of the nagUlal /suture con¬ 
necting tlie ])arieta1 bou<*s; oxlending downwards and outwaids from the 
hinder end of the sagittal suture is the deejily serrated lainbdoid /tulurc joining 
tlieparietals to the occipital and continuous below witli theparii'to-mastoid and 
oeeijiito-mastoid sutures; it frequently contains one or more Wormian bones. 
Near the middle of the .sqnania occipitalis is the lixterna! oei'ipital protulnw- 
ance or inion, and extending ont.wards from it on either side is the svpcrior 
curoed line (linen, nuehie superior), and above this the faintly marked Uvea 
su/prema. 'I'lie [lart of the squama above, the inion and linea* supreinac is 
named the planum oecipitale, and is covered by the Occipito-froritalis muscle : 
the part below is termed tlie planum nuehale, and is divided by a mesial ridge 
which runs dowiwards and forwards from tlie inioii to llu* foramen magnum ; 
this ridge gives attachment t o the ligameiitum nuelia*. 1’he muscles attaolied 
to the planum nuehale are enumerated on page* 215. Below and in front 
are the mastoid processes, convex externally and grooved internally by tlie 
digastric fossa?. In or near the oceipito-mastoid suture is tlie mastoid foramen 
for the passage of the mastoid emissary vein. 

The Skull, from the Front (norma frontalis) 

When viewed from the front (fig. IHl) the skull exhibits a somewhat oval 
outline, limited above by the frontal bone, below by tlie body of the 
mandible, and laterally by the malar bones and tbe mandibular rami. The 
upper part, formed by the vertical iilate of the frontal, is smooth and convex ; 
^e low'er part, made up of the bones of the face, is irregular, and is excavated 
laterally by the orbital cavities, and presents in the middle line the anterior 
nasal aperture leading to the cavity of the nose, and below this the trausverae 
slit between the upper and lovi'er dental arcades. Above, ihe frontal eminences 

* Occasionally the superior maxillary bone and the sphenoid articulate with each other 
at the anterior extremity of this fissure ; the malar is then excluded from it. 
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stand out more or less prominently, and'beneath these are the suprrciliartf 
ridgec, joined to one another in the middle* by the glabelkt. On and above 
the glabella a trace of the interfrouial suture soinotimes. pt^rsists ; beneatli 
it is the fronto-nasal suture, the mid-point/ of whiish is termed tlie luision. 
Behind and below the fronto-nasal suture tlio internal angular process of 
the frontal articulates with th(* lachrymal and with the frontal process of the 
maxilla. Arcliing iK^tween the internal and external angular processes of 
the frontal is the uj)per part of the margin of the orbit, thin and prominent in 
its outer two-tliivds, rounded in its inner third, and preseixting, at the junction 
of these two jxwtions, the supra-orbitaJ notch or foramm for the su])ra-orbitial 
nerve and vessels. The external angular i)roccss ai-ticulatcs \Aith the malar, 
and from it the temporal line (*xtends upwards and backw'ards. Below the 


341.—Anterior region of <he skull. 



fronlo-nasal suture is the bridge of the nose, convex from side to side, concavo- 
convex from above dowmwards, and formed by tin* two nasal bones supported 
in the middle line by the ixerp<*ndicular plate of the ethmoid, and laterally 
by the frontal ixrocesses of the maxilla' which are ])rolongod upwards l)(*twecn 
the nasal and lacdirymal bone.s and fortn the low'cr and inner part of the 
circumference of each orbit. Below' the nasal bones and between the maxilla* 
is the anterior aperture of the nose. pjTiform in sha})e. with the narrow end 
«lirected upwards. Laterally this opening is bounded by sharp margins, to 
which the lateral cartilages of the nose are attached ; bciiow', the margins arc 
thicker and curve inwards and forwards to end in the anterior nasal sjnne. 
On looking into the nasal cavity, the bony septum which separates tlie nasal 
fossae presents, in front, a large triangular deficiency; this, in the* recent 
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state, is filled ap by tlie septal cartilage. On tlie lateral wail of each^nasal fossa 
the anterior part of the inferior turbinated bone is visible. Below and external 
to the anterior n§,sal aperture are the facial surfaces of the maxilljc, each 
perforated, near the lower margin of tlic orbit, by the infra-orbital foramen 
for the passage of the infra-orbital nerv’^e and vessels. Below and internal 
to this foramen is the canine eminence separating the incisive from the canine 
fossa. Beneath these fossae are the alveolar processes of the maxillae containing 
the upper teeth, whieli overlap tJie teeth of the mandible m front. The malar 
bone on either side forms the prominence of the chcuik, the lower and outer 
portion of the orbital cavity, and the anterior part of the zygomatic arch. It 
articulates internally with the maxilla, behind with the zygomatic process of 
the temporal, and above with the greater wing of the sphenoid and the external 
angular process of the frontal; it is perforated by tho malar foramen for the 
jjassage of tho malar branch of the temporo-malar nerve. On the body of the 
mandible is a median ridge, indicating the position of tho symphysis; this 
ridge divides below to enclose Ihe mental protuberamse, the lateral angles of 
which constitute the mental tubercles. Below tho incisor teeth is the incisive 
fossa, and beneath the second bicuspid tooth tho mental foramen which 
transmits the mental nerve and vessels. Passing upwards from the mental 
tubercle is the external oblique, line, wliich is continuous behind with the anterior 
border of tlwi ramus. The posterior border of the ramus runs downwards and 
forwards from the condyle to the angle, which is frequently more or less everted. 

Tlie orbits (fig. 341) are two (juadrilatcral pyramidal cavities, situated 
at the upper and anterior part of the face, tlwur bases being directed forwards 
and outwards, and their apices backwards and inwards, so that their long axes, 
if continued backwards, would meet over the body of the sphenoid bone. 
Each presents for examination a roof, a floor, an inner and an outer u^all, a 
base, and an ajiex. 

Tho roofia (ioncave, direcsted downwards, and slightly forwards, and fornuid 
in.front by the orbital plate of the frontal ; behind by the lesser wing of the 
sphenoid. It presents internally the dcpi'cssion for the attachment of the 
cartilaginous pulley of the Superior oblique; externally, the lachrymal fonsa 
for the laclirynial gland ; and posteriorly, the suture between the frontal and 
the lesser wing of the sphenoid. 

TJio floor is diro<!ted upwards and outwards, and is of loss extent than the 
roof; it is formed chiefly by the orbital surface of the maxilla; in front, and 
externally, to a small extent, by the orbital process of the malar, and behind 
and internally, by the orbital process of tho palate. At its innew angle is the 
upper opening of the naso-lachrymal canal, immediately to the outer side of 
which is a depression for the origin of the Inferior oblique muscle of the eyeball. 
On its outer ])art is the suture betwooti the maxilla and malar, and at its 
posterior part that between the maxilla and the orbital process of the palate.| 
Running forwards near tho middle of the floor is the infra-ejrbital groove, 
terminating in front in the infra-orbital canal and transmitting the infra¬ 
orbital nerve and vessels. 

Tlie inner wall is nearly vertical, and is formed from before backwards 
by the frontal process of tlie maxilla, the lachrymal, the os planum of tho 
ethmoid, and a small part of the body of the sphenoid in front of the optic 
foramen. Sometimes the sphenoidal turbinated bone appears in this wall 
(see footnote, page 236). It exhibits three vertical sutures —viz. : one between 
the frontal process of the maxilla and the lachrymal, another between the 
lachr 3 ’-raal and ethmoid, and a third between (he ethmoid and sphenoid. In 
front is seen the lachrymal groove, which lodges the lachrymal sac. and behind 
the groove is the lachrymal cre-vt, from which the Tensor tarsi arises. At the 
junction of the inner wall and tho roof is the suture which joins tho frontal bone 
to the frontal process of the maxilla, tho lachrymal, and the ethmoid. The 
point of junction between the anterior border of the lachrymal and the 
frontal is named the dacryon. In ihe suture btstveen the frontal and the os 
planum of the ethmoid are the anterior and ‘p()sierior ethmoidal foramina, the 
former transmitting the nasal nerve and anterior ethmoidal vessels, the latter 
the posterior ethmoidal vessels. 

The outer wall, directed inwards and forwards, is formed bj"^ the orbital 
process of the malar and the orbital surface of the greater wing of the sphenoid; 
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these are united by a vertical suture which, terminates below at the front end 
of the spheno-maxillary fissure. On the orbital process of the malar are the 
orifices of one or two canals which transmit the temporal ai^d malar branches 
of the temporo-malar nerve. Between the roof and the outer wall, near the 
apex of the orbit, is the aphenoidal fissure. Through this fissure the third, the 
fourth, the ophthalmic division of tlie fifth, and the sixth nerves enter the orbital 
cavity’ also some filaments from the cavernous plexus of the sympathetic and 
the orbital brandies of the middle meningeal artery. Passing backwards through 
the fissure are the ophthalmic vein and the recurrent branch from the lachrymal 
artery to the dura mater. The outer wall and the floor are scjiarated posteriorly 
by the splteno-maxillary fissure which transmits the superior maxillary nerve 
and its leju 2 )oro-malar branch, the infra-orbital vessels, and the ascending 
branches from Meckel’s ganglion. 

The base of the orbit, quadrilateral in shape, is formed above by the supra¬ 
orbital arch of the frontal bone, in which is the supra-orbilal wttch or foramen 
for the jjassage of the Kui>ra-orbital vessels and nerve ; below by the malar 
and maxilla, united by the malo-ma?riUary suture ; externally by the malar and 
the external angular process of the frontal joined by the fronfo-malar suture ; 
internally by the internal angular process of the frontal and the frontal process 
of the maxilla, tho fronto-majcUlary suture intervening. 

The apex, situated at the back of the orbit, corresiionds to the optic 
forauK'n.* a shoi-t, circular canal, whicli transmits the optic nerve and 
Ofilithalmic artery. 

It will thus be seen that there are nine ofienings communicating with each 
orbit—viz. : the optic foramen, sphenoidal fissure, spheno-maxillary fissure, 
supra-orbital foramen, infra-oihital canal, anterior .and posterior ethmoidal 
foramina, malar foramen, and the canal for the nasal duct. 


IXTERIOH OF ’I’HE SKULL 

In order to study the interior of the skull the skull-cap should be removed 
by a saw-cut carried rourwl the cranium about the level of the frontal 
eminences and the upper limits of the squamous sutures, cutting the occipital 
bone about an inch above the external protuberance. 


InNKK SUKKACli OP TllK fSKlM.U-OAP 

The inruii- surface of the skull-cap is concave and presents depressions 
for the convolutions of the cerebrum, together ivith numerous furrows for 
the lodgment of branches of the meningeal arteries. Along the middle line is 
a longitudinal groove, narrow in front, where it (sommenees at the frontal 
i-rest, but broader behind ; it lodges the superior longitudinal sinus, and its 
margins afford attachment to the falx cerebri. On either side of it are several 
depressions for the Eacchionian bodies, and at its back part, the openings 
of the parietal foramiMl w'hen these are present. It is crossed, in front, by the 
coronal suture, and behind by the lambdoid, whilst the sagittal lies in the mesial 
plane between the parietal bones. 


UpPKK SURFACIS OP THE BaSE OF THE SkULL 

The upper surface of the base of the skull or floor of the cranial cavity 
(fig. 342) presents three fosste, called the aiUerior, middle, and posterior cranial 
fossae. 

Anterior fossa. —The floor of the anterior fossa is formed by the orbital 
plates of the frontal, the cribriform plate of the ethmoid, and the lesser wings 
and front part of the body of the sphenoid; it is limited behind by the 
Ijosterior borders of the lesser wings of the sphenoid and by the anterior margin 

* Some anatomists (ips(!ril)e l.lie apex of tlio orbit as corresponding with the inmsr end of 
tlie s]>hcnr)idal fis.sure. It seems better, however, to adopt tlic statement in the text, 
since tlie lauscles of tlie eyeball fake origin around the optic foramen, ami diverge from it to 
the globe of the eye. 
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of the optic groove. It is traversed by three sutures, the fronto-ethrmidal, 
S])hew)-eih 7 noidal and spheno-Jronial. Its lateral portions roof in the orbital 
cavities and support the frontal lobes of the cerebrum; they are convex 

Fio. 342.—Base of (he skull. Ui>]>tT surface. 
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and marked by depressions for the brain convolutions, and grooves for branches 
of the meningeal arteries. The central portion corresponds with the roof of 
the nose, and is markedly depress(>d on either,side of the crista galli. It 
presents, in and mjar the median liru*, from before backwards, the commence- 
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raent of the frontal crest for the attachment of the falx cerebri; the foranien 
ccecum, between the frontal bone and the crista galli of the ethmoid, which 
usually transmits a small vein from the nose to the superioj>longitudinal sinus; 
behind the foramen caecum, the crista galli, the free margin of which affords 
aUachment to the falx cerebri; on either side of the crista galli, the olfactory 
groove formed by the cribriform xdftte, which supports the olfactory bulb, and 
presents foramina for the transmission of the olfactory nerves to the nose, and 
in front a slit-like opening for the nasal branch of the ophtlitilmic division of the 
fifth nerve. On the outer side of each olfactoiy groove are the internal openings 
of the anterior and 'posterior eihmoi<lid foramina ; the anterior, situated about 
the middle of the outer margin of t/he olfactory groove, transmits the anterior 
ethmoidal vessels and the nasal nerve ; the nerve runs in a groove along th(' 
outer edge of the cribriform plate to the slit-like op»!ning above mentioned ; 
the posterior ethmoidal foramen op«ms at the back part of this margin under 
cover of the projecting lamina of the sphenoid, and transmits a menin¬ 
geal branch from the posterior ethmoidal artery. FariJu'r back in the middle 
line is the ethrnoidal spine, bounded behind by a slight elevation separating 
two shallow longitudinal grooves whi(>h supjwrt the olfactory lobes. Behind 
this is the iinterior margin of the o[)tic groove, running outwards on either 
side to the upper margin of the o}>tic foramen. 

The middle fossa, dc(^p<^r than the ori'(!(Kling, is uairow in the middle 
line, but benorru^s widew at the skhs of tlie skull. It is bounded in front by the 
posterior margins of the lesser wings of the sphenoid, the anterior cliuoid 

{ •roeesses, and tlie ridge forming the anterior margin of the optic groove ; 
>ehind. by the superior borders of the petrous jiortions of the frnn 7 )oral 8 , and 
the dorsum sellas, externally by the squamous ])ortions of the temporals, antero¬ 
inferior angles of the parietals, and greater Avings of the sijhenoid. It is traversed 
by four sutures, the squamous, sphcwt-parieUil, spJu'no-squamosal, and sphew- 
pdrosal. 

The middle i)art of the fossa presents, in front, the optic groove and oliveery 
ejmimejnr* ; the oj»tic grooves ti'rrainates on (uther .side at the optic foramen, whicih 
transnrits the of)ti(; nerve and oplithalmic artery to the orbital cavity. Behind 
the oj)tic foi-amcn the anterior clinoid process is din'cled backwards and inwards 
and gives attachment to the tentorium cercbclli. Behind tJnf olivary eminence 
is a deep depression, the sella tardea. Avhich lodges tlie pituitary body and 
presents on its anterior wall, the middle cliiwid processes. The seUa turcica 
is bounded posteriorly by a quadrilateral ]jlate of boiu^, the dorsum sella’, the 
upfWT- angles of whiesh are surmounted by the /losterior climid processes : thf'se 
afford attachmc.nt to the tentorium ccrehclli, an<l below each is a Tiot(;h for 
the sixth nerve. On either aide of th<‘ sella turcica is the carotid groove, which 
is broad, shallow, and curved somewhat like the italic letter/. It begins behind 
at the foramen lacerum medium, and ends on t he inner side of the anterior clinoid 
}»roftCSs, whercs it is sometimes converted into a foramen (carotico-clinoid) by 
the union of the anterior with tlu^ middle clinoid process ; posteriorly, it is 
bounded on the outer side by the lingula. 'I’his groove lodges the cavernous 
sinus and tlie internal (tarotid artery, the latter being surrounded by a plexus 
of sympathetic nerves. 

The lateral parts of the middle fossa are of considerable depth, and sufrijort 
the temporal lobes of the brain. Tlu'y are marked by depressions for the 
brain convolutions and traversed by furrous for the anterior and posterior 
branches of the middle meningeal artmy. These furrows begin near 
tlie foramen spinosum, and the anterior runs forwards and upwards to the 
antero-inferior angle of the parietal, where it is sometimes converted into 
a bony canal; the posterior runs backAvards and outwards across the squamous 
portion of the tcmporjil and jiasses on to the 7 )arietal near the middle of its 
lower border. The following apeitures are also to be seen. In front is the 
sphenoidal fissure, bounded above by the lesser wing, below, by the greater 
wing, and internally, by the body of the sphenoid ; it is usually completed 
externally by the orbital plate of the frontal bone. It transmits to the orbital 
cavity the third, the fourth, the ophthalmic division of the fifth, and the sixth 
nerves, some filaments from the cavernous plexus of the sympathetic, and the 
orbital branch of the middjo meningeal artery; and from the orbital cavity 
a recurrent branch from the lachrymal artery to the dura mater, and the 



274 


OSTEOLOGY 


ophthalmic vein. Behind the inlver-extremily of the sphenoidal fissure is the 
foramen rotundum, for the passage of the second division of the fifth nerve; 
still more posteriorly is the foramen Vemlii, which varies in size in different 
individuals, and is often absent; when present, it o])ens below at the outer 
side of the scaphoid fos,sa, and transmits a small vein. Behind and external 
to the latter o})ening is t\w. foramen owtle,, which transmits the third division 
of the fifth nerve, tin; small meningeal artery, and tlu! small superficial j)etrosal 
nerve.* On the outer side of the foramen ovale is Ww foramen spivomm, for 
the passage of the- middle meningeal artery and veins, and a recurrent branch 
from the inferior maxillary nerve. On the inner side of the foramen ovale is 
the foramen hteerum medivm ; in the mcent stsite the lowei- jjart of this 
a])<“rlurc is filled uj) by a layer of fibro-cartilagci. while its upper and inner 
[)arts transmit the internal carotid artery surrounded by a plexus of sympa- 
t iK'tic nerves, 'riie Vidian nerve and a meningeal branch from the as(!ending 
[)liaryngeal art<'ry ])icrce the layer of libi'()-cartilag<!. On the auh'rior surface of 
the ]ietrou8 portion of the temporal bone are sgen, from without inwards, 
the eminences caused by the projection of tin* supei’ior semicircular canal ; in 
front and a little to the outer side of this a depression corresponding to the 
roof of the tympanic cavity; the groove leading to the hiafns Fallnpii, for 
the transmission of the great superlitaal petrosal iK'rvc and the ladrosal bianch 
of the middle meningeal artery ; beruiath it, the smaller groove, for the passa-gc 
of th(“ small superficial ])elrosal nervn*; and, near tlm aju'x of the bone, tlu! 
depression for the Ga,sserian ganglion and the orifice of the (iarotid canal. 

The posterior fossa is the larg<‘st and de<'pest of the thrc(‘. It is formed 
by the dorsum sella- and clivus of the sphe-noid, the occipital, the petrous and 
mastoid portions of tin; temporals, and the ]>ost(‘ro-inferior angles of the 
parietal boru-s ; it is cros.sed bv two sutures, the occipHo-ma.'iloid and the {xtrieto- 
mastoid, and lodges the cerebellum, pons t’arolii, and nu-dulla oblongata. 
It is s(-fKirat(‘d fi-om t he middh- fossa in and near the median line by the dorsum 
selhe, and on (-ither side by the suj)erior btmh-r of tln^ petrous portion of the 
tem])oral bone. This border gives attachment to the- tentorium ccrebelli, is 
grooved foi' the su|H-i ior petro.sal sinus, and jircsents at its inner ('xtrcTuity 
a notc-h upon which the lifth m-rve n-sts. The fossa is limited Ix-hind by the 
grooves for the lateral sinuses. In its centre is the Jorameii iiKniiium, on 
either side of which is a rough tubercle for tlx- attachuK-nt of the latt-ral 
odont-oid or cheek ligaments ; a litth; above this tuberch- is tlu- anterior 
condyloid foramen, which ti'ansmits tlu- hyj)oglossal nerve and a meningeal 
branch from the ascending pharyngeal artery. Tn front of the foramen 
magnum the basilar proce-ss of tin- occij)ital and the ])o.slcrior part of the body 
of the sphenoid form a grooved suiface whii h su])]M)rts the medulla oblongata 
and pons Varolii ; in the young skull these- bones aj-(- joiiu-d by a- synelion- 
drosis. This grooved surface is scj)arat<“d on eit her side- from the |)<-trous portion 
of the tcmjKiral by the petro-ocdpHnl Ji-wnre, which is occupied in the rec(-rt 
state, by a ])lale of cartilage. This fissure is continuous behind with the jugular 
foramen, and its margins an- gioove-d for the iuft-rior jjetrosal shius. The 
jntjular foramen is situaUni between the lateral ])ortion of the occipital and 
the- pe-treius part- eff the- tempoi’al. I'lie anteiieir |)e)rtie)n e)f this forame-n trans¬ 
mits the- inferior jH-treisal sinus; the pewterior, the latenil sinus and senne 
jne-ninge-al branehi-s from the- oee-ij)ital and asce-nding pharyngeal arte-ries ; 
ane] the- middle-,, the glosso-])ha.rvng(-al, pne-umogastric, and sjhnal acce-ssory 
nervees. Above the jugular foramen is the- internal auditory meatun, for the 
facial and auditory nerves and auditory artery ; behind and external to this 
is the slit-like ope-ning leading inte) the aepia-ductus vestibuli, which leidges the 
due-1 us e-ndol_ynj])haticus : while be-tween thi-se, and ne-ar the sujTorieir border 
of the petrous ]>e)rtie)n, is a small triangular de-iirt-ssion, the re-mains oi the- 
fossa subarcuata, whie-h loelges a proe-ess of the dura mater and oceiasiomilly 
transmits a small ve-in. Behind the forame-n magnum arc the inferior occipital 
fosscF, which suppe)rt the he-rnisphe-res of the ea-rebellum, seijmrated from eme 
another by the internal occipital crest, Avhich serve-s for the attachment of 
the falx ccrebelli, and ie)dgcs the occipital sinus. The peistcrieu- fossjB eire 
surmounted by the- deep transverse- grooves for the lateral sinuses. Each of 


* See footnote, page 2:14. 
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these efrannels, in its passage to the jugtffSf foramen, grooves the occipital, 
the postero-inferior angle of the parietal, the mastoid portion of the 
temporal, and the jugular process of tin; otseipital, and ternlinates at the back 
part of the jugular foramen. Wliere this sinus gi'ooves the mastoid portion 
of the temporal, the orifice of th(; mastoid foramen may be seen ; and. 
just prcivious to its terminatif)n, th<^ 'posterior CAmhfloid foramen oprms into 
it; neither foramen is constant. 

The Nasal Foss.e 

The nasal fossx are two irregular cavities, situaied one on either sid(! 
of the middle line of the face, extending from the base of the cranium to the 
roof of the mouth, and separated from each oth(‘r by a thin vertical septum. 
They optm on tlu^ face through the pcar-shapcid ariterior nasal aperture, and 
communicate behind with tlie na.sal part of tlie pliaiynx by the posterior nares 
or cfuxiuce. They are mucli nai'rower above* than bi'low, and in the iniddhi 
than at their anh'rior or posterior openings : their (h'pth, which is considerable, 
is grciatest in tla* middle. Tluy communicate with tlie frontal, ethmoidal, 
sphenoidal, and maxillary sinuses. Each fossa is bounded by a roof, a floor, 
an inner and an outer wall. 


Flu. :J43.—Tnnoi- wall of left nasal fossa. 
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The roof (figs. :143 and 344) is horizontal in its central part, hut slopes 
downwards in front and behind ; it is formed in front by the nasal bones and 
nasal sfiine of th(| frontal; in the middli^, by the (jribriform plate of the 
idhinoid; and behind, by the body of the sphenoid, t he sphenoidal turbinated 
bones, the ala of the vomer and the sphenoidal process of the palate-bone. The 
cribriform plate of the ethmoid jnesents the foramina for the olfactory nerves; 
on the posterior part of the roof is the opening into the sphenoidal sums. 

'I’he Jloor is flattened from bcfoix; backward.s and concave from side to side. 
It is formed by the palatal processes of the maxilla and palate; near its 
anterior extremity is the opening of the incisor foramen. 

'riie inner wall, or septum nasi (fig. 343), is frequently deflected to one or 
other side. It is formed, in front, by the crest of the nasal bones and nasal 

T 2 
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spina of ,ties jfrontal; in the middle, by tlie perpendicular plate of the ctlmioid ; 
beljfcii,, by ibo vomer and rostrum of the sphenoid; below, by the crest of 
the^^iijiji i»d })alate bones. It presents, in front, a large, triangular notch, 
the septal cartilage of the nose; and behind, the free edge of 
the vome'rT Its sui-fact* is marked by numerous furrows for vessels and nerves 
and by the groove for the naso-palatine nerve, and is traversed by sutures 
eonueeting the bones of which it is formed. 

The mkr wall {fig. 1144) is formed, in front, by the frontal process of the 
maxilla and by the lachrymal bone; in the middle, by tlie ethmoid, maxilla 
and inferior turbinated bones; behind, by the vertical plate of the palate-bone, 
and the internal pterygoid plate of the splnmoid. Tfiis surfaces presents three 
irregular longitudinal passages, termed the superior, middle, and inferior 
meatuses of the nose. The superkn- mmivu, the smallest of the three, occupies 
the middle third of the outer wall. It lies between the superior and middle 
turbinated processes of the ethmoid ; the sjiheno-fakiHii’C foramen opens into 


Fm. .‘{44.—Roof, floor, and outer wall of left nasal fossa. 
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it behind, suid the imsterior ethmoidal ceUs in fiont. The sphenoidal sinus 
o])t*ns into a recess, the spheno-tUmoidal recess, which is placed above and 
behind the sujjcrior turbinated proec'ss. The middle, meatus is situated betw'oen 
the mi<ldle turbinated process and the inferior turbinated bone, and extends 
from the anterior to the posterior end of the latter. It presents in front the 
orifice of the infundibitlum, by which the middle meatus communicates with 
the fronUd si?ius and anterior ethmoidal cells. The infundibulum lejids 
downwards into a curved groove, the hiatus semilunaris, \n 1 he pos1<a’ior part 
of which is sisai the orifice of the antrum of Highmore. In a considerable 
jMjrcentage of skulls tlus antral orifice is duplicated, the second opening being 
usually situated behind the hiatus. Above the hiatus 8(5milunuris is a smooth 
convex surface—t lie bulla ethmoidalis —on which the middle ethmoidal cells open. 
The inferior meatus, tlu' largest of the three, is the space between the inferior 
turbinated bone and the floor of the nasal fossa. It extends almost the entire 
length of the outer wiUl of t he nose, is broader in front than behind, and presents 
anteriorly the low'er orifice of the caml for the nasal duct. 
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The antprior misal aperture is a heart-shaped or pyriform opening, whose 
long axis is vertical, and narrow extremity upwards. This opening in the recent 
state is mucli (iontracted by the cartilages of the nose. It»is bounded above 
by the inferior boiders of the nasal bones ; laterally by the thin, sharp margins 
which separate the facial from the nasal surfaces of the maxillm; and below 
by the same borders, where they slope inwards to join each other at the 
anterior nasal spine# 

The posterior nares or chmnoB are each bounded above by the under surface 
of the body of th<! sphenoid and ala of the vomer; below, by the posterior 
border of the horizontal plate of the palate-bone; externally, by the inner 
surface of the internal pterygoid plate; they are separated from each other 
by the posterior border of the vomer. 

DlFFjaRENCKS IX THE SkULL DUE TO AgE 

At birth the skull as a whole is large in proportion to the other j)arts of the 
skeleton, but its facial portion is small, and (Mjuals only about one-eighth of the 
bulk of the cranium us comparcsd with mie-half in the adult. Tin; frontal and 
parietal eminem;cs are prominent, and the greatest width of the skull is at the 
level of the latter : on tin; other hand, the gJabeHan, suj)erciliarv ridges; and mastoid 
processes arc not dcivelopcd. Ossificatioir of- tMB skull-bones is not completed, and 
many of them—e.g. the o(;cij)ital, temporals, sphenoid, frontal, and mandible— 
consist of more than one pi(!ce. Unossified nuunbranous intervals, termed fontanelles, 
are seen at (he angles of the parietal bones ; these fontan(^c8 are six in number : 
two, an anterior and a posterior, are situated in the ini^Se line, and two, an 
antero-lateral and a ])ostero-laterai, are placed on ^ 

The anta-ior or bregmatic Jcmtanellc (fig. 345) is the largest, and is situated at the 
junction of the sagittal, coronal, and iutcrfrontal sutu*es ; it is lozenge-shaped, and 
measures al)out an inch and a half in its antero-posterior and an inch in its trans¬ 



verse diameter. The posterior fontanelle is triangular in form and is situated at the 
junctiorr of the sagittal and lambdoid sutures. The lateral fovtaneMes (fig. 346) 
are small, irregular in shape, and correspond respectively witli the ant(*ro-inferior 
and postero-inferior angles of the parietal bones. An additional fontanelle is some¬ 
times seen in the sagittal suture at the region of the obelion. The fontanelles are 
usually closed by the grow'th and extension of the bones which surround them, 
but sometimes they are the sites of separate ossific centres which develop into 
Wormian bones. ITui posterior and lateral fontanelles arc obliterated within a 
month or two after birth, but the anterior is not completely closed until the first 
half of the second year; sometimes it remains open beyond the second year, a 
condition which is usually due to malnutrition in ih.’kets. A knowledge of the 
shape and position of the fontanelles is of service to the accoucheur in enabling 
him to determine which part of the foetal head is presenting during parturitioji. 

The small size of the face at birth is mainly accounted for by the rudimentary 
condition of the jaws, the non-eruption of the teeth, and the small size of the 
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maxillary air-sinuses and nasal cavities. At birt.li the nasal cavities lie almost 
entirely 'between the orbits, and the lower border of the anterior nasal aperture is 
o^y a little bclow.tlie level of the orbital floor. With the eruption of the milk- 
teeth there is an enlargement of the face and jaws, and these changes sire still 
more marked after the second dentition. 

The skull grows rapidly from birth to the seventh year, by which time the 
foramen magnum and petrous parts of the temporals have reached thcb' full size 
and the orbital cavities are only a little smaller than those of the adult. Growth 
is slow from the seventh year until the approach of puberty, when a second period 
of activity takes place ; this consists of an increase in all directions, but it is 
especially marked in the frontal and facial regions, where it is associated with the 
development of the air-sinuses. 

Obliteration of the sutures of the vault of the skull takes place as age advances, 
fl’his process may commence between the ages of thirty and forty, and is first seen 
on the inner surface, and some ten y(*ars later on the outer suidace of the skull. 
The dates given are, however, only aiiproximate, as it is impossible to state with 
anything like accuracy the tinn* at which the sutures arc closed. Obliteration 
usually occurs first in the posterior part of the sagittal suture, next in the coronal, 
and then in the larabdoid. 

In old age the skull generally becomes thinner and lighter, hut in a small 
proportion of cases it increases in thickness and w'cight, owing to a hyjiertrophy of 
the inner table. The most striking feature of the old skull is the diminution in the 
size of the jaAvs consequent on the loss of the teeth and the absorption of the alveolar 
processes. This is associated Avith a marked reduction in the vertical measurement 
of the face and Avith an alteration in the angles of the mandible. 


Sexual Diei'ekexues ix tite Skull 

Until the age ol puberty tluire is little difference betAveen the skull of the female 
and that of the male. The skull of an adult female is as a rule lighter and 
smaller, and its cranial capacity about lU per cejit. less, than that of the male. 
Its AA'alls are thinner and its muscular ridges l<*ss strongly marked; the glabella, 
superciliary ridges, and mastoid jjrt»cess(ss are less prominent, and the corresj uni ding 
air-sinuses are small or rutbincntary. The u])j)er margin of the orbit is shar]), the 
forehead vertical, the frontal and parietal eminences prominent, and the vault 
somewhat flattened. The contour of the face is nu)rc rounded, the facial bones 
are smoothciT, and the jaAvs and tlu'ir contained teeth smaller. Erom Avhat 
has been .said it Avill be seen that more, of the infantile characteristics are retained 
in the skull of the adult feniiile than in that of the adult male. A Avell-markeil male 
or female skull can easily be recognised as such, but in some cases the res])ectiA’e 
characteristics are so indistinct that the determination of the sex may be difficult 
or impossible. 

Ckaxtologv 

Skulls vary in siz(i and shape, and the term craniologif is applied to the study 
of these variations. The size of a skull constitutes a good index of the; develop¬ 
ment of the brain AAhich it contained, and is most conveniently araved at by 
ascertaining the ciipaciti/ of tin* cranial cavity. Tliis is accomplished b)- filliiig 
the cavity with shot and nieasuring the contents in a graduated vessel. Skulls 
may be ciassified according to their ca])acities as follows : 

1. Microeephalie, Avith a capacity of less than 1350 cubic centimetres— 
e.g. those, of native Australians and Andaman Islanders. 

2. Mcsocephalic, with a capacity of from 1350 c.cm. to 1450 c.cm.—e.g. those 
of African negroes and Chinese. 

3. Majaa'phnlic, with a capacity of over 1450 c.cm.—e.g. thosci of Europeans, 
Japanese, atid Eskimos. 

In compaiing the shape of one skull Avith that of another it is nece.s8ary to 
adopt some definite position in which the skull should be placed during the 
process of examination. It should be so placed that a line carried through the 
lower margin of the orbit and upi)er margin of the external auditory meatus is in 
the horizontal plane. The norma; ol one skull can then be compared with those 
of another, and the differenees in contour and surface-form noted. Further, it is 
necessary that the various linear measurements used to dtitermine the shape of the 



CRANIOLOGY 


279 


skull should be jnade between definite and easily localised points on its surface. 
The principal points have already been mentioned in the descriptions of the 
individual skull-bones, but arc here tabulated for convenience pf reference. They 
may be divided into two groups : {1) those in the mesial plane, and (2) those on 
either side of it. 

The points in the mesial plane are the : 

Mantd poinl. The most prominent point of the chin. 

Alveolar point or pronthion. The ctuitral point of the anterior margin of the 
upper alveolar arch. 

Sub-nasal point. The middle of the lower border of the anterior nasal aperture, 
at the base of the nasal spine. 

Nasion. The central point of the fronto-nasal suture. 

(thil,(ila. The point in the middle line at the level of the superciliary ridges. 

Ophrifon. The point in Ihe middle line at the level where the temporal lines 
most nearly approach each other. 

Jircijma. The meeting point of tin* coronalwand sagittal sutures. 

Obciion. A point in the sagittal suture on a level with the parietal foramina. 

fjainbda. The point of junction of the sagittal and lambdoid sutures. 

Oecipilal point. The [mint in tin* middle lim* of the occipital bone farthest 
from the glabella. 

Inion. The (*.\ternal occipital protuben nee. 

Opi.slhion. The mid-point of the posterior margin of the foramen magnum. 

fiasioii. The mid-point ')f the aiit(*rior margin of the foramen magnum. 

Tlie [mints on either side of lln^ mesial plane are the : 

(Jonion. The outer margin of the angle ol the mandible. 

Dacrifon. 'I'ln* point of union of tin* antero-superior angle of the lachrymal 
with the frontal bone and the frontal process of the maxilla. 

Stcjilmnion. The [)oint where the tem|joral lim* intersects the coronal sutun*. 

Pterion. The [)oijit where the great(*r wing of tin* sphenoid joins tin* antero¬ 
inferior angle of the [)arietal. 

Auricular point. The centn* of the orifice of the exterjial auditory meatus. 

Asterion. The [joint of meeting of the lambdoid, masto-occipital, and masto 
[jarietal sutures. 

'I'he horizontal cireuni/erence of the cranium is measured in a [)lane passing 
through the glabella (Turner) or the o[)hrvon (Klower) in froni, and the occipital 
[joint behind ; it averages about twenty inches (50 cm.) in the female and twenty- 
one inches (52*5 cm.) in the male. 

Tin* (H-eipito frontal or loiujitudinal are is measured from the nasion over the 
middle lim; t>l the vertex to the o|)isthion ; while the ba.<ii-nasal Icrujlh is the 
ilistatJce betwe(>n tin* basion and the nasion. 'I'hese two measurements, plus 
the antero-[)ost<*rior diameter of the foramen tiiagnum, represent the vertical 
eire,vnArrcne<- of the cranium. 


Th.* lentilh is measur(*d from the gla,b(*lla to the oc(*ipital point, while the 
breadth or greatest tiansverse diameter is usually found near the external auditory 

jjieatus. The [jroporlion of breadth to length ^ 190) termed the 

length 


cephalic index or index, of breadth. 

The heitjhi is ustuilly measured from the brrsion to tin? br(‘gma, find the pro 

portion ol height to length ^ 1^^^) cojistitutes the vertical or height index. 

length 

In studying the lace the [jrincipal points to be notic(jd are the proportioji of its 
length and breadth, th(j shape of the orbits and of the ajiterior nasal aperture, and 


the degree of prcjj(!(*tion of the jaws. 

The length of the face may be measured from the ophryon or nasion to the chin, 
or, if the mandible lie wanting, to tlm alveolar point; while its width is represented 
by the distance betw'een the zygomatic arches. By comparing the length -with 
the width of the face, skulls may be divided into two groups : dolichojacial or 
Icptoprosope (long-faced) and brachyfoctal or chamoprosope (short-faced). 

The orbital indxx signifies the proportion which the orbital height bears to the 
orbital width, thus : 


orbital height x lt)0 
orbital width 
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The nasal index expresses the proportion wliich the width of the anterior nasal 
aperture bears to Ihe height of the nose, the latter being measured from the nasion 
to the lower margin, of the nasal aperture, thus : 

nasal width x 100 
nasal height 

The degree of projection of the jaws is determined by the gnalJiic or alveolar 
index, wliich represents the propoition between the basi-alveoiar and basi-nasal 
lengths, thus : 

basi-alveolar length x J 00 
basi-nasal length 

1’he following table, modified from that given by Duckworth,* illustrates how 
those different indices may be utilised in the classification of skulls: 


» 

i 


lNl>K\ 

Cl..\SSU'’l<'ATtON 

Nomkxcl.vtvuk 

EXA.M1’1.B.S 

1. Cephalic 

Below 75 . 

Dolichocephalic . 

Kaffirs and Native 
Australians 


Betw'ecn 75 and SO 

i Mesaticephiilic 

Europeans and 

Chinese 


Above 80 . 

Brachycephalic . 

1 _ 

Mongolians and 

Andamans 

2. Orbital 

. Below 84 . . . 

Microseme 

Tasmanians and 
Native .Austra¬ 
lians 


Between 81 and 89 

Me.so8cme . 

Europeans 


, Al)uve89 

Megaseme. 

Cliiiiese and 

Polynesians 

3. Nasal . 

Below' 48 . . . 

Leptorliine 

Euroji(‘aiis 


Between 48 and 53 

Mesorhine. 

.lapanese and 

(Chinese 


Above 53 . . . 

Platyrhiuc 

N egroes and Native 
Australians 

4. Onathic 

Below 98 . . . 

Orthognathous . 

Europeans 


Between 98 and 103 Mesognathous 

Cliiiiese and 

.) apanese 


Above 103 . 

Prognathous . 

Native Australians 


Surface Form .—The various bony promine-rices or landmarks whicli arc easily felt 
an<l recognised in the head and face, and which afford the means of mapping out the 
important structures comfirised in this region, are as follows : 


1. Supra-orbital arch 

2. Internal angular jirocoss. 

3. External angular process. 

4. Zygomatic arch. 

5. .Mastoid process. 

(j. External occipital protuberance. 

7. Sujicrinr curved lino of occipital bone.. 


8. Parietal eminence. 

9. I'emporal ridge. 

10. Erontal eminence. 

11. Superciliary ridge. 

12. Nasal bone. 

13. Lower margin of orbit. 

14. Mandible. 


1. Tlic sHprii-orhihil atrit can b» felt throughout its entire extent, covered by the 
eyebrow. Tt forms the upper boundary of the eireumference of the orbit and separates 
the face from the forehead. It terminates internally at the root of the nose, in the internal, 
angular process whieh articulates with the lachrymal bone and frontal process of the 
maxilla, and externally in the external angular process which articulates with the malar 
ixtne. At the junction of the inner and middle thirds of the arch, a slight interruption 
in the outline may sometimes be felt; Ibis is the supra-orbital notch. When the notch 


* M/irgjlio/offj/ and Anthropolugg, by W. I<. II. Duckworth, M.A., Cambridge University Prcs.s. 
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is converted into a foramen, the interruption does not exist. A line carried from this 
notch or foramen downwards over the face, to the second bicuspid tooth of the mandible, 
posses over tlio infra-orbital and the mental foramina, and thus, constitutes a guide 
to the points of exit of the throe largest cutaneous branches of the fifth cranial nerve. 
In the less civilised races, as iho forehead recodes backwards, the supra-orbital arch 
becomes more prominent and approaches more to the condition seen in the monkey tribe, in 
which the supra-orbital arches are very largely developed and acquire additional promi¬ 
nence from the oblique direction of the frontal bone. 2. The internal angvJar process 
can scarcely bo felt. Its position is indicated by the angle fonned by the supra-orbital 
arch with the frontal process of the maxilla and the lachrymal bone at the inner side of 
the orbit. Between the internal angular processes is a broad surface, which assists in 
forming the root of the nose, and immediately above this an expanded, smooth, somewhat 
triangular area, the glabella, situated between and connecting the superciliary ridges. 
3. The external angvJar process is much more strongly marked than tlie internal, and can 
be plainly felt. It is formed by the junction of the supra-orbital and temporal ridges, 
and, iirticulating with the malar bone, it serves to a very considerable extent to support 
the bones of the face. In carnivorous animals the external angular process does not 
articulate with the malar, and therefore this laterA support to the bones of the face is not 
present. 4. llie zygomatic arch can be felt throughout its entire length, and is formed by 
the malar bone and the zygomatic process of the temporal bone. Its anterior part is 
broad, and constitutes the prominence of th chock ; its posterior part is narrow, and 
terminates just in front and a little al)Ove the tragus of the external ear. Its upper border 
may be traced backw'ards, as the posterior rixd. above th<! tragits and the oxtomal auditory 
meatus to join the jwsterior iiart of the lower temporal ridge, forming the irupramastoid 
crest. A spot in this line, immediately in front of the upper border of the tragus and 
l)otw<!on it and the condyle of the mandible, is known as the pre-auricular pjint. lliis is an 
important landmark, since the temporal vessels and the auriculo-temporal nerve cross 
it, and two inches vertically above it is the lower end of the fissure of Rolando. The lower 
border of the zygomatic arch is more ))lainly to Ix) felt than the upper, m coascquencis of the 
dense temporal fascia being attached to the latter, which somewhat obscures its outline. 
5. Behind the car the mastoid portion of the temporal bone can be plainly felt, terminating 
below in a nipplc-sliapod j>n)ccss. Its anterior border lies immediately Isdiind the 
concha, ana its apex is about on a level with the lobule of the car. It is rudimentary in 
infancy, but graidually develops in childhood. G. The external occipital protubera'nce 
(inim) can be felt at the level where the skin of the neck joins that of the head. At this 
j>()iut tli<! skull is thick for the purposes of safety, while radiating from it are numerous 
ciir\cd iirches or buttresses of bone which give to this portion of the skull further seesurity. 
7. Ruiuiitig outwards on either siile from the external occipital protuberance is an arched 
ridg(‘ of bone, the svperior curved line, which gives attachment to some of the musi-les 
which keep the head moct on the vertebral column. Below this Him the surface of 
bone is ol)scni-cd by the ov'erlying muscles, except in the middle, where the external 
oceipitnJ cn;st can generally 1 k! felt at the bottom of the nuchal furrow. Abovr* it, the 
vault of the cranium is thinly covered with soft structures, so that the form of this part 
of the head is almost c.xactly that of the upjM-r i>ortiun of the occipital, the parietal, and 
the frontal bones tlieinselvcs ; in bald jxwons, even the lines of junction of the bones 
(especially that of the oecijutal mid paiietals at the lambdoid suture) may be defined 
as slight d(iprcssions. eausixi by the thic-kening of the borders of the bones. 8. Near the 
line ol the greatest transverse diameter of the head arc; tlui jHtrictal eminences, one on 
either sid(! of the middle line ; they denote the points where ossification of the parietal 
bones began. The jjarirstal eminence is jiarticularly exjroscd to injury from blows or falls 
on the head, but fracture is to a certain extent prevented by the shape of the bone, 
which forms a dome, so that' the force of the blow is diiluscd over tlie bone in every 
direction. 9. At the side of the head is the temporal ridge. Commencing at the external 
angular process, it may be felt as a curved ridge, passing upwards on the frontal bone, 
and then curving backwards, separating tlio forehead from the temporal fossa. It may 
then be traced, in a curved direction, over the parietal bone, where, though less marked, 
it can generally be recognised. Finally, the ridge curves downwards and forwards, and 
terminates in the posterior root of the zygoma. 10. Tlie frontal eminences vary in 
prominence in different individuals, and arc frequently unsymmetru-al. Their prominence 
depends more upon the general shape of the bone than upon the size of the eminences 
themselves. As the skull is more highly developed in conscquonco of increased intellectual 
capacity, so the frontal bone liecomes more upright, aBid the frontal eminences stand out 
in bolder relief. Thus they may bo considered as affording, to a certain extent, an 
indication of the development of the fronlal lobes of the brain, and of the mental jmwers 
of the individual. 11. Below the frontal eminences are the superciliary ridges, which 
denote the position of the frontal sinuses, and vary in different individuals, being, as a 
rule, small in the female, absent in children, and sometimes unusually prominent in the 
male, when the frontal sinuses aie largely developed. The degrw of prominence of the 
superciliary ridges is not, however, necessarily dependent on the size of the frontal sinuses, 
for large sinuses may bo present in cases where there is but little elevation of the ridges. 
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the other hand, strongly marked ridges may bo associated with small air-sinuses. 

^ commence on either side of the glabella, and hero present a rounded form, which 
^odually; fades away, at their outer ends. 12. 'J’he nasal hones form the prominence of 
the nose. They vary much in size and shape, and to them is due the varieties in the 
contour of this organ and much of the character of the face. 13. The lower margin of the 
orbit, formed by the maxilla and malar bone, can be felt tliroughout its entire length. It 
is continuous internally with the frontal process of the maxilla, atid at their point of 
junction is a little tubercle, which serves as a guide to the position of the lachrymal sac, 
which is situated above and behind it. 14. The outline of the mandible can be felt 
throughout its entire hmgtli. Just in front of the tragus of the external ear. and IkJow 
the zygomatic airch. the condyle can made out. When the mouth is oj)ened, this 
prominence of bone advances out of the glenoid fossa on to the eminentia articularis, and 
recedes when the mouth is closed. From the condyle (lu* j)o.sterior boi’der of the ramus can 
l>e followed doun to the angle, and from the angle to the symphysis menti the lower 
rounded border of the Ixxly of the bone is plainly to be felt. At the point of junction of 
the two halvc\s of the bone is a well-marked triangular eminence, the mental process, u Inch 
forms the prominence of the chin. 

Applied Anatomy .—Occasionally a protrusion of the brain or its membranes may 
take place through one of the sulures, owing to non-closiirc. When the protrusion con¬ 
sists of membranes only, and is tilled with cerebro-spimil fluid, it is (tailed a meningocele ; 
when it consists of brain lus well as membranes, it is termed an encephalocele. 1’hcso 
malformations ant usually found in the middle line, and most frc(]uentJy at the back of 
the head, the protrusion taking [)lac(' between the centres of ossification of the tabular 
[)ortion of the oeeipital bone (see page 217). Tluty gi>nerally occur through the upptir 
part of the vertical fissure, which is the last to ossify, but not uncommonly through the 
lower part, when the foiamen magnum ftiay be incomplete. More rarely these protrusions 
are met with in other situations, as in the sagittal, l.amlKloid, and other sutures, or through 
abnormal gaps and delieieneies at the sides or base of the skull. 

'J’he chief function of the skull is to j)rof(‘ct the brain from any form of violeiux* to which 
it may bo subjected. W'e find, tluirefore, that those portions of the skull which are most 
exposed to external violence are thicker than those which are shielded from injury by 
overlying muscles. 'I'hus, tin* skull-ca]) is thick and dense, rvhereas the s(]uamoiis portion 
of the temporal bone. Ixuiig protected by the 'I'cmporal muscle, and the inferior occij>ital 
fosrf.TL', being shielded by the nuiseles at the back of tlie neck, are thin and fragile. Fracture 
of the skull is further j)revented by its elasticity, its rounded shape, and its construction 
of a number of stscondary elastic arches, each made up of a single bone, 'fhe manner in 
which vibrations arc transmitted through the bones of the skull is also of iinjiortanee as 
regards its protective mechanism, at all events as far as the base is concerned. In the 
vault, the bones being of a fairly equal thickness and density, vibrations are fmnsmitted 
in a uniform manner in all directions, but in the ba.se, owing to the varying thickness 
and density of the* bones, this is not so ; and theri'foro in Ibis situation there arc 
special buttresses u'hich serve to carry the vibrations in certain definite directions. At 
the front of the skull, on enther side, is the ridge which separates tin- anterior from the 
middle fossa of the base ; and tiebind, the ridge or butlri'ss uhieh separates the middle 
from the posti'rior fossa ; and if any violence is ap))lied to the vault, the vibrations would 
be carried along these buttresses to the sella turcica, where they meet. 'Fliis jiart has 
been termed th(‘ ' centre ot rc.sistanec,’ and luire there is a s))ecial protective mi'chanism 
to guard the brain. The subarachnoid space is dilated, and the increased quantity of 
(icrcbro-sjiinal fluid acts as a water-cushion to shield the brain from injury. In like 
manner, when ( iolencie is ajiplied to the base of thi* skull, as in fa,lls upon the feet, the 
vibrations are carried backwards through the occipital crest, and forwards through the 
basilar jirocess and body of the sphenoid to the vault of the skull. 

Fractures of the skull are best considered as affecting either the vault or the base. 
Fractun's of the vault may, and generally do, involve the whole thickness (if the bone ; 
but somctiincis the inner table only ma^' be fractured, and portions of it driven inwards. 
As a rule, in fractures of the skull, fh(> inner table is more splintered and comminuted 
than the outer, and tins is due to several causes. Tt is thinner and more brittle ; the 
force of the violence as it passes inw'ards becomes broken uf). and is more difl’used by 
the time it reaches the inner table ; th(> Ixmi! being in the form of an arch bends as a whole 
and spreads out, and thus jm'sses the particles together on the convex surface ot the 
arch, i.e. the outer table, and force.s them asunder on the concavi* surface or inner 
table ; and, lastly, there is nothing firm undw’ the inner table to support it and oppose 
the force. Fractures of the vault may be simple fissures, or may lx- starred and commi¬ 
nuted, and the fragments may be de))reHsed or ek'vated. tlases of fracture with elevation 
of the fractured jiortiou are uncommon, and can only be produced by direct wound. In 
comminuted fnuiture. a yiortion of the skull is broken into several pieces, the linos of 
fracture radiating from a centre where the chief impact of the blow was felt; if the 
fracture is also depressed, a fissure circumscribes the radiating lines, enclosing a portion 
of the skull. If this area is circular it is termed a ‘ pond ’ fracture, and would in all 
probability have been caused by a round instrument, as a life preserver or hammer ; if 
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elliptical in Hhaj^e it is termed a ‘gutter’ fracture, and would owe its shapethe 
instrument which had produced it, as a poker. Fracture* of the outer table alone^^ii^liL 
00001*8 in the region of the frontal sinuses where the two tables are completely nmjATated. 

Fractures of the base of the skull may be produced by indifert or dirccl^iolenoe. 
I. In cases of the former class the violence is applied to the vertex or some part of the 
cranial convexity, as when a person falls from a heicht on to his head and a fracture 
of the base results. The mechanism of this form of fracture was formerly explained by 
the doctrine of conire-roup, i.e. that the force was transinittod from one side of the skull 
to the other ; but this idea is now comjiletely exploded, and there are at the present day 
two theories as to mode of causation of thc.se fractures, (o) Acooi*ding to Aran's theory 
of irradiation all fractures of the base are produced by a fissure, which starts from the 
point of injury and radiates to the base. I’kore can be little doubt that many cases of 
fracture of the b.'iso, esjiecially of the middle fossa*, arc caused in this way, but it is 
insufficient to cx])l<airi all, since instances have been met with of fraidurc of the base of 
the skull in which there has been no fracture of (he vault, (h) To explain those cases, 
another theory, known as the compreaxion or hiirxting theory, has been HuggeHl(*d. If a 
hollow, elastic sphere is compressed Irora .above downwards, it will bulgi* laterallv, and. if 
the compression is siilliciont, it will eventually burst in the situation Avhero it bulges. 
Now, (he skull is an elostii* splu'ns, and when comitrcssion is applied to it, its diamoti*r 
will be reduced along the line of greati*st pressure and will therefore bo increased in other 
directions, and may increase to such an oxter t (hat bursting occurs. In a hollow clastic 
spheii* of uniform thickness, the bulging and subs(upi(*ul bursting take [ilacc at the 
equatorial line midway between the two points of compression ; but the skull is not of 
uniform thickness, and th(*retore the bulging and suhseijuent imrsting take p]at*e at (lie 
weakest part. 

IT. Direct violeni*e applii'd lo the base of the skull may eaus<* fraeturc in several ditferent 
ways : by the impact of the v('it«'bral column against tin* condyles of the oc(*ij)ital bone, 
in falls on the buttocks or f«*et ; by the coudylo of the lower jaw lieing driven against 
the gIi*noid fossa, in blows or falls on the cbiii ; by the thrusting of a pointed instrum(*nt 
through (be orbit or nose ; by guiishol wounds Ibrougli the mouth ; and by a fall 
or a stab on the hack of the li(*a(l. 

In thi* majority of east's of fraetiin'of tlu* ba.se, tin* fraelun* is compound. In the 
anterior fossa, if (he fissiirt* t'xtend across (In* cribriform plate, the nasal mueoiis 
UH'iiihrane is usually torn and tiu* fracture rendert'd comiiound into the nose. In* (he 
middle fossa, tlu* fractnn* nsu.ally opens u]) (he tyni)ianic eaiily, and if the memhvana 
tvmp.ani he torn, the fraetnre is compound, ria the external auditory meatus. Continued 
hk't'dirig from (lie now* or ejir is one of the most eonstant symptoms in these eases. 

riu! most I'oiiinion place for frat'ture of tin; base to occur is through the middle fossa, 
and here tlu* fissure usually takes a fairly definite (*ourse. Starting from the point striiek, 
w'Jiieli is generally somewhen* in the neighhourhood of the parietal emineni*e, it runs down¬ 
wards through the parietal and the squamous portion of the tcmiioral and a(*ross the 
])ctroiis |K>rtion of this bone, I'rcquimtly Iraveif'iiig and implicating the internal aiuli'ory 
meatus, to the middle lueeraled foramen. From this it may p.ass across the body of 
the spiu'noid. through the pituitary lossa, to tin foramen Incerum Tiicdium of the 
otlu*!* side, and may irult*ed trniel round (lie whole (*ranium, so as to completely separ.atc 
the anterior from tlu* posterior pari. The course of tlu* frac'ture should be borne in mind, 
as it explains the symi>toins lo which fracture in this logion may give rise; (lius, if the 
lissiin* pass aero.ss the internal auditory meatus, injury to the faeial and auditory nerves 
may rt*sult. with (ionsequent facial jiaralysis and dcafm'ss ; or the tiilnilar jirolongation 
of tlu* arachnoid around these neiwcs in the meatus may be torn and thus permit of the 
escape of the (*ei*cbro-spuial fluid should (lien* bi* a coinniuriieation between (he internal 
ear and tlu* tympanum together with rupture of the membrana tymjiani, as is frequently 
the ease: again, if tlu* tissure }>ass acro.ss the pituitary’fossa and the raueo-pcriostcum 
covering the under surface of the body of the s])heiu>id is torn, blood will iind its way 
into the Jiharynx and he .swrllowcd, and after a lime vomiting of blood will result. 
Frai'turcs of the anterior fossa, involving the hones forming the roof of the orbit and 
nasal fossa, are generally' tlu; result of blows on the fon*lu*iul; but fracture of the cribriform 
plate of the ethmoid may bo a <*omplication of fracture of the n.asal bone. When the 
fracture implicates the- roof of tin* orbit, the blood finds its way into this cavity, and. 
travelling forwards, appears as a su bconjunctival ccehymosis. If the root of the nasal fossa 
he fraetur^, the blootl escapes from the nose. In rare cases there may be also cseajie of 
cerebro-spina! fluid from the nose, should the dura mater and arachnoid have lK*en torn. 

In fractures of the posterior fossa, extravasation of blood may apjiear at the nape of 
the neck, beneath the muscles attached to the superior curved line of the occitiital 
boms. 

Dixeaxfx of the Skull. —An inflariimatory condition affecting the bones and the peri¬ 
cranium together is generally caused by scjitic infection either of a scalp wonrul, exposing 
and bruising the bone, or of a ('(impound fracture, and is termed septic axteompelitix. 
Oceasionally it may occur independently of injury, and then follows the same (iourso, and 
is due to the same causes, as acute infective osteomyelitis in the long bones. 
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The moHt common chronic disease of the skull is due to syphilis. In acquired ayphUis 
tile disease usually occurs as nodea, which arise most commonly in the pericranium, but 
may also arise in the diploe, or more rarely on the inner surface of the skull. ITie formation 
of gummata under the jieriosteum generally leads to caries, which may bo either limited 
if the gumma is localised, or widespread if the gumma is diffuse. The caries is often 
complicated by necrosis, for a condition of sclerosis is frequently set up in the surrounding 
bone, and the vessels in the Haversian canals become compressed and the vitality of the 
bone is interfored with ; hence we often find a central necrosing area surrounded by a 
zone of caries. Large carious sequestra may be thrown off after prolonged suppuration, 
leaving considerable areas of the dura mater exposerl. A common result of syphilitic 
disease of the skull is the production of large hard masses of bones on its surface, which 
give it a tuborculated appearance; in other cases, the skull presents a curious worm-eaten 
appearance ; this is due to the fact that the osteogonetic powers of the pericranium are 
small and the formation of bone on the surface slight. Tn hereditunj syphilis, in addition 
to the formation of gummata. which are usually of the subperiosteal variety, atrophic 
or liyiwrtrophic changes may take place. Tn the atrophic coses the bone becomes abnor¬ 
mally thin, or even j)crforated, generally whore there is ju'essurc, as from the pillow or 
nurse’s arm. Hence they are usually met with in the parietal bones or vertical plate of 
the occiput. This condition is known as craniotabes, and may also occur as a consequence 
of rickets ; it gives rise to a peculiar sensation known as that of ‘egg-shell crackling’ 
when the affected bones, reduced to a membranous or parchment-like consistency, are 
palpated. In the hypertrophic cases, a deposit of porous bone takes place around the 
anterior fontanclle in the parietal and frontal bones ; these deposits arc separated by the 
coronal and sagittal sutures, and give to the skull an appearance* like a ‘ hot cross bur.’ 
They ai’o known u.s Parrot's nodes, and 8u<'h a skull has received the name of the ‘ hot 
cross bun ’ skull. 

'i’he most common tumours of the skull arc the osteomata and the sarcomata. The 
osteoma is generally tin* ivory exostosis, though cases of spongy exostosis do occur. 
Sarcomata of the skull may arise cither from the pericranium or the dijdoe, but it is 
usually impossible to distinguish clinically between the two. (Carcinoma, if it occurs in 
the skull, is alw’ays secondary to can<'er in some other part of the body. 

Hypertrophic changes occur in the sKull in ostitis deformans, acromegaly. Icontiasis 
ossea, and in rickets. In these latter cases the skull b;*comes enlarged from the formation 
of periosteal outgniwths of soft puraic<--likc osteoid tissue on the outer side of the skull. 
These deposits are very rich in blood-ves.scls, and occur between the ridges of the cranial 
bones and their centres of o.ssification, and are symmetrically arranged—often about the 
anterior fontanelle. Tin; anterior fontanclle itself, instead of closing bctw'cen the 18th 
and 24th months, as it normally does, remains patent in rickets until the third or even 
the sixth year. The general shape of the skull alters. The forehead is high and square, 
with prominent frontal eminences, and the hcail tends to l)c cubical or box-shaped, wheriias 
in hydro(!ephalus it is rather globular ; the enlargement of the head in rickets ai>pears 
to bo greater than it really is Iwcause the development of the facial bones is retarded. 
The base of the nose may apjiear Buukon, from ret<arded dcivelopment of the basis cranii. 
In marked oases of ricketg tliesc changes in the shape of the skull are permanent. In 
cong<‘nital hydrocephalus, or enlargeincnt of the head duo to the presence of excess of fluid 
in the ventricles of the brain, the cranium bceom«is globular, and its bones arc thin and 
atrojthic. Often they are wdtlely sei)arated, the intervening 'ontanellos being much 
enlarged and partially tilled in by numerous Wormian bnn<‘s ; the atrophy of the cranium 
and brain may be so extreme that the light of a candle may Ik* {)lainly visible through 
the whole thickness of the enlargehead. 

The head may Iw abiiorm.ally small (inicrocephalus) with pretnature ossification of 
its sutures, a condition usually a.ssociatod with idiocy. Linear craniotomy, or the 
excision of a strip of bone on cither side of the nw-dian line, has boon proposed as an 
oiHiration likely to improve the j)atient’s rental development by allowing room for 
the growth and oxpansitm of the brain. Unfoitunately in these cases the brain always 
shows imperfect or jncraaturely arrested development, so that the operation is foredoomed 
to failure ; in addition, premature ossification of the sutures is not invariably ' "esent in 
microcephalus. 

The mastoid antrum, situated in the mastoid portion of the temporal bone, is some¬ 
times the seat of supjmration as a result of infection extending backwards from the 
tympanic cavity. In such coses, aurgef)n has to open the antrum in order to give exit 
to the pus. This he does by introducing his gouge in the supraracatal triangle {see page 
224). A line is drawn horizontally through the upper border of the bony external 
auditory meatus, and a second v* tically through the posterior wall of the meatus, and 
the gouge is applied in the angle where these two lines intersect each other; if the 
instrument be introduced at a higher level it will open the cavity of the skull. It is to 
bo carried in the direction of the external auditory' canal—inwards, forwards, and a little 
upw'ards—for the distance of from I to cm., when the antrum will be reached. In some 
cases of middle-car trouble, scqitic thrombosis of the lateral sinus takes place, and it 
becomes necessary to trejrhine and explore the sinus. 



DISEASES OF THE SKULL 

In comiection with the bones of the fare a common malformation is c/e/'t paj^e. The 
cleft usually starts posteriorly, and in its most elementary form may consist simply of a 
bifid uvula; or tho cleft may extend through the soft palate ; or the posterior part or the 
whole of the hard palate may bo involved, tho cleft extending as far forwards as thfe anterior 
palatine canal. In the severest forms, the cleft extends through the alveolus and passes 
between the premaxillary bone and the rest of the npi>er jaw ; that is to Say, between 
the lateral incisor and canine teeth. In somo^stai ces. the cleft has bi^en noticed to pass 
outwards between the central and lateral incisor teeth ; and this has induced some 
anatomists to believe that the premaxillary bone is deve]oi)ed from two centres (fig. 347) 
and not from one, as was stated in the description of the lione. The mesial.segment, 
bearing a central incisor, is called an m-dngnaJthion ; tho lateral segment, bearing the lateral 
incisor, is called a mesognathion; and the rest of the maxilla is termed the ezognaihion. The 
cleft may affect one or both sides; if the latter, the central part is frequently displaced 
forwards and remains united to the septum of tho nose, the deficiency in the alveolus being 
complicated with a cleft in the lip (hare-lip). On examining a cleft palate in which 
the alveolus is not implicated, the cleft will generally appear to be in the mesial lino, but 
occasionally is unilateral and in some eases bilateral. 'J'o understand this it must be borne 
in mind that three processes are concerned in the formation of the i)alatc—tho two palatal 
l)roeo8sos of the maxill®. which grow in horizontally and unite in the middle line ; and 
the cthmo-vomeriiie proccfss, which grows downwards from tlie base of the skull and 
fronto-uasal process to unite with tho palatal process in the mesial line. In those cases 
where the palatal ))rocc8ses fail to unite with each other and with tho mesial process, the 
cleft of tho palate is median ; wheiv one ]>alatal process unites with the mesial septum, the 
otJier failing to do so. the cleft in the palat. is unilateral. The right process is the one 
w'hich usiiall 3 ' joins, and the cleft is therefore on the loft side. In some cases where the 
palatal pro<:csses fail to inert in the middle, the elhmo-vomorine process grows down¬ 
wards into the (ileft and thus produces a liilatcral cleft.. Occasionally there may he a hole 
in the middle line of the hard pahile, the anterior part of the hard and the soft palate 
being perfeel, hut this is rare, because, as a rule, the union of the various processes 
progresses from before backwards, and there¬ 
fore the posterior part of tlie palate is more 
frequently defective than the anterior. 

I'lie bones of the faiic arc somid'mcs fraeturiid 
as the result of direct violcncic. 'I’he two most 
eomnionl.v broken are the nasal bone and tho 
mandil>l(>, and of these, the latter is by far the 
most freqiumtly fractured of all the bones of the 
face. Fratiture of the rutsal bone is for the most 
part transverse, ami takes jilaee about half iiii 
inch from the free margin. Tlie broken £)ortio!i 
may be displaced liack wards or moi'e generally 
to one side by tlie force wliieli produced tJie 
lesion, as tliere are no muscles here which can cause displacement. 'Hie malar bone 
is probably never broken alone—that is to say, without fractuic of some of the 
other bones of the face. The zi/gomafic arch is occa.sioria]ly fractured, and when this 
oci um from direct violence, as is usually the case, the fragments may be displaced 
inwards. Fractures o' the maxilla maj' vary much in degree, from the chipping off 
ot a portion of the alveolar arch, to an extensive comminutiou of the whole bone 
from severe violence, ns tlic kick of a horse. The most comratm situation for a 
fracture of the mandible is in the neighbourhood of t. "* canine tooth, as at this spot the 
bone is weakened by the deep socket for the fang of this tooth ; it is next most 
frequently fractured at the angle; then at the symphysis ; and finally the nock of the 
eendyle or the coroiioid process may be broken. (Iccasionally a double fnwilure may occur, 
one in either half of the bone. The fractures are usually compound, from laeeration of 
the mucous membrane covering the gun.^. The displacement is mainly the result of the 
same violence as produced the injury, but may Ih“ further increased by the action of the 
muscles passing from the neighbourhood ot the .symphj'sis to the hyoid bone. 

Tho maxilla and the mandible are frequently the seat of lU'crosis ; but the disease 
more often affects tlie lower than the upper jaw. It may be the result of fXiriostitis from 
tooth irritation, injury, or the action of some s^xicific iK)ison, as sy})hiliB, or from sali\ation 
by morcurv ; it sometimes o(!ours in children after »tip,ckH of the exanthematous fevers, 
and a special form occurs from the action of tho funioi»^f phosphorus in persons engaged in 
the manufacture of matches. In tho vast majority of cases, however, it is of dental origin. 

Tumours originate in the jaw-boiios not infrequer^ly. and may lie cither innocent or 
malignant. In the maxilla cysts may occur in the antrum ; or in cither jaw in connection 
with the tooth ; those connected with the roots of fully developed teelh are known as 
dental cysts ; those conneoted with uneruptod teeth, dentigerous cysts. Malignant 
tumours show a marked degree of malignancy when oocurring in the maxilla. 

The maxilla sometimes requires removal for tumours or other conditions. Tn order 
to remove it, the patient should be placed in tho recumbent position, in a good light, witli 


Fici. 347.— The pi-einaxilla and its 
sutures (after Albrcoht) 
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the head and shoulders just raised. The central incisor tooth on the affected side is then 
extracted. One incision is begun just below the inner canthus of the eye and passes 
along the side of the nose, round the ala, and down the middle line of the upi)er lip 
into the mouth. A 'second incision is made from the commencement of the first, 
along the lower border of the orbit as far as the prominence of the malar bone. The 
flaf> thus forjuTMl is it'Accted outwards, so as to expose the bone. The periosteum attached 
along the lower margin of the orbit is now to be incised, and with the handle of the scalpel 
the peiiosteum covering the floor of the orbit is to be raised from the bone; for in aU 
cases it is essential that this fibrous layer should not bo removed. The mouth is now widely 
opened with a gag, and the mucous membrane covering the hard palate incised down 
to the bone in the middle line, and the soft palate separate from the hard. Tlie surgeon 
now proceeds to divide the connections of the bone with the, other bones of the face, having 
first separated the ala of the* nose from its bony attachment. They arc (1) the junction 
with the malar bone, the line of .section being carried into the spheno-maxillary fissure ; 
(2) the frontal process of the maxilla ; a small portion of its upper extremity, connected 
with the nas.al bone in front, the lachrymal bone behind, and the frontal bone above, 
being left; (.1) the connection with opposite maxilla and with the i)alato bone in the 
roof of the mouth. The bone is now firmly grasped with lion-forcciw ; and by means 
of a rockins movement upwards and downw.ards, the remaining attachments of the 
orbital plate with the ethmoid, aiid of the back of the bone with the i)alatc, are broken 
through. Occasionally, in remi>ving tlic upjMT jaw. it will be found that the orbital jdate 
can be savcid, and this should always be clone, if possible. A horizontal saw-cut is to be 
made just below the infra-orbital foraimsn, and the bone cut through in this situation. 


THE EXTREMITIES 

Tin* <-xf reiiiiticK, or limbs, me long, jointed apjx'ndagc's of the body, each 
of which is conin'cled to the trunk by out' <“nd, mid is free in the re.st. of its 
extent. They iuv J'lnir in numht'r • mi or///ororiV yw/r, connected wit li 

the tliorajt mid snh.servient mainly to prehensioii ; and a lowrr ptiir, coimeeted 
with the vertebial coliimn, intended for sujijiorl and loeomotjon. Roth piuirs 
ol liniUs are constructed after one common typ«-, hut certain differenee.s aie 
oh.serv<‘d between the U])per and lower pairs, deix'iideiit on the ])eenliar ofiiees 
tlu\v have to perform. 

'I'lie hones by whh-li the ujipi'r and lower limbs are, attached to the trunk 
are named respectively the shoiihh'r and pelvic girdh,s. The. tihoaldvr ijirdle 
(cingulum extreinilatis superioris) is formed by the seapiilie and elavieles, 
and i,s ini[)erfe{ t in front and hehiiid. In front, how<-ver, it is completed by 
the ujiper I'lid of tlu' sternum, witli which tlie inner extremities of the elavielc.s 
articulate. Reliiiid. it is wididv imperh'cl, 1h<' scapula' being eonneeted to 
the (rimk by muscles only. 'Plu' prlcir ijirdlr (eiiigulum I'xtrcmitatis inh'rioris) 
is formi'd by Hie iimomiiiati' bones, which artieiilate witJi ('aeli otlwr in front, 
at the synipliysis pubis. 11 is imperfect behind, hut the gap is filled in by 
lli<’ upper part of the sacrum. Tlie pelvic, girdh' therefore prt'sonts. with Ihr 
sacrum, a eoiiijih'le ring, massive and eomjiarativi'ly rigid, in marked contrast 
to the lightness and iiiobilitv of the shoulder girdle. 


RONES OE THE UPPER EXTRE.MIl’Y 
■ 'I'llH C'l.AVICLK 

The Clavicle (clavieula). or collar-hone (figs. JUS and 349), forms the 
anterior portion of the shoulder girdle. It is a long hone, curved somewhat 
like Hw, italic letter ./', and placed nearly horizotilally at tlie upper and anterior 
part of the thorax, immediately above the first I'ib. It artieulates by its inner 
extremity with the upi»er end of the sternum, and by its outer w'itli the 
aeronnon proiess of the scapula.* It presents a duulile eurvature, the 
convexity being directed fonvards at tlie sternal end, and ilio eoueavity at 
tire scapular en<J. Its out<*r third is flattened from above dovvnw ards, M'hilst its 

*■ * The cluiicle acts especially as a tulerutn to enable the muscles to give ]af.eral motion to 

the arm. Tt is acconlingly ab.sont in those animals whose forc-limhs are used only for 
progre.shion, but is present for the most (lart in animals whose anterior extremities are 
clawed and used for prehension, though in some of them—as, for instance, in a large numlier 
of the carnivora—it is meri'l.v.a rudimentary hone suspended aniong the muscles, and not 
articulating with either the scapula or sternum. 
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inner portion, consisting of the inner two-thirds, of a rounded or prismatic 
form. 

TJie outer third presents two surfaces, an upper and .a lower; and two 
bortlers, an anterior and a posterior. The is flat, rough, and 

marked by impressions for the attachments of tlie D^toid iu front, and the 
Trapezi us' btfh ind ; betofien.iJjiea^ i marc^ssipiis a snl all |>dftTo n of the boTi e 
The^^er mr/aqe is flaC AT7 !s" borflf^^, alittle 

oxtemal to the point wliei'e' file prismatic joins with the flattened portion, is 
a rough eminence, the emmd tidjcrdeV \\m, in tJie natural position of the bone, 

Ft(3. 348. —Left clavicle. Sui)erioi’ sui'facc. 



surmoiinls tlic. corjicoid juocess of Uit^ sctipula, ami tnvys to the 

conoid ligameui. From this tubcrc h* fp] thL' ohliauv or trapezoid 

ridgr, jiasscs foi wards and iMmiaiclsTand affords a^chnicnt 1 «> the Inipezbid 
ligjuTicnt. The untnior border is concave, lliin, and rough, aniTgivcs atSS- 
meWt fb the Deltoid ; it frequently presents, at, i^ss ioiier |)aji,^ a tubercle , J^e 
deltoid luhrrrir. The posterior border is convex, rough, thicker 1 harniVe anterior, 
fuift t jives attiuiiiiuMit (o Jlu; Trapezius. 

'liie inner two-Otlrds consliTule the ])rismalic jiortion of the bone, which 
is curved so as to be conv»'.v in front, eoimave behind, and is marked liy tJirce 


borders. so|)ani1ing tlirta* surfaces. The mtivrior hmi er is continuous witli 
1 lH;^^<uitcrior margin of the flat ]K)iti7)n.' ffs Tuiler' pofnd'l’t' WWlH'I^fTflS 


Fro. 34!>. -Dil liavidc. Inferior surfai-e. 

hffti 'trill 



<;orresponds to the interval between tlie attachment of the P^ipturalis major 
inner part forms_.tlie lower boundary of an el.liptiiiai 
sparre for _tne_attacnnient _ot tne clavicular tiortion of the Tree jojuliani^orj 


7 ina app roacilies tlie iiosieribr bor^cr~b? "tlie boTTcT Js 

l iontmuou s' with the posterio r niaruin of the flat ])or\ioi^‘and separates the 
aUterior’^Trom the posterior surface. Smooth and roilpded externally, it 
becomes rough towards the inner third for the attachment of the Stemo- 
ma stoid, and terminates at the upper angle of the sternal extremity.' '"The 
-©c. ,iiiib(ddvian^, border separates the posterior fixim the inferior 
surface, an d exte nds f rom the conoid tubercle to the rhomboid im pression ; 
it forms t 
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Thfi afde.rior surface, ia included between the superior and anterior borders. Its 
outer part looks upwards, and is continuous with the superior surface of the 
flattened portion { it IP H|nnnt]:i t-nnya-g. and nearl^v ^subcutanaous, binns 
' ’ by .. the 







“elffiScfSle, a Yoram^ 




t o [mrrsr tKe St'orno^ TO id; ^ 

oBlfau^y btrtWiMrdl','''wwc'h transmiis tne cmei nutnenx artery oi 'cne-ooira, 
Sometimes there are two foramina on tlie pbHterfoFsurfacc, oFoneoR’fTiiS^lf^TiiSl' 
and another on the inferior surface. The inferior or subclavian surface is 
bounded, in front, by the anterior border ; behind, by the subclavian border. 
It is narrow internally, but gradually increases in width externally, and is con¬ 
tinuous with the under surface of the flat portion. On its inner part is a broad 
rough surface, the rhomboid impression (tuberositas costalis), rather more than 
an inch in length, for the attachment of the costo-clavicular or rhorphoicl 
liganum t. 'J’he rest of this surface is occupied by Xgroove7lBt6h'3''an 
exteiTiaily, narrow and more uneven internally, which gives attachment to the 
Subclavius the c^sto- cor^coid memhjFann, which splits to enclose tJie muscle, 
itt^SfiSeyiea to The mafgilis oTItlfe groove. Not infrequently this groove, is 
subdivided longitudinally by a line which gives attachment to the intermuscular 
septum of the Subclavius. 

, The inner or sternal extremity (oxtremitas sternalis) of the clavicJe is 
triangular in form, directed inwards, and a little downwards and forwards; it 
presents an articular facet, concave from before backwards, (sonvex from above 
downwards, vvlnc:h articulate.s with the manubrium sterni through the inter¬ 
vention of an int<M-articular fibro-cartilage. The lower part of tlic facet is 
carried outw^ards on the inferior surface of the bone as a small semi-oval area 


which articulates with the cartilage of the first rib. 'I’hc cii’cumfertuice of 
the a rticular surface is rough, for the attachment of numerous ligaments; the 
upper angle gives attachmenfto the interartieular fibro-cartilage. 

The outer oi’ acromial extremity (extremitas aeromialis), directed outw'ards 
and forw'ards, presents a small, flattened, oval facet (facies articularis acromialis) 
which looks obliquely downw'ards, for articulation with the acromion process of 
the scapula. Tlie circumference of the articular facet is rough, especially above, 
for the attachment of the acromip-clavicular ligaments. 

In tlie female, the cla^cle is generally shorter, thinner, less curved, 
and smoother than in the male. In those* persons who perform considerable 
manual labour it becomes thicker and more curved, and its ridges for 
muscular attaeliment are prominently markid. 

Structure.—The clavicde consists of cancellous tissue, invested in a compact 
Inver, which is much thicker in the middle than at the extremities of the. bone. 

Ossificatioii.—The clavicle begins t«> •)ssify before any other bone in the body; 
it ia ossUu'd from two l entres--viz. a primarj* eenfre lor the shaft and outer end, 
which appears during the fifth or sixtli w'eck of foetal lile, and a secondary centre 
for th'i sternal end, whicli makes its appearance about the eighteenth tn twentieth 
year, and unites with the rest of the hone about the twenty-tifth veav. 


Surface i'onn. --’riu* < luviele can be felt tlirouglunit its uutire length. At the inner 
end, the enlarged sternal extremity, where the bone projeets above the upper margin of 
the stpmum, can txj felt, forming with the sternum and the loundod teinUm of the Slerno- 
mastuid a v-shaped noixsh. the presternal notch. Passing outwards, the shaft of ih^. 
can be defined immwliatcly tinder the skin, with its ooiivcxity forwards in tin; i/m,.,. t 

thirds; the surface ispartiallyobscuredaboveandhelow by the attachnioritMif p ,. iji 

mastoid and Pectoralis major. In the outer third it is concave forwards, ami t,'., 
externahy *h ft sopxewhat on^rged extremity which articulates with the arroiiK,, 
of the Bca|bflo» The direction of the clavicle is almost, if not quite, horizontal' 
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arm is lying quietly by the side, though in well-developed subjeots it may inoline^k^^lltie 
upwards at its outer end. Its dheotion, however, varies iinth the varying moveiniints_ of 
the shoulder-joint. The clavicle inclmes l^okwards, so that its outer or acromial extrenuW 
is on a plane posterior to its sternal end. This causes the shoulder t</be throvm backwards 
awav from the thorax. 

Applied Anally.—The clavicle is very frequently fractured. This is due to the 
fact that it ia much exposed to violence, and is the only bony connection between the 
upper limb and the trunk, acting as a buttress to keep the point of the shoulder 
away from the thorax. It is, moreover, slender, and is very supei’ficial. It may be 
broken by direct or indirect violence. The most common cause is, however, indirect 
violence, as the result of force applied to the hand or shoulder, and the bone then gives 
way at the junction of its outer with its inner two-thirds, that is to say, at the junction 
of the two curves, for this is its weakest part. The fracture is generally oblique, and the 
displacement of the outer fragment is downwards, forwards, and inwards. The deformity 
is mainly due to the weight of the arm acting upon the fragment when the buttress-like 
action of the bone is gone, assisted by the muscles which pass from tlie thorax to the upper 
extremity. The itmer fragment, as a rule, is little displaced. Beneath the bone the main 
vessels of the upper limb and the groat ncrvo-cords of the brachial plexus lie on the first 
rib and are liable to be wounded in frarjture, espetnally in fracture from direct violence, 
when the force of the blow drives the broken ends inwards. Fortunately the Subclavius 
intervenes between these stractures and the clavicle, and often protects them from injury. 

T1i( 3 clavicle is occasionally the seat of sarenmatous tumoui><, rendering the operation of 
excision of tho entire bone necessary. This is an operation of considerable difficulty and 
danger. It is best performed by exposing the bone freely, disarticulating at the acromial 
end, and turning it inw'ards. The removal of the outer part is comparatively easy, 
but resection of the iiuier part is fraught with difficulty, tlio main danger being the risk 
of woimding the great veins which are in relation with its under surface. 

Great deformity of the clavicle may bo mot with in rickets, the natural curvatures, of 
the bone being <!xaggorated until it takes on an S-shape. 


The Sc4pui.\ 

Tlio Scapula or shoulder blade forms tlie posterior part of tlie shoulcjer 
girdle. It is a flat, triangular bone, and presents for examination two surfaces, 
three borders, and three angles. ' “ 

The vmiral surface (facies cos.talis) (fig. .350) presents a broad eonciavity, 
the fossa subseapularia. The inner two-thirds of the fossa are marked by 
several oblique ridges, which arc diveetod outwards and upwards ; tlie outer 
third i.s smooth. The oblique ridges give attachment to the tendinous inter¬ 
sections, and the surfacics between them to the fleshy fibres, of the Subsoapularis. 
Tha.outer third of tJie fossa is covered,b)' the fibres of this muscle. The spb-,^' 
scapular fossa is separated from tlie i nte rnal border by smooth triangular areas; 7 
at the superior and inferior angles, and in the interval between these by'n 
narrow ridge often deficient. These triangular aresas and the intervening 

ridge affprd ai t^^H^nt to the Seiratus luagwis. The subscapular fossa presents 
a transverse de}^Hnon at its upper part, where the bone appears to be bent on 
itself along a lii^at right angles to and jiassing through tlie centre of the 
glenoid cayity, forming a considerable angle, called the stibsm^lar artijlc .; this 
^vea 'greater strength to the body of the bone by its arched form, w hile t jie 
aummit of the arch serves to support the spine and acromion process’. 

The dorsal surface, (facies dorsalis) (fig. 351) is arched from above down¬ 
wards, and is alternately concave and convex from side to side. It is subdivided 
uuequidly into two parts by tho sjdne ; the portion above the spine is called 
the supraspinous fossa, and that below it the Mraspinous fossa. 

The suprasjnnous fossa (fossa supraspinaTa), the smaller of the two, is 
concave, smooth, and broader at the vertebral than at the humeral extremity. 
lt.%5ords attachment by its inner two-thir<hs to the Supraspinatus. 

The infraspinous fossa (fossa infraspiriata) is much larger than the pre¬ 
ceding ; towards its vertebral margin a shallow concavity is seen at its upper 

E art; its centre presents a prominent convexity, while near the axiUary 
order is a deep groove whicli runs from the upper towards the lower part. 
J^ner two-thmls of the fossa affords attachment to the Infraspinatus ; 
th<‘. outer third is covered by this 'muscle. 

jk The dorsal surface is marked near the axillary border by an elevated^ 
Kdge, which funs from the "lower part of the glenoid cavity, downwards and" 
l^ckwards to the vertebial border, about an inch above the inferior angle. 

* ■ . 17 




290 ' OSTEOLOGY 

.■ . A - 

^0 ridge -servea for tln>..atta.cluneiit.i:>f fa ^|ong aponewosiflV which separate3 
tnOafraepinatus from the two Teres mus^s. The suirfioe of bone between 
the ridge and tlie, axillary border is narrow in the upper two-thirds of its 
extent, and is crossed near its centre by a groove for the passage of the 
doraglis scapulae yesgels.; it affords attachment to the Teres minor. Its lower 
"'fKlra'pfeseiits a broader, somewhat triangular surface, which gives origin to 
the Teres major, and over which the Latissimus dorsi, glides ; frequently the 

Fia. 350 .—Left scapula. Anterior surface. 

• Ciyraco-ncriimitil 

ligmnent 



latter muscle takes origin by a few fibres from tliis part. The,^ broad and, 
narrow portions of bone above alluded to are separated by an ^oblique lin^ 
wliich runs from the axillary border, downwards and backwards, to meet'tho 
elevated ridge: to it is attached the aponeurosis which separates the Teres 
nvuscles from each other. 

The spine, (spina scapulae) is a prominent plate of bone, which crosses 
obliquely the inner four-fifths of the dorsal surface of the scapula at its upper 
part, and separates the supra- from the infra-spinous fossa. It begins at the 
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verlobial bolder by a Hraootb, triangular area oya® ydiicb the tendon of 
inseition of the lower pait of the Trapezius glides, and, gradually becoming 
more elevated as it passes outwards, ends in the aeromion process, which over¬ 
hangs the shoulder-joint. The spine is triangular, and flattened from above 
doiinwaids, its apex being directed inwards, its base outwards It presents 
two suifaei's and three borders. Its superior st^rface is concave, it assists in 

t’lQ. :151—Lett scapula. Postciiot suitacc. 

( oinco huwiiiif 

hqanimt ( onun (UKtwinf h(/(nnnif 



foinung the supraspmous fossa, and affords attachment to part of the 
Supiaspmatus. Its inferior surfacelormi, part of the infraspinousfossa, gives 
oTigin to a poition of the Infraspinatus, and piesents near its centie the orifice 
ijf^ a ^nutrient canal. Of the thiee borders, the anterior is attached to the' 
dorsurtf'of the bone ; the posterior^ or crest of the spine, is broad, and presents 
tw o lips and an mtervemng rough interval. The Trapezius is attached to the 

V 2 
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Buperior lip, and ^a ^ pugli tubercle is generally seen on that portion of the spne 
which receives the tendon of insertion of thelowor part of this iruisele. The 
Deltoid is attached to the whole length of tlio inferior fii). The interval between 
the lips is subeutiuicous and partly covered by the Icmdinous fibres of those 
muscles. TJio (’.xtcnml border, or base, the shortest of the three, is slightly 
concave ; its <Klge, thick and round, is continuous above with the under surf>u:c 
of tlie acromion process, below with the neck of the scapula. It forms the 
niuor boundary of a notch, the (/rt'at scapular imtch, which serves to connect 
the supra- and infra-spinous fossa.*. 

The acromion process (acromion) forms the summit of the shoulder, and is 
a large, somewhat triangular or oblong process, flattened from behind forwards, 
directed at first a little outwards, and then curving forwards and ^upwards, 
so as to overhang the glenoid cavity. Its upper surface, directed upwards, 
backwards, and outwards, is convex, rough, and gives attachment to some fibres 
of the Deltoid, and in the rest of its (*xt(!nt is subcutaneous. Its under surface 
is smooth and concave. : outer border is thi(!k and irregular, andpresents 

tiiree pj- four tub(*rcles for the'tendinous origins of the utijiiUM?], Its 

inner border, shorter than the outcj*, is concave, gives attachment to a portion 
ot the Trapezius, and presents about its centre a small, oval surface (facies 
arlicufarM acromii) for articulatiygL, w^y*, ,the. acromial end of the clavicle. 
Its apex, which correspbhdsTiTtlie point of meeting of these two borders in 
front, is thin, and has attached to it the poia,Go-a.crg mi.aj., |iga i ncnt. 

Of the three borders ol the so.apula, th^ superior (margo Superior) is the 
shortest and thinnest ; it is conc^e, and (ixttmds from the superior angh; to 
the base of the coracoid ])roce8s. At its outtn* part is a deep, semicircular 
notch, the su/)rascapular notch (incisura scapula*), formed partly" by the base 
of tile coracoid process. This notch is converted into a foramen by the 
transverse ligament, and serves foi* the passage of the suprascajiular nerve; 
;som<'timcs the ligament is ossified. The adjacent margin ot the superior border 
affords .^ttachnjLtJlit to the Omo-hyqid. The external ov axillary border'(mnrgn 
axillaris) is the thickest of the three.' It begins abov*c at the lower margin of 


th(' glenoid cavitj*, and inclines obliquely downwards and backwards to the 
inferior angle. Immediately below the glenoid cavity is a rough impression, 
infremle noi d tubercle (tuberositas infraglonoidalis) aboyit ^n inch in length, 
winch affords attachment to the long head of the IVicnns "front of this is a 


Ion git udinal groove, which extend as“rai-*as 







S] 
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inrbmboideus niinof oh The edge orfriaTli67f!aStrmi"^ RhoM „ 
mA iQr!T ^^i1s"^i?rik'iftta^ia''ti'y^ffl'M^ arcliT^ttfffiict^ aUdve to 

fRemu'cv ])art. of the triangular surface at the base of the s})ine, and below 
to the lower part of the border. 

Of the thri-e angles,'A\u' s?/pmor/angulus medialis), formed by the junction 
of the suiierior and internal bordtsrs, is thin, smooth, rounded, inclined some¬ 
what outw'ards, and gft'cs attachment to a feiv fibres of the Levator anguli 
scapula*. The inferior'an^le\mig\i\m inferior), thick and rough, is formed by 
the union of the vertebral and axillary borders, its outer surface affording 
attachmmit to the Teres major and frequently to a few fibres of the Latissimus 
dorsi. The external angle (angulns lateralis) is the thickest part of the bone, 
and forms vdiat is called the bead of the scapula. The Acad presents a shallow,. 
]>3'Tiform, articular surface, the glenoid cavity (cavitas glenoidalis), directed 
outw'ards and forwards. It is broader below than above and its vertical diameter 
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(tuberositas supraglcnoidalis), 

attached '." The surface is cover^^witlWBriilago in the recenx staxe ; arm its 
slightly raised, give attach'Uiont to a fibro-cartilagiftous structure, the 
glenoid, ligament, which deepens the cavity. The neck ot the scapula (colluiu 
scSi^tiTfef'irtTie’slightly depressed surface which surrounds the head; it is more 
distinct bclxind where it forms part of the^reat scapular nolch^ than in front, 
and below ‘than above. 


The coracoid process (processus coracoideus) is a thick curved process 
attaclictl by a broad base to the upper part of the neck ot the scapula ; yt is 
directed at first upwards and inwards ; then, becoming smaller, it changes^Js” 
direction, and passes forwards anti outwards. v^TJic ascending portion, flatten^ 
from before backwards,' presents in front a smooth concave surface, over 
which the S ubpcaoylaris nap eeu. ^Hie horizontal portion is flattened from above 
downwardsT^’its uppcFsiimw is convex and Irreguhar, and gives attachment 


I’lG. 


352.—Plan of ossiHuatioii of the scapulii. 


I'Voin seven centres. 
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Ossification (fig. 352).—The scapula is ossified from seven or more centres: 
one for the body, two for the coracoid process, two for the acromion, one for the 
vertebral border, afid one for the inferior angle. 

Ossification of the body begins about the second month of foetal life, by the 
formation of an irregular quadrilateral plate of bone, immediately behind the 
gloioid cavity. This plate extends so as to form the chief part of the bone, the 
spine growing up from its posterior surface about the third month. At birth, a 
large part of the scapula is osseous, but the glenoid cavity, the coracoid and 
acromion processes, the posterior border, and inferior angle are cartilaginous. 
From the fifteenth to the eighteenth month after birth, ossification takes place 
in the middle of the coracoid process, which as a rule becomes joined with the .rest 
of the bone about the fifteenth year. Between the fourteenth and twentieth 
years, ossification of the remaining })art8 takes place in quick succession, and 
usually in the following order ; first, in the root of the coracoid process, in the 
form of a broad scale ; secondly, neai- the base of the acromion process ; thirdly, 
in (he inferior anghs and contiguous part of the posterior border ; fourthly, near 
the extremity of the acromion ; fifthly, in the posterior border. The bjise of 
the acromion ])rocess is formed by an outward extension of the spine; the two 
separate nuclei of the pnw.ess unite, and then join with the extension from the 
spine. The u})per third of the glenoid cavity is ossified from a separate centre 
(subcoracoid), which makes its appearance between the tenth and eleventh years 
and joii\s bctweeji sixtc'cn and <‘ighteen. Further, an epiphysial plate appears 
for t he low cr part ol the glenoid cavity, while the tip of the coracoid process 
frequently presents a sejtarate nucleus. These various epiphyses are joined to 
the bone by the twenty-fifth year. Failure ol bony union betw'ecn the aci'oniion 
process and spine sonu'tinu's occurs, the junction being effected by fibr(*us tissue, 
or by an imperfect articulation ; in some cases ol supposed fracture! of the 
acromion with ligamentous miion, it is })robable that the detached segment was 
never united to the rest <if the bone. 

Articulations. —The scapula articulates with the humerus and clavicle. 

Surface Form. —The only parts of the scapula which are truly subcutaneous arc the 
H{iine and acromion process, but, in addition to those, tljo eorae,oid process, the vertebral 
border and inferior angle, and. to a less extent, the axillary border, maj' be defined. Tln‘ 
acromion pr<K-ess and spine are I'usily felt throughout their entire length, forming, with 
the clavicle, tin* arch of the shoulder. The aeromitm eim bo ascertained to be euuncctcd 
to the clavicle at the aeromio-c’lavieular joint by nmning (be finger along it, the j)osition 
of the joint being often indicated by an irregularity or l)ony outgrowth from tlic (jlavielc 
close to the joint. 'I'lie acromion can be felt forming the point of the .shoulder, and from 
this Can be traced backwards to (he sjune. The ]>lace of junction is denoted by a 
prominence, whieli is sometimes called the acromial angle. The K}>iiio can be felt as a 
distinct ridge, marked on tlic surface as an obliiiuu dei>iession, which be-eomes k'ss and 
less distinct and .ends a little external to the spinous processes t)f the vertc'brjc. Its 
termination is indicated by a slight dimple in the skin, on a level with the interval 
between the third and fourth thoracic spines. Jtelow this point the vertebral lH)rder of 
the scapula nuiy be traced, running downwards and outwards to the inforiof' angle of 
the lM>ne, which can Iw recognised, although covered by the Latissimus dorsi. From 
this angle the axillary border can usually be traced through its thick muscular covering, 
forming, with the muscles, the j)ostcrior fold of the axilla. The' coracoid process may 
be felt about an incli lielow the junction of tlie middle and outer third of the clavicle. It 
is covered by the anterior border of tlic Deltoid, and lies a little to the outer side 
of a slight depression, eoiTes])onding to the interval between the Pectoralis major 
and Deltoid. When the arm is hanging by the side, the upjier angle of the scapula 
corresponds to the upjicr border of the second rib or the interval between the first and 
second thoracic spines, the inferior angle to the upper border of the eighth rib or the 
interval bot\v«!en the seventh and eighth thoracic spines. 

Applied Anutomi /.—^Fractures of the body of the scaimla are rare, owing to the mobility 
of the bone, (he thick layer of muscles by which it is encased, and the elasticity of the 
ribs on which it rersts. Vrseture of the neiik is also uncommon Tho most frequent 
course of the fraiiture is from the suprascapular notch to the infraglonoid tubercle, and 
it derives its principal interest from its simulation of a subglenoid dislocation of the 
humerus. The diagnosis can lie made by noting tho alteration in the position of the 
coracoid process. The acromion process is more frequently broken than any other part 
of the bone, and fibrous union is very liable to occur in this situation. 

The presence of ‘ winged scapulse ’ (scapulas alafas) described in thin persons of feeble 
muscular development in whom tho lower angles' of the blade-bones project unduly, is 
duo partly to abnormal romidness of the thoracic wall (‘ barrel-shaped chest,’ jiage 213), 
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and partly to weakness and flaccidity of the Latissimus dorsi and Serratus maguus. 
The shoulders are hold low in these subjects, and the clavicles slope downw’ards and 
forwards, carrying with them the scapula?, which fit ill to the posterior wall of the chest 
and so tend to project from it. 

Tumours of various kinds grow from the scapula. Of the innocent form probably 
the osteomata arc the most common. When an osteoma grows from the venter of the 
scapula, as it sometimes does, it is of the compact variety, sucli as usually grows from 
membrane-formed bon(‘S, as the bones of the skull. Sarcomatous tumours sometimes 
grow from the scapula, and may necessitate removal of the bone, with or without 
amputation of the upper limb. The bone may be excised by a T-shaped incision, and the 
flaps being reflected, the removal is commenced from the posterior or v'crtebral border, so 
that the sulwcapular vessels which lie along the axillary border are amongst the last 
structures divided, and can be at once secured. 


Tub Hu.MK'tus 

'I'Ik! H umerus (fig«. 353 luid 354) is the longest and largest bone of the 
upper cxtr^lty ; it presents for examination a shaft and t'wo extremities. 

U’he upper extremity consists of a large rounded head joined to the 
sliaft hy a constricted portion called the neck, and two eininetices, the greater 
and h um r tuhrusities. '• i, ' 

The head (caput liumm-i), lu'arly he nisplicrical ia form.* is directed 
upwards, inwards, and a littli; biuikwards, aiid articulates with (lie glenoid 
cavity of the scapula. 'Piic circumference of its articular surface is slightK 
constricted, and is termed the anatomirol neck, in contradistinction to the 
cuaslriction which exists below the tuberosities. 'J’he latter is called the 
surgical neck (coUum cliirurgiciim), since it i.s frequently (be .seat of fracture. 
Fracture of the anatomical neck docs sometimes, thoiigli i-arely, occur. 

The anatomical mrk (collum aiiatomicum) is obliquely directed, forming an 
obtus(‘ angle with the shaft. It is most distinctly marked in th<“ loner half of 
its circumference ; in the upixu* half it is reprc.sented by a narrow groove 
.separating the head from the t uberosities. Its circumferencti affords at t aehment 
to tile capsuhir ligament, and is [lerforated by numerous vascular foraminir. v 

The greater tuberosity (tidx'rculuiii majus) is situated on the outer side 
of the head and lesser tuberosity. Its upper surface is rounded and marked 
by three flat impressions, separated by two slight ridges : the highi'st impres¬ 
sion give.s inserixon to tho Supraspinal us ; the middle to the Infraspinatus ; 
the lowest one, and the shaft of the bone below i(,;‘,fo the Teres minor. The 
outer surface of the greater tuberosity is convex, rough, opuliuuous with 
the outer surface of the shaft. , V ’ “ ' •*- 

The lesser tuberosity (tubereulum minus), although .smaller, is more 
|)fominent than the greater: it is situated in front, and is directed inwards 
and forwards. Above and in front it presents an impression for the insertion 
if the tendon of the Subseajnilaris. 

The tuberosities aio separated from each other by a deep groove, ihsddm'pUal 
(sulcus intcrtubcreularis) which lodges the long teiidon of th<‘ Bic^s, 
trfarllffeTITirT E^ anterior circumflex artery to the sliouldlw^jouxt. 
Ifire’gliVs'ab'oveljietween tFe tTvb rubero.s^^ runs obliquely dowhw'.wls and a 
little inwards, and ends jiear the junction of the iip))er with the middle third 
of the bone. In tho recent state its upper part is etivered with a thin layer of 
eartiUige, lined by a prolongation of tlie synovial membrane of the shoulder- 
|qihf;‘ttS'Tower portion gives ini 4 Bttii,Qjft,to the teudoft of tlm Latiasiinui^ dpjrsj. It 
IS deep and narrow’ aboVe, and bceoiues shallow and a little broader as it descends. 
Its lijis are called, respeetive?y, the anterior and posterior bicipital ridges (eristae 
tuhe.rculi majoris et minoris), and form the upper parts of (he anterior and 
internal borders of the Shaft of the bone. 

The shaft (corpus humeri) is almost cylindrical in the upper half of its 
extent, prismatic and flattened below, and presents three borders and three 
surfaces for examination. 

* Though the bead is nearly hemispherical in form, its margin, as Humphry has shown, is 
by no means a true circle. Its greatest diameter is, from the top of tlie bicipital groove in 
a dircctioii downwards, inwards, and backwards. Hcncc it follows that the greatest elevation 
of the arm can be obtained by rolling tbe articular surface in tbis direction—that is to say, 
obliquely upwards, outwards, and forwards. 
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Fio. 353.—Left homerus. Anterior view. 

CnpBuhtr ligament 
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The anterior border (margo an¬ 
terior) runs from the front of the 
greater tuberosity above to the 
coronoid fossa below, separatingthe 
internal from the external surface. 
Its upper part is very prominent 
Mild rough, and forms the outer lip 
of t he bicipital groove ; it is some- 
limca called the anterior bicipital or 
pectoral rid(je, and serves for the 
Ibo tendon of the 
rectoralis major. Abou t its cent re jt 
fStek the anterior bdiTruIary of Tin- 
rough ftelt oid impression ; below, 
it IS sinoolTT' and rounded, alTord- 
ing attachment to the Braeliinlis 
nnticiis. 

' The external border (rnargo 
lateralis) runs from the back part 
of the greater tuberosity to the 
bxtiunal epicondyh', and so^iaratevs 
tlu' external from the posterior 
surfaei*. Its upper half Js rounded 
juid indislihctly marked, ajifisiug 
tor tlio attachment of the lower 
part C)f""tluriTWdyti?ur‘Ty"{1ie*T^es 
itTlTRTTT and IWlOrtlllST’^TiTrffTingiii 
-nrtTO' external head of tlu (Triceps 
luuseic; its ecuitre is travei'sed by 
a broad, but shallow oblique de¬ 
pression, the tmiscvln-npiral groove 
tsulcus radialis). Its l((Wer part 
forms a jiromiuont, rough margin, 
a little curved from behind for¬ 
wards. the external suprac gvd glar 
ridrjfi, which presents’ an anterioi- 
lip for the origin of the Braehio- 
Tjidialis alx)V(‘, and"Extensor, carpi 
rj^ljalis loiigior bc'lfm. a posterior 
Up-for. the Trieeps, and an inter¬ 
mediate spa(;e foi’ the attachment 
of tlic external iiitermuseulai* 
-.ept um. 

The internal border (margo 
medialis) extends from the lesser 
tuberosity to the internal epicon- 
dyle. Its upper third consists of 
a prominent ridge, the posterior 
b icipital ridgn. wtpeh give s insertion 
to the tendon of the^w«B itifliTn'. 
:2Vtaucuit its centre is a slight mi- 
pression for , j^jm in.sertion of the 

just below 

this is the entrance of the nutrient 
canal, directed downwards; some¬ 
times therb is a second nutrient 
canal situated at the commence¬ 
ment of the musoulo-spiral groove. 
The inferior third of this border 
is raised into a slight ridge, the 
internal supraccmdylar ridge, which 
becomes very prominent below ; it 
presents an anteiior lip for the 


I'lO. 364.—Left humenin. 
Posterior view. 
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origins of the Brafftiinlis ^.ntir.ns and Pronalor teres, a ngsterior lip |oc-the 
he^ bi the Tn^ceipai^n^ an”^^ for i^e aTfacnment of 

the in^efiiaTffflti'rmiisciilar septum. 

The external surface (faeies anttTior lateralis) is directed outwards abov’^e, 
where it is smooth, rounded, and covered by the Deltoid; forwards and outwards 
below, where it is slightly concave from above downwards, and gives origin to 
part of the Bracliiolis anticus muscle. About the middle of this surface is a 
rough, triangular elevation (tuberositas deltoidea) for the insertion of the 
Deltoid; below this is the mmculo-sjtiral groove, directed obliquely from behind, 
forwards, and downwards, and transmitting the musculo-spiral nerve and 
superior profunda artery. 

Tlie internal surface (facies anterior medialis), less extensive than the external, 
is directed inwards above, forwards and inwards below; its upper part is narrow, 
and forms tJie floor of the bicipital groove which gives insertion to the tendon 
of the Latissimus dorsi; its middh^ part is slightly rough for the attachnicut of 
some ot the fibres of tJie tendon of insertion of llie Owaco-bj'achialis ; its 
lower jJart is smooth, concave from abo\e downwards, and gives origin to 
the Brachiitlis anticus.* 

The fxtsterior surface (faci<vs ])ostcrior) apjx'ars somewhat twisted, so that 
its upper part is directed a little inwards, its lower part backwards and a 
little outwards. Nearly the ^^•holo of tliis surface is covered by llie external 
and internal heads of the ']’ricc])s, the former arising from its upper and outer 
part, the latter from its inner and back jiart, the two heads being sc])arate<l 
by the musculospiral groove. 

T’lie lower extremity is flattened fi’om before backwards, and curved 
slightly forwards ; it terminates below ijr a broad, articular surface, which is 
divided into two parts by a slight ridge. Projecting on either side art* the 
external and internal ('picondylcs. The articular surface extends a little lower 
than the (q)icondyles, and is curved .slightly forwards; its greatest breadth is 
in .the traus\ers(“ diameter, and it is obliquely directed, so that its inner 
extremity occupies a lowei* level than the outer. The outer portion of the 
.articular surface jire-scrits a smooth, roumh'd eminence, n.amed the capitcllum,. 
or radial head of the humerus (ca]>ituluin humeri) ; it articulates with the eup- 
shajted d«‘pression on the head of the radius, and is limited t<3 the front and 
lower part of the bone. On the inner side of this eminence is a shallow groove, 
in which is received the iim<'r margin of the head of the radius. Above the 
front part of the caititellura is a slight depression, the fossa rpslia lis, which 
reggmj^he anterigr^bprtij;i:j,jj[ tjie head.of the r^us, when the fo rearjit'is 
flexed. The Inner portion of the art icular suidace, tlie troc)dea humeri, presents 
a deep de])re.ssion betw e<m two w'ell-marked bordej’s. The trochlea is convex 
from before backwards, concave from side to side, and occupies the anterior, 
lower, and posterior parts of the extremity. The external border, less pro¬ 
minent than the internal, separates it from the groove which articulates with 
the margin of the head of the radius. 'J’he internal border is thicker, of 
greater length, and consequiuilly more prominent, than the external. The 
groo ved. portion of the articular surface fits accurately within the greatOr 
sigmoid cavity of the ulna ; it is broader and deeper on the posterior than on 
the anterior aspect of the bone, and is inclined obliquely from behind forw'ards, 
and from without inwards. Above the front part of tne trochlear surface is a 
small depression, the fossa coronoidea, which receives the eoronoid process of 
the ulna during flexion of the forearm. Above the back part of the trochlea 
is a deep ti iangular depression, tj p n/fif,TOw qw"7().ssff ffossa olecrani), in which 

* A Mii.'ill. Iiook-sliaiied j)ro('c.s.s (if bimo, tlir: ^lejrmcondylar varying: from Jg to of 

an ineli in Jeniffh, is not infroquciitly found projeoting fi-oin the inner surface of (ihc sliaft of 
the liuinenis two inclui.s above tlu; iiitemal epicondyle. It is curved downwards, forwanls,and 
inw.'trds, and its ]><)iiii('(l exlreriiity is connected to the internal border, just alwve the inner 
epicondyle, by a lifranient oi fibrous band, whicli giv(.‘S origin to a portion of the Pronator 
tores; thiough the inch <;oinplet(‘d by this fibrous baud the median nerve and brachial 
arteiy pas.s, w’hen these struclnies deviate from their usual course. Sometimes the nerve alone 
i.s transmitted through i(, or llie nerve may be accomiianied by the ulnar artery, in cases of 
high division of the brachial. A well-marked groove is usually found behind tl)c process, in 
whicli th(' nex\'e and artery are lodged. This arcli is tiie homologue of the supracoudyloid foramen 
in many animals, and probably servi's in them to protect the nerve and artery from compression 
during the contraction of tlic muscles in this region. 
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the summit of the olecranon process is I’eceivod in extension of tlio forearm, 
me. which IS Homtjtimea pcrfuratgdJMUSfr 

Ij’ig. 355.— Longitudinal section 
of head of left liiimcnis. 


the m i^g a^rocMedr Idram ^: their 
margins attora aftte Hmont fo Seanterior 
aflU ptJHtUl'lUi iiuttlirSHtsdt llie Ox 
the lofiski Mb lUlfedTln iire“recoriFsla^ by 
the synovial membrane of this articula¬ 
tion. The rp?:cow//|yZp.fepicf)ndvbis 

lateralis) is a small, tubercular eminence, 
less prominent than the internal, curverl a 
litthi forwards, and givj pjj a t taidn nent to 
y^ejBilHBabMwNl ^gaj(ueAt.Qt.tjhe.'^^\^' 
loint^ and to a^ tonu^ *eo«HU£m. to .ih<‘ 
the E?:tcnsor and Supt 
n ator ' m uscles. The internal ^pi6omhjh- 
(epicoMylu^mcdialis), iargor, more promi¬ 
nent, and therefore more liable to fraeliin* 
than the ('xtornal, is directed a little back¬ 
wards ; it gives attachment to tlie itttamMil 
latcrai ligam<‘nt of the elbow-joint, to the 
Pronator teres, and to a tendon conimou 
to the origin of some of the Tlt'xoi’muscles 
of the forearm, ^hc ulnar nerveiriiut in 
a groove (siilcuB n. ulnaMS5'‘bu flieplIIcE'^ 
eI!iiduiitiVlijl| Tliefie ci ueonclv^s" 
arc' (fTrectl^ ■ cdiitmubifs above witJi tlu' 
external and internal sujmieondylarridgt's. 


KpiphijHinl Unr 



F[i.. 35 fi.—I’lari of ossilientionol (hcliuiiuMUS. 


Ilf lii ail mill 
ttihi’iotytlir'i hlritd 
11 11 li I/I in, iDiil iniiti'r 

inill hliii/t Ilf tirciiii 
i lh i/riir 


Unitri, xoilh shaft i S,'' 
at eighteenth year] ^ 



epiphysis, which fuses 
end of the humerus is 


... . 

Blend “rt 0-'' 
sii^r 


with the shaft 


Structure.—I’lie cxtremilics con¬ 
sist ol cancellous tissue, cov('Kii>d 
witli a thin, compact liiyo- (tig. 355) ; 
the shaft is coni])o.scd of a cylin¬ 
der ol compact tissue, thicker at 
the centre than towards the extremi¬ 
ties. and contains a largo medullary 
canal which extf'iids along its whole 
length. 

Ossification (fig. .356). — The 
luimenis is ossified from righl centres, 
one for ('ach of the following parts : 
the shaft, the head, tin' greater tuher- 
osity, the lesser tuberosity, the radial 
head, the trochlear portion of the 
articular surlace, and one lor each 
epicondylc. The centre for the shaft 
appears near the middle of the bone 
in the eighth week of fadal life, and 
soon extends towards the extremities. 
•At birth the humerus is ossified in 
nearly its whole length, only the 
extre.mities renniining cartilaginous. 
During tlie first year, sometimes helure 
birth, ossification coinmeuces in the 
head ol the bone, and during the 
third year the centre for the greater 
tuberosity, and during the fifth that 
tor the lesser tuberosity, make their 
appearance. By the sixtli year the 
centres lor the head and tuberosities 
have increased in size and become 
joined, so as to form a single large 
about the twentieth year. The lower 


ossified as follows. At the end of the second year 
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ossification begins in the capitellnm, and extends inwards, to form the chieff” 
part of the articular end of the bone, the centre for the inner part of the 
trochlea not appearing until about the age of twelve. Ossification commences in 
the internal epicondyle about the fifth year, and in the external about the 
thirteenth or fourteenth year. .4bout the sixteenth or seventeenth year, the 
outer epicondyle and both portions of the articulating surface, having already 
joined, unite with the shaft, and at the eighteenth year the inner epicondyle 
becomes joined to it. 

Articulations.—The humerus articulates with the scii])nla, aud with the ulna, 
and radius. 

Svr/nce Form .—'flic humerus ts almost ontiroly clothed by the mu.s(!]os wliieh surround 
it. and the only parts of the bone which are strictly Biilicutaneous are small portions of 
the iiiteriial and external cpicoiidyles. In addition to these, the tuberosities and a f>art of 
the head of llic bone can be felt under the skin and muscles by which they are covered. 
Of the.se the greater tnbero.sity forms the'“most prominent bony point of the siioulder. 
extending beyond (he acromion proee,s.s and covered by the Deltoid. It influences 
rnaforialh' flic surface form of the shoulder. Jt is best felt while tlio arm is lying loosely 
by (he sale ; if tJie arm be raised, it recedes frojii under (he tinger. Tlic lesser (uberosity, 
directed forwards and inwards, can be felt on (he inner side of the gK'ater tuberosity, just 
below tlie aeromio-elavicular joint. Bel ween (lu! two tuberosities lie.s the bieipital groove. 
'I'bis can be defined by making firm pressure with the finger, just internal lo (ho greater 
tul»TOsily ; on romting (he humerus, (be groove will bo felt to jMiss under the finger. 
With the arm abducted from the side the lo\\<w j)art of tlie head of the btme can be felt- 
by pressing deeffiy in the axill.a. On either side of the elbow-joint, and just above it, are 
(he inlcrnal and external ejncondyles. Of tliest! (he internal is the more prominent, but 
(he internal siipracondjdai ridge, passing upw.ards from it, is much less marked than the 
exterjial, and, as a rule, is not to Iw felt. Occasionally, however, the hook-shaped process 
nieiiiionod above is found on this border. The position of the external ei'icondvlc is (o 
be seen most [fiaiiily during seinitlexion of the forearm, and is indic.'j.ted by a depression 
Ix'tvveen the a( ta<‘hments of tin* adjacent mu.sf■lo^•. From it a strong bony ridge can lx- 
felt nmiiing up (ho outer border of (tie sh.aft of the bone. This is tho external supra¬ 
condylar ridge ; it is concave forwards, and corresponds with tin* curved dii'f'ction of the 
lower oxtix'inity of tlie humerus. 

.Ipfilied .Anatomy .—lliere are several petints of surgical interest conneeti'd with thi' 
ossification of tho humerus. The upper end, though the first (o ossify, is (he last to join 
the shaft, and the lerigtli of the bone is mainly due to growtli from the upper ('j)ipliysiiil 
line. Hence, in cases of amputation of the arm in young subjects, the humerus ccmtiniics 
to grow considerably, and the end of tho bone which immediafely after the operation 
■was covered with a thick cushion of soft tissue begins to project, thimiing the soft 
parts and rendering tho slump conical. 'J’his may ue,eessitatc tho removal of a couple 
of inches or so of the bone, and e-ven af^^r (his operation a recurrence of tins conical 
stump may take. i)la<.-e. ’Fho region of the upper epiphj’sis. mori'over, is (he common 
site for the growth of tumours, both innocent and malignant. 

I'hero airi several poinM of surgical interest in coiuiection with fractures of the 
humerus. The bone may bo broken by direct or indirect violence, like the other long 
bones, but, in addition to this, it is probably more frequently fractured by muscular 
act,ion than any other bone of this class. It is usually the shaft, just below tho insertion 
of the Deltoid, which is thus broken, and the accident has been known to haijpen from 
throwing a stone. Fractures of the up})er end may take place either through the 
anatomical or surgical neck, or a separation of tho greater tuberosity may occur. 
Fracture of the anutomioal neck is a very r.aro accident; in fact, it is doubted by 
some wiiether it over ttccurs. Fracture of the surgical neck of tho bone is not uncommon, 
and impaction may occur; on the other hand, tho upper end of the lower fragment may 
bo displaced into tho axilla and may damage the vessels or nerves. Tho fracture sopie- 
what closely simulates dislocation of the shoulder-joint, but can be distinguished by the 
fact that the head of tho bone remains in its normal position and tho great tuberosity 
still forms the most prominent point of the shoulder. Separation of tho upper epiphysis 
sometimes occurs in tlie young subjecl, and is {narked by a characteristic deformity, con¬ 
sisting in the presence of an abrupt projection at the front of the joint some short distance 
below the coracoid process, caused by tho upper end of the lower fragment. In fractures 
of the shaft of the humerus the lesion may take place at any point, but appears to be 
'more common in the lower than the upper part of tho bone. The points of interest in 
connection with these fractures are: (1) that the museulo-spiral nerve may bo injured 
as it lies in the groove on tho bone, or may become involved in the caUus which is 
subsequently thrown out; and (2) the frequency of non-union, which is believed to he 
more common in the humerus than in any other bone. An important distmetion to make 
in fractures of the low^er end is lietween those that involve the elbow-joint and those 
which do not; the former are always serious, as they may lead to impairment of Ae 
utility of the limb. They include the T-shaped fracture and oblique fractures which 
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involve the articalar eurfave. Those which do not involve the joint are the transverse 
fracture above the epicondyles, and the so-called ejatrochlear fracture, whore the tip 
of the internal epioondyie is brok^ off, generally from direct violence. 


Ttie Ulna 

The Ulrfa (%s. 358 and 359) is a long bone, prismatic in form, placed at the 
inner side of the forearm, parallel with the radius. IJgjjyBjjgjmtrcmi^ of groat 
thickness and Htrmigt.h. forms pait aihaw-.joint ; 

the bone diminishes in size from above downwards, its lower oxirmTCy 
being very small, and excluded from tlic wrist-joint by the interposition of an 
inlerartieular fibi*o-eartilage. It is divisible into a shaft and two extremities. 

The upper extremity (fig. 357), the strongest part of the bone, presents 
two curved processes, the olecranon process and the coronoid process ; and 
twft concave, articular cavitioS^'lff^W^fffApH Wsor 

The olecranon process (olecriSroHnraT^^^Sw^r^ttFvfa®emincnce, 
situated at the upper and back part of the ulna. It is bent forw ards at tlic 
summit so as to prescuit a prominent lip which is received into the olecranon 
fossa in extension of the forearm. l<s *1 joins the 


sMt; tliis is the narrowest pa rt 
upper ena ol thC 



Fm. .3f>7.—Upper extremity of left ulna. 
Outer aspect. 


Oh-rmnon proress 


d, 






laekw an^Ls-t 

burip ^. Txs mverwr Huriwf is of 
quaSmateral forni, i!Uiy)i(,'.d beliind 
oy a rougli 1 rn’iin^i'ori for the inser¬ 
tion''hTthC Trici^ musclei iind in 
fi^TT'hcar'llflWfergin, BwasBgTTT 
transviTse groove , fo r the attjw;]i- 
pnnit of part of the postcnor,Jiga- 
mcntjjf the elbow- joi nt. Its a»- 
trnor surface is smooth, <-(>ncavc, 
covered witli cartilage in (he recent 
state, and forms the u])[kt and biu-k 
part of tli(‘ gn'atcr sigmoid cavity, 
its lateral iordrrit ])rc.scnt continua¬ 
tions of llie groove on flic margin 
of" the superior surface : they sin vc 
for the attacliment of ligaments— 

}z. the buck })art of the; intmtanlv 
atcral liguimnit intcrnully, and the 
posterior liguimmf externally. Tiom 
the iniii-r border a pari of the .I’lexor 
carpi ulujiris aiises ; ii liile to tlie 
outer border the Anconeus is 
attached. 

The coronoid process (processus eoronoideus) is a triangular cmiiiexiue 
projecting horizontally forwards from tlic upjrcr and front part of the ulna. 

Its base is continuous with the shaft, and of eonsidru-ablc strength ; so much so 
that fracture of it is an accident of rare occurreiuic. Its apex is pointed, 
slightly curved upwards, and in flexion of the toi-carni is received into the 
coronoid depression of the hunierus. Its upper surface is smooth, concave, and 
forms the lower part of the greater sigmoid cavity. Its aiitem-in/erior surface 
is concave, and marked internally by a rough impression for the insertion o f 
tile Bn^chiOilia antpiijs ; At the'junction of tliis surface with tho iron'roi tki 
stiai£ is a, rougS "eminence, the the^^uluji (tuberositas ulnae), \vhicb 

gives insertion pai:t,*p£ the Braelilalis anticusT t o the o uter border of this 
1 q bercl e J he pbhqueligame^^ is attached. Its outer AMr^cir|ilMdff^s^rH 
oblong' aGrliouIar deproSbn) flui'Tesser sigmoid cavity. Its inner surface, by its 

f irominent, free margin, serves for tlie attachment of part of the inta raal l a tera l Jir 
iganient. At the front part of tliis surface is a small rounded eminence for 
the origin rj of the Flexor sublimis digitorum ; behind the eminence 
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Fig. 358.—Bones of left forearm. Anterior aspect. 
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Fio. 359.—Bones of left forearm. Posterior aspect. 
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is a deoression for part of the -oiigin of the Plexor profundus digitorum; 
eminwea ift ridge wteeb 

EronatoJl toes- Prequently, the Flexor longus pollicis arises from Liie loWIt 
part of the oorondid process by a rounded bundle of muscular fibres. 

Tlie greater sigmoid cavity (incisura semilunaris} is a semilunar depres¬ 
sion of largo size, formed by the olecranon and coronoid processes, and serving 
for articulation u ith the trochlear surface of the humerus. About the middle 
of cither lateral border of this cavity is a notch, which contracts it somewhat, 
and indicates the junction of the two processes of which it is formed. The 
cavity is concave from above downwards, and divided into an inner and an 
outer portion by a smooth ridge running from the summit of the olecranon 
to the tip of the coronoid process. The inner portion is the larger, and is 
slightly concave transversely ; the outer is convex above, slightly concave 
below. 

The lesser sigmoid cavity (incisura radiahs) is a narrow, oblong, arti¬ 
cular depression on the outer side of the coronoid process, which receives the 
lateral articular surface of tfie head of the radius. It is concave from before 
backwards, and its prominent extremities serve for the attachment of the 
o rbicula r ligamept. i . , 

"" 'I'he'^aflTcorpus ulnsQ), its upper part, is prismatic in form, and curved 
from behind forwards and from without inwards, so as to be convex behind 
and externally: its central part is quite straight '; its lower part is rounded, 
smooth, and bent a little outwards. It tapers gradually from above down¬ 
wards, and lias three borders and three surfaces. 

The anterior border (margo volaris) begins above at the prominent inner 
angle of the'coronoid process, and ends below in front of the styloid process. 
Its Upper part, well defined, and its middle portion, smooth and rounded, give 
origin to the Plexor profundus digitorum ; its lower fourth, marked off from 
the rest of the border by the commencement of an o bliqu e ridge on the anterior 
surface, serves fp|; ,(Jhi6,prigm of the 5!tonator qua9i5f^“^u^ bonier separates 
the anterior from the internal surface. 

The 'posterior border (margo dorsalis) Ixigins above at the apex of the tri¬ 
angular subcutaneous surface at the back jiart of the olecranon, and cuds Ix'lovi 
at the back of the styloid process; it is well marked in the upper three-fourths, 
and gives attachment to an aponeoKOsis which affords a common origin to the 
Plexor carpi ulnarisj the Extensor carpi uluaris, and the Plexor profundus 
digitorum ; its lower fourth is smooth and rounded. This border separates the 
iftlefrial from the posterior surface. 

The external or interosseous border (crista interossca) begins above by the 
union of two lines, w'hieh converge from tlic extremities of tlie lesser sigmoid 
cavity and enclose between them a tnangular space for the origin of part of the 
Supinator brpyls; it mids bi’low at the head of the idna. Its two middle 
fourtTis "arc very prominent, its lower fourth is smooth and rounded. This 
border gives attacliment to the interosseous iiK'mbranc, and separates the 
anterior from the posterior surface. 

TliC anterior mr/ace (facies volaris), much brpader above than below, is 
eoneavb’ui its upper throe-fourths, and gives origin to the Plexor profundus 
digitorum ; its lower fourth, also concave, is eovei:ed by the Pronator q uadratus. 
The lower fourth is separated from tJie remaining po^tK^iSMl!^th@‘iTOM by' a 
prominent ridge, direct'd obliquely,downwards ana inwards; tto 
(Mque or pronatoj^ ridge) maAs t^^d^ig^tcnt of origin of the Pronat or q uadra tus. 
At tlic"plnict1bi.i of tile upper wutb the im^ffic thtiff* bOiW'fS’TneTvuCrrent 

canal, directed obliquely upwards and inwards. 

TJae pmieriorymrface (facies dorsahs), directed backwards and outwards, is 
broad and concave above ; convex and somewhat narrower in the middle* 
of its course; narrow, smooth, and rounded below. It pr^ents, above , an 
v^^lcch nrns^lpom .tOi^^ste^ exti^ty^ 
io>vnwj>.rda lo.tbo aoatenor border ; the triangular surlaceToove' trus 
rictoj^^yea^e ins^^^^ pl^Anboneus w^p:M;uEpw^amjt;^^ge 
ifg Alf nffnrda,. a.^nt>niR nt to tljp Bupinator bievis. Below thiS'‘*^H@ surface is 
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Fio. 36().—Plan of ossification of the 
ulna. From three centres. 
Olcrrnvmi 


*do«'nwar<i8.,tQ,iJlo Supinator brevis, the E xtensor ossia m etacarp i poUipts^ thl 
Ifti^PQ]] ic.il“ana tHe' %tsfi s or 

internal surface (facies moaialisyTSDroaaairaiooncave above, narrow 
and" convex Lclbfv. ‘ It gives origin by its upper three::£ourtha., to, the Flexor 
prnfnndiiH digrjjj^^nrjiin : its lower fourth is subcutaneous. 

'"xho lower extremity of the ul na is of small size, and presents two eminences; 
the outer and larger is a rounded, articular eminence, termed the head of the 
ulna ; the inner, narrower and more projecting, is a non-articular eminence, 
the styloid process.' The hm4 (eapitulum uln®) presents an articular surface, 
})artof which, of an ovaFor semilunar form, is directed downwards, and articu¬ 
lates with the upper surface of the interartieular fibro-cartilago which separates 
it from the wrist-joint; the remaining jiortion, diiveted outwards, is narrow, 
convex, and rcci'.ived into the sigmoid 
cavily of the radius. The s tylo id 'Qn^ciiss 
(processus styloidcus) projects from tlie 
inner and back jiart of the bone; it 
dcsci'iids a little lower than tlie hi'ad, 
and ends in a rounded snramjt, which 
affords attachment to ” the internal 
lateral ligament of tlni wrist-joint. TR.i' 
head is separated’from" 1 he'^ styloid pro¬ 
cess, internally, by a depression for the, 
attachnuMit of the a|S“.x of the trian¬ 
gular inf(“rarticiilar fibro cartilage, and 
behind, by a shallow groove for JJie 
passage of (he tendon of the Extensoi' 
carpi uTnaris.l / 

StrdCtu'fe.- VThi* stmetunf of the ulrui, Is 
similar 1o that of the other long hones. 

Ossification.- The ulna is ossified from 
three, cmitres : one eacli for Ihe shaft, the 
inferior extremity, and tin; top of the 
olecranon (fig. 360). Ossificafion begins near 
the middle of the shaft about tin; eighth 
\v(‘(‘k of fd'tal life, and soon extends through 
the giea.ter part of (,he bone,. At birth tlio 
eiids are cartilaginous. AI>oiit the fonrtli 
year, a centre apj)ears in the middle of the 
head, and soon extends info (he styloid 
process. About the tenth year, a centre 
appears in tlie olecranon near its extremity, 
the chief part of this process being formed 

by an upward extension of the shaft. The iip|)e,i- epipliysis join.s the shaft about 
the sixteenth,’the lower about the twentieth year. 

Articulations.— The ulna articulates with the Imnierus and radius. 



Surface Form .—The most, prominent part of the ulna, the olecranon [tt’ueeSs, can 
always be identilied at the biwk of the elliow-joint. When the forearm is flexed, the 
up 2 )er quadrilakiral surface can be felt, diriK'tod ba.ckwards ; daring extension it nwedes 
into the olecranon fossa, and the eontrueting fibres of the Triceps prevent its being 
pi^rceived. On the back of the olecranon is the smooth, triangular, subcutaneous surface, 
continuous with the posterior border of the shaft. During exUmsion, the upper border 
of the olecranon is slightly above the level of the internal epicondyle, and the iirocess 
itself is nearer to this epicondyle than to the external one. Rumiing down the l>ack of 
the forearm, from the awx of the triangular surface, is the prominent posterior border of 
the ulna, which can fie felt tlmiughont its entire length. As it passes down the forearm, 
it pursues a sinuous course and inclines to its inner sido![ so that it is situated in the 
middle of the back of the limb above, and on the inner side of the wrist below. It is 
rounded off in its lower third, and may be trae,od lielow to the small .subcutaneous surface 
of the styloid process. Internal to this border flie lower fourth of the inner surface can 
be felt The styloid process forms a prominent tubercle, continuous above with the 
posterior subcutaneous border, and terminating below in a blunt apex, w’hich lies on a level 
with tho wrist-joint. The styloid process is b^t perceived when the hand is in a position 
niidway between supination and pronation. If the forearm be pronatod while the finger 
is placed on the process, the latter "will be felt to recede, and another prominence will 
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appear just behind and above it. This is the head of the ulna, which articulates with the 
lower end of the radius and the triaiiRixlar interarticular fibro-cartilage, and now projects 
between the tendon of ^the Extensor carpi ulnaris and that of the Extensor minimi digiti. 

t/ The Rahius 

The Radius (figs. 358 and 350) is situated on the outer .side of the ulna, 
which exceeds it in length and size!. Its upper end is small, and forms only a 
small part of the elbow-joint; but its lower emd is large, and forms the chief 
^art of the wrist-joint. It. is a long bone, prismatio in form, slightly curved 
longitudinally, and, like other long bones, has a shaft and two extremities, 
t Tlie upper extremity ])rcscnts a head, neck, and tuberosity. Thu i£ad 
’^capitulum radii) is of a cylindrical form, depressed on its uyjper suiface into 
a slTallow cup (fovea capitali radii) whicli articulates with the cayiitellurn of 
the humerus. Around the circumference of the head is a smooth, articular 
surface^{cir(!umfercn<ia articularis), broad iiit cinallv wh ere it artieiilM.<.fts \yit b 
the‘t8 S»^sigmpkl-eftvitAf of the ulna, naffo w ih lTTe rciSt' oTIts circumferciicc, 
‘wTTenr iFima(.i^yuTthinAhe. 1 igatpent. TTiT« head is suyxported on a 

round, smdfifTC ant! constricted portion culled tin* neck (collum radii), on the 
hack of wl)icli is a slight ridge ft)rtb(' insertion of part of the Sujunator brevis. 
Beneath the- neck, at tl>c inner and front aspect of the bone, is a rough 
eminence, the (tuber osities r , a dii) ; its surface is divid(>d by 

a vertical lijuf into a j)osterioi-, rougli portion, for the insertion of tbc tendon 
of the Biceps, and an anterior, smooth portion, on w'hich a bursa is interyxosed 
between the tendon and th(‘ hone. 

The shaft (eoryms radii) is y)rismf)id in form, narrower above than below, 
and slightly curveil, so as to b<‘ convex outwards. It yxicsents three hoideis 
and three surfaces. 

The b^4.('r fmargo volaris) extends from the lower yiart of the 

tuboros l i y - ttljlJV li ^ -^e i.nt ■erior yiart of (he base of th(^ styloid process below, 
and scpai-atcs tlm anterior from the cxtiM-iifil surface. Its up|)or third is vciy 
prominent, and from its oblicyini direction, dowmwards jind outwards, has 
received the n.'une of the (Mique line of the radius; it gives insiwtion, externally, 
to the Supinator hirn'Ts’.' internal ly, there arisxw from it thi* J'^lej^or. longus 
pollicis, and Ix'.tw'oen those (lie flexor sublinijs digitormn. The middie tliird 
ofTRS’ anterior border is indistinct and rounded. Its low(‘r fourth is sharp, 
prominent, affoj'ds it^r^on to t^jic ^pnator (yuadratns . and give.s attacliment 
to the i)(>.sierior annu ity WainenTortltc^w ^^teitfemuiiate^ in a small tuherele, 
into w'lmril It; msisrlciTT^^tendon of the Brachio-iadialis. 

TJie poMferi(ir 1)0fiter (imirgo dorsalisl begins above at the hack of the neck, 
and ends below at the posterior juirt of the base of the .styloid process; it 
scyiaraU's the ])o.sterioi’ from th(' external surface. It is indistinct above 
and below', but well marked in the middle third of the bone. 

The inlenwl or inierosseous border (crista interossea) begins above, at the 
back yiart of the tuberosity, w'herc it is rounded and indistinct; it becomes 
sliaryi and • yirominent as it descends, and at. its lower part divides into two 
ridges, wliich are continued to the anterior and yiosl.orior margins of the sigmoid 
,cavity. To the postyrioi’ of the two ridges the lower part of the interosseous 
niembrane is attaclied, while the triangular'surface between the ridges gives 
insertion to part of the Rronator cyuadratus. This border scyiarates the anterior 
from the yioslerior surface, and throughout the greater part of its extent gives 
attachment to (he interosseous membrane. 

The anterior mirface (facies volaris) is concave in its uyijier three-fourths, 
and gives origin to tlie Efexor longus, lipl,licis ; it is broad and flat in its lower 
fourth, and atVords insertion to the Rronator guadratus. A piioniinent ridge 

Brona tor auad ratus below, and between this and the 
is atiXafigififif'rouglKuj^o^f^'IHrrt orfhe ant^EJiSf*^ 

hga m£nt..Qf. the \vlist-join t. At the jundimn of the upper and middle^tliiros 
orlnis surralce i^sllie nuTiTcrit foramen, which is directed obliquely upwards. 

The q^sterior svrfacc (facies dorsalis) is round, convex, and smooth in tlic 
upper third of its extent, and covered by the Supinator brevis . Its middle third 
is broad, slightly concave, and gives origin to the 

pcfificiat; above, and the Extensor brevis yiollicis below, lis ibwePFmfcmBro^, 
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convex and covered by the tendona^of the muscles which subsequently run 
in the grooves on the lower end of the bone. 

The exlcrnul surface (facies lateralis) is round and convex throughout its 
entire extent. I ts upper i hird giycf^ bffivis. About 

its centre is seen a rougti ridge, for the insertion of the Pronator teres. Its 
lower part is narrow, and covered by the tendons of tljj ^ ossis 

nietacarpi pollhas and E^^tensor brevis pollicis. 

■^fhe lower extremity is large, of quadrilateral form, a'ra provided with 
Iwo articular surfaces—one on the infciior surface, for articulation with the 
carpus, and another at the inner side, for articulation with the ulna. The 
carpal ariirnlar surface is triangular, c-oncave, smooth, and divided by a slight 
antcro-postcrior ridge into two parts. Of tluise, tlie (external, triangular, articu- 
lalcs witli the scaplioid bone ; the inner, quadrilateral, with the semilunar. 
The articular surface for ike nlva is called the sigmoid arvity (incisura ulnaris) 
of the radius ; it is narrow, concave, smooth, and artimilates with llu* head of 
the ulna. These two arti(ujlar surfaces arc sepaiW-ed from each other by a 
promiiumt ridge, to which the base of the triangular fibro-cartilage is attached; 
Uiis structure separates the wrist-joint 
from the inferior radio-ulnar articula¬ 
tion. This end of the borui presents 
three non-arlicular surfaces—anterior, 
postciioi-, and external. 'J’he atderwr 
surface, rough and irregulafT'OToMs 
atlacruiicnt to the apUuior ligament of 
the wrist-joint. The })6stenhy Surface 
is ednVex, affords attachmf*ni, fo tlu' pos¬ 
terior ligament of the wristdoint, and is 
marked Tjiy i’Rrbe'grobves. “ Ehunmratcd 
from without inwards, the first groove 
is broad, but shaUoW^'and subdivided 
into tw'o by a slight I'idge : the outer of 
these twp, it’^nsmits,Jhd ^n'^^ of' tJu; 

Extensoi’ carpi radiafis mhgior, the inner 
the tendon of the Extensor carpi radialis 
bievior. The seeotid, near fht^ cent r<‘ of 
the bone, is a deep but narrow groove, 
boundifd on its outer side by a shar[)ly 
defined ridge ; it is directed obliquely 
from above, dowrnvards and outwards, 
and tmnsmit.s the tendon of the Ex,- 
fis. The third and 
oad, foi' tlu' passage 
of the t,cndoiis of the Extmisor iudicis 
and Extensor eommunis digitoVutn.' 

The extenud sw/hce is prolonged"ob¬ 
liquely dowjwards into a strong, conical 
rojection, the styloid process (processus styloidcus), which gives attachment 
y its base to the tend on pf t(j^, B||;f)i(j||i| P - | '«dialis. and by its apex to the eternal 
lateral ligament ef dhe-wnst^ointT Tnemifei* sfirface oTtlus process Is marked 
by’l.'flaf groove, for the tendons of the ]Extcn8qr..Qpis nu^acarpi pollicis and 
Extensor brevis pollicis. C \ f 

Structure.- The structure of the radius is fsimilat to that of the other long 
bones. 

Ossification (fig, 361).—The radius is ossified from three centres: one for the 
shaft, and one for either extrcuiiity. That for the shaft makes its appearance near 
-the centre of the bone, during the eighth w'eek of fmtal life. About the end of 
the second year, ossification commences in the lower end ; and at the fifth year, in 
the upper end. The upper epiphysis fuses with the shaft, at the age of seven- 
leen or eighteen, the lower about the age of twenty. An additional centre, 
sometimes found in the bicipital tuberosity, appears about the fourteenth or 
fifteenth year. 

Articulations. —The radius articulates with four bones : the humerus, ulna, 
scaphoid, and semilunar. 

X 2 


tensor Jongus r)olli< 
most mternal is t)r 


Km. 301.— ’Ian of ossification of the 
j'adius. From three centres. 
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Surface Form. —Below, and a little in front of, the posterior surface of the external 
condyle a part of the head of the radius may be felt; its position is indicated by a little 
dimple in the skin, which is most visible when the arm is extended. If the finger be 
])laci'd on this dimple and the scmilloxed forearm pronnted and snpinated, the head of 
the bone will be distinctly perceived rotating in the lesser sigmoid cavity. The upper 
half of tlic shaft cannot be felt, as it i.s surrounded by the tle.shy bellies of the muscles 
arising from the exUirnal condyle. 'J’he lower half can be readily examined, though 
covered bj' tendons and mu8<jlcs and not strictly subcutaneous, and if traccid downwards 
is felt to h'nninate in a lozonge-shaped. eonve.v suifaco on the outer side of the base of 
the styloid jjroeess. This is the only subcutaneous part of the hotic, and from its lower 
extremity the ajw.x of the styloid y)roees8 will bo felt bending inwards towards the UTist. 
About the middle of the poshirior aspect of the lower extremity is a well-marked ridg<', 
the dorsal radial tubercle, best perceived when the hand is slightly Hexed on the wrist. 
It forms the outer boundary of the oblique groove, through which the tendem of the 
Jixtonsor longus pollicis runs, and helps to kc(ip that (imdon in its ])hic('. 

Applied AiiaU)my. —3’hc two bones of the [or(!arm are more often broken tog<‘ther. 
than is either the radius or ulna separately, ft is therefore coiivouii'ut to consider lhi‘ 
fractures of both bones in the lirst instance atid subseipiently to mention tin' principal 
fracture's which f ake phnse in each bone. Fractures of both bones may be produced by 
either direct or indirect violeinx', though luons commonly by direct violence. When 
ijidircct force is applied to the foi-earm the radius as a rule gives way. though both 
bones may sidl'er. Fi’actiire from indirect force generally takes phu'e somewhere about 
llie iniddii' of the bones, while that trom direct \ iolcncc' may occur at any part, hut is 
?nost trc'ipienl. in the lower half of the bones. The fra^durc is usually transverse, but 
may Ixi mori' or less obliijue. A point of inh're.st in eoimcction with these fracture's 
is the tendency tliero is for the two hones to unite a<‘ross the interosseous meuibrane ; 
the limb sliould therefore bo juxt up in a ])osition mhlway between supination and prona¬ 
tion, which is not only the most condortahU! ])osition, hut also se])arates the hones n\ost 
widely from each other and therefore dirniiiLslies the risk of their liecojiiing united 
across the interosseous meridiraiie. Anterior and ])ost('rior splints are applied in these 
cas('s, and sliould l>o rather w'ider than the limb, so as to prevent any later.al jiressure 
on the hones. 

The .special fractu7‘es of the ulna are :—(I) Fracture of the olecranon, whieh is usually 
caused by dii'ect violoneo, as in falls on the elbow with the forearm flexed, hut oeca- 
siomilly by muscular action in sudden contraction of the I’ricc'ps. The most common 
•plfWi' tor the fracture to occur is at tlie constrii-tcd jiortion wlicrc the olecranon joins the 
shaft of the bone, and the fracture may he either transverse' or obliiju'e ; but. any part 
may bo broken, and oven a thin slicll may bo torn off. Fractures from direct violence are 
oi'casionally eomminuU'd. The displai'cment is slight, if the (ihrous structures around 
till' jirocess are not torn. (2) Fracture of the eoronoid process may oeciir as a. com¬ 
plication of dislocation limikwards of the ho/ics of the forearm, but it is doubtful if it . 
over takes place as an uncom[»licate(l injury. (.'{) Fractures of the shaft of the ulna may 
occur at any part, but usually take place at oi- a little below' the middle of th<' hone. 
'I’licy arc geuerall^' the result of direct violcneo, hut may occur as a complication of 
dislocation of the radius. (4) The styloid process may he knoekcil oil by direct vioh'nee. 

Fractures of tlic radius may consist ot- (I) Fracture of the liead of tlic bone : this for 
the most ]iart lakes ))laee in (ionjunclion with some other lesion, hut may oeeur as an 
uueomplicated injury. (2) Fraetiire of the nock may also occur, hut is usually 
comjilieated with other injury. (M) Fracture.s of fho shaft of the radius arc very common, 
and may take* ])laee at any part of the lioiw'. They maj' he caused by direct or indirect 
xioleni'c. in fracture of the upper third of the shaft —that is to say, above the insertion 
of the I’ronatoi' teres—the displacement is very givat. The iipjier fragment is strongly 
snpinated by the Biceps and .Supinator brevis, ami Hexed by the Biceps ; while the loAver 
fragment is jironated and drawn towards the ulna by the two Pronators. If such a fracture 
he. put up in the ordinary position, midw'ay lietwcen supination and pronalion, the bone 
will iinilc v\ith the U]>per fragment in a po.sition of su2)iriation, ami the lower one in the 
mid-position, and thus considerable inqiairment of the movement of supination will result; 
the limb sbonld therefore be put up with the forearm supinated. (4) The most imiiortant 
fracture of (he radius is that of the low'e,r end (Collcs’s fracture). The fracture is trans¬ 
verse, ami generally takes jilaee about an inch from thi; lower extremity. It is caused by 
falls on the fialm of the hand, and is an injury of adi'aneed life, occurring more frequently 
in the female than in the male. In consequence of the maimer in which the fracture 
is caused, the upper fragment is driven into the lower, and impaction is the result: 
excess of violeiiei' may, however, disim])aet, the lower fragment being split into tw'o or 
more pieces, so that no fixation occurs. .Sejiaration of the lower epiphysis of the radius 
may take jilaeo in the young. 'J'his injury and Colles’s fracture may bo distinguished 
from other injuries in this neighbourhood--especially dislocation, with which they are 
liable to be confounded—by ofisorving the relative positions of tlie styloid processes of 
the ulna itnd radius. In the natural condition of parts, with the arm hanging by the 
side, the styloid process of the radius is on a lower level than that of the ulna: that is to 
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say. nearer the ground. After fracture or separation of thb epiphysis the styloid process 
of the radius is on the same level as, or on a higher l^efcthan, i^at of the ulna, whereas 
it would be unaltered in position in dislocation. Reduction in^ the cose of CoUes’s 
fracture is usually easily effected by traction on the hand, the limb being subsequently 
splinted with the hand in the position of ulnar flexion. ,, 

THE HAND 

Tlio skeleton of the hand (figs. 362 and 363) is subdivided into three 
segments-- the carpus or wrist bones ; the mptaoarj)us or bones of the palm ; 
and tlu- phahinges or bones of the digits. 

THK CAKI'tTS 

The Carpal bones (ossa carpi), eight in number, are arranged in two 
rows, ^’hose of tiie upper imv, frojn the radial to the ulnar side, are named 
the sca^oid, setfnfdfiar, cil^iform, and pisiform ; tliose of the lower row, 
in tlie same oitler, are named the tiviuuzuuu, trai)ezp]jl, os m agnum , and 
uneifpott^^ ^ 

CoMMOjr ('HAK.'Vt'TEItS t>T’ THE CAltrAE BOEES 

Each hoiu^ex<-eptiug the pisiform) presents six surfaces. Of these the 
(Ditcrior or w^ miar and th e P Q^tcrigi'jiv dursaljitQ rough, for ligam^touB attai^ 
mciiit; the dorsal suAices being the broadei-, exeej)t in the sciifmoid and sefW*^ 
lunar, 'riio s uperior or proximuL a nd m/udor.ox disltU surfaces are artieular, 
the superior generally eonvex, the inferior eoiieave ; tin* iniernal and external 
surfaces are also articular w'hen in eontaet- with contiguous bones, otherwise 
they ar<j rougli and tubercular. The slru<*tuie in all is similar, consisting of 
(iancellous tissue enclosed in a layer of eomimet bone. Each boiu^ is ossified 
from a single centre. 


Bones of the Uppeii Row 




ScAPifoii) (tig. 364) 


The Scapnoid (osnaviculare manus) is the hugest bone of tlie fiist row. It 
has j'eccivcd its name from its fancied res(*m blanc<! to a boat, la'ing broad at 
orn*, ('nd, and narrow like a prow at the other. It is situated at tins upper ajid 
outer part of tlie carpus, its long axis being from above downwards, outwards, 
and forwaTtls. The superior surface is eonvex, smooth, of triangular shape, 
and articulates with the lowei* end of the radius. The inferior surface, directed 
dowruvards, outwards, and backw'urds, is also smootli, convex, atnl triangular, 
and is dividc'd by a sliglil ridge into two parts, the external arlieiilating 

1^10. 3(i4.—The leftifioapfeoid.^ ‘ ’ 
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with the r.rM^v/.iniTj^ the inner with the ^^-npeynirl- The dorsal surface presents 
a narrow, rough groove, which runs t he an ^y e length of the bone, and serves 
for the attachment of ligaments. The yotmo r surface is concave above, and 
elevated at its lower and outer part into a rounded projection, ilasjij/j^eroaity 
(tubercolum oss. navicularis), which is directed forwams and gives attachment 
to the anterior a^ular ligauient of the wrist and sometimes origin to a few 
fibres’of the'A'Bduoibrjpolfipia, * 'J^e external surface is rough and narrow, and 
gives 'kttAoTimerif to the 'extei£B4ateral ligament of the wrist. The internal 
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surface presentB two artib\ilar facets; of these, the superior or smaller is flattened, 
of semilunar form, and artioulates with the semiluhar ; the inferior or larger 
is concave, fqrrniM with, the semilunar bone a concavity for the head of the 
oa,-niagahm. A ' ? - .• 

Axticulation8.^The scaphoid articulates with five bones : the radius above, 
trapezium and trapezoid below, os magnum and semilunar internally. 


'I. AS. 


J ^SK MtLU NATti (fig. Sfio) 


For coiiriforiii 


For radius 


The Semilunar (os lunatum) may be distinguished by its d(!ep concavity 
and crcscicntic outline. It is situated in the centre of tiic uiiper row of the 
carpus, between the scaphoid and cuneiform. I’he superior surface, convex 
and smooth, arti(udatos with the radius. The inferior surface, is deeply 
eonca\'e, and of greater extent fi’om before backwards than transversely : it 

articulates with the head 
Fig. 30.').—1’ho left semilunar. of the os magnum, and, 

by a long, narrow facet 
(scj)arated by a ridge 
fiinn the general surface), 
with the unciform. The 
palmar and dorsal sur¬ 
faces are rough, for the 
attachment' of ligaments, 
the fortner being the 
broader, and of a some¬ 
what rounded form. The 

external surface presents a narrow, llatlemcd. .semilunar facet for articulation 
with the scaphoid. Tin; internal surface, is marked by a smooth, quadrilateral 
facet, for articulation uith the cuneiform. 

Articulations.—-The somihmar articulales with five bones : the radius above, 
os magmini and unciform below, scaphoi<l ('xteriially and cuneiforni internally. 




h\ir '.milhunt 


■if'oriii For os /iKUiiiinii 


(.luNinroKM (tig. .3H(5) , 

Tlu‘ Cuneiform (os tri(pi('trum) may be distinguished by its pyramidal 
sha])e, and by an oval isolated facet for articulation with the pisiform bone. 
It is situafi'd at tlic upper and inner ,‘id(* of tlie (uirpus. The superior surface. 
presents an internal, rough, iiou-artieular ])ortioii, and an external convex 
articular portion, which artieulates witli the triangular fibr(*-earl ilage of the. 
wrist. Tlie inferior surface, directed outwards, is concave, sinuously curved, 
and smooth for articulation with the unciform. The dorsal surface is rough 
for the attachment of liganicnts. 'I’lic palmar surface presents, on its inner 


Fio. 360.—The left ciiiteiforin. 

For /I’sifio-iii I'oi !,eiiiilirn(ir 



For Ultrijoii 


Fi(i. 307.—The left pisiform. 
For I unrilonii 



part, an oval fa<‘(>t, for articulation with the pisiform ; its outer part is rough 
for ligamentous attardniumt. The external'swrface., the base of the pyramid, 
is marked by a flat, quadrilateral, smooth facet, for articulation with the 
semilunar. Tlu^ internal surface, the summit of the pyramid, is pointed 
and roughened, for the attachment of the internal lateral ligament of the 
wrist. 

Articulations.—The cuneiform articulates with throe bones ; the semilunar 
externally, the pisiform in front, the unciform below; and with the triangular, 
interarticoJar fibro-cartilage which separates it fropi the lower end of the ulna: 
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Pisiform (fig. 367) 

The Pisiform (os pisiforme) may be known by i'ts small size, ahd by its 
presenting a single articular facet. It is situated oii a plane anterior to the 
other caipal bones and is spheroidal in form, with its long diameter directed 
vertically. Its dorsal surface presents a smooth, oval facet, for articulation 
with the cuneiform : this facet approtu-hes the superior, but not the inferior 
border of the bone. The palvmr surface is rounded and rough, and gives attach¬ 
ment to the anterior annular ligament of the wrisl, .and to the Flexor carpi 
ulnaris and Abductor minimi digiti. The ovAer and inner surfaces arc also 
rough,, the former being concave, the latter usually convex. 

Articulation. — J’lie pisiform articulates with one bone, the cuneiform. 


OF THE Lower Row 

, ' ' ■ ' Trapezium (fig.. 368) " 

The Trapezium (os multangybubi luajus) may be distinguished by a 
deej) groove, for the tendon of the Flexor carpi radialis. It is situated 
at the exUu'rial and inferior paj’t of the (iarjjiis, between the scaphoid and 
first metacarpal bone. Tlie superior surface i s directed upwards and inwards ; 
internally, it is smooth, and arf.icuIaFos 'wiili the scaphokl ; externally, it is 
rough, and (jontinuoiis with fhe externai surface. The inferiiyr surface 
directed dowinvards and outwards, is oval, (anieave from .sidciTo^W^T^^ 
from befoin b.i.okwaids, so as to form a saddle-shaped surfaec, for .articulation 
with tli(! bas(“ of tile first inetaear]):il bone. ' j^iflmar x urfnr.r is narrow 

Fig, 30H.—TIju lull tmpoziinu. 
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and lough. At its upper part- is a dec]) groove, iniining from abov'c obliqiu'ly 
dowinvards .and inwwda ; it transmits the tendon of the Flexor carpi radialis 
and is bouiideil externally by an o blique rid ge. This surface "gives oiT^i" to 
*'^-1 AbducUu', OpponenSj^and ;iad also affords 

.attachment to the .anterior aiinulfir ligament of the wrist. The dorsal surface 
is i-ougli. The exlernal surface is broad and rough, for the attaehmeiit of 
llic internal surface presents t\vo facets : the upper, largo and 
eone.ave, articulates with the trapezoid; the lower, small and oval, with the 
base of the second metacarpal. 

Articulations.—'J’he trapezium articulates ivith four bones; the scaphoid 
above, the trapezoid and second metacarpal internally, the first metacaipal below. 


Fio, 3(59.—The left tiupezoul. 
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Trapezoid (fig, 369) 

The Trapezoid (os multangulum minus) is the smallest, bone in the second 
row. It may bo known by its wedge-shaped form, the broad end of tb(‘ w’cdge 
forming the dorsal, the narrow' end the 
palmar, surf.occ; and by its having 
lour ai’ticular surfaces touching each 
ot h(U‘, and separated by sharp edges. Tlio 
superior surface, quadrilateral, smooth, 
and slightly concave, articulates with 
the scaphoid. The inferior surface 
articulates with the upper end the 
second metaoaTOal bone ; it i«- 'convex 
from side to side, concave from before 
backwards, and subdivided, bj’^ an 
elevated ridge, into two unequal lateral facets. 
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surfaces are rough for -the attachment of ligaments, the former being the 
larger of the two. ’&i^ >eg:(ernal sitrface, convex and smooth, articulates wth 
the trapezium. , The internal surfo.ee is concave and smooth in front, for 
articulation with the os magnum; rough beliind, tor the attachment of an 
interosseous ligament. 

Articulations.—The impozoid articulates w’ith four l)Oiics: the scaphoid 
above, second metacarpal below, trapezium e.xternally, and os magnum internally. 


' ^ ' ’ Os Magnu.m ,(fig. 370) 

The Os mag'num (os capita turn) is the largest of the carpal bones, and 
oc(!upies the. centre of the wTist. It prc..sonts, abov(\ a rounded portion or 
Ixcad, which is r('ceiv(*d into the concavity formed by the scaphoid and semi¬ 
lunar hones ; a constricted j)ortion or ne'ek ; and below this, the body. The 
s uixrior surJare is round, smo ot h, and arOcuhites with llu* semilunar. The 
inferior surface is divided hy*TtvTrrid^'sTnto tTiic faccTs', for articulation 
Avilh the second, tliird, and ioiirlli metacarpal bones, that for the third (the 
middle fac.<'l) being tJie largest. The dorsal surface is broad and rough, llie 
jmlmir surface is narrow, rou?idcd, and rough, for tin*, attachiiumt of ligaments 
and a part of the .Adductor obliquiis pollieis. Tin* external surface artieulatc's 
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with the t ranezoi d by a small facet at its anttwior inferior angle, behind which 
is a I’ougli clepiession for the attachment of an interos.seons ligament. Above 
this is a deep, rough groavc, which forms part of tlx* neck, and serves for 
the attacliment of ligaments; it is bounded superiorly by a smooth, convex 
surface, for j^iculalion with the The internal surface articulates 

with lh(! UDttftbn n by a .smooth, (ioncave, oblong ftwet, which occupies its 
po.st(*iior ana sn'pei’ior parts ; it is rough in front, for tlie attachment of an 
interosseous ligament. fi L' c/•" 

Articulations,—The os artieulatcs with seven bones: the scdplioid 

and se^p^^iiar above ; the second, third, and fourth metacarpals below the 

T pezoid on the radial side ; and the upeiform on the ulnar-side. 

L'NCiFOitM (tig. 371) 


'riu5 Unciform (os hamatum) may be readily distinguished by its wedge- 
sha[)ed ft)rm, and the hook-like process wliich projects from its palmar 
surface. It is situated at the inner and low'er angle of the carpus, rvith its base 
downwards, resting on the two inner metacarpal bones, and its apex directed 
upwai-ds and oiitw'ards. I’he superior surface, the apex of the wedge, is naiTOW’, 
convex, smooth, and articulates with the semilunar. The inferior surface 
articulates with the foujlh and fifth metacarpal bones, by concave facets whi(!li 
are separated by an antero-posterior ridge. The dorsal surface is triangular 
and rough, for ligamentous attachment. T'ho.palmar surfaJee j^resents, at its 
lowerand inner side, a curved, hook-like process, the. unciform process (hamUlus), 
directed forw'ards and outwards. This process gives attachment, by its apex, 
to the antorior annular ligament of the wrist and t he Flexor carpi ulnari s ; by 
its. inner sunaM^ftf^h'Wffi^TtSlWlB aBKrOBpi»l8Uli' lillifimi "ffigltr; its oufff 



CARPUS 


316 


( aide is grooved for, the »assa.f>fi of the yiexor ipiidonB into the palm of the 
• It is one of the four ernmonces on the frdQ)t, GfCTg^S3^u8T6^ 

annular ligament of the wrist attached ; tL® others bein^ie pisiform 


FicJ. 371. -'J'he left unciform 







facet, cut obli(|Ucly from above, downwards and inu'ards. Tlie external snrface 
articulates with tlio os laa^piuni by its uj)j)er and ])ostcrior ])art, the remaining 
])ortion being rough, foi' the attachment of liganumts. 

Articulations.’-' Tlio, unciform articulates with live, hones : the semilunar above, 
the fourth Jiiul fifth nietiiciirpals helow, the cimeiform internally, the os magnum 
e.vternally. 

THK JIET.Vl'AUPl’S 

The Metacarpus consists of five cylindrical lioness whicli arc numbered 
from without inwards (ossa mclacar|)aJia each consists of a shaft and 

two extremities. 

(fOSIMON ChAUAOTEUS 01' THE MkTAOAUPAIj BoNES 

Tim shaft (coipus) is prismoid in form, and curved, so as to be convex in 
tlm Jougiludinfil direction behind, concave in front. It piM'sents three surfaces : 
two lateral and om; dorsal. Tim laLtt'ul surfaces axe concave, for the attach¬ 
ment of the Interosseous muscles, and separated frem one another % a promiiieut 
anterior ridge. The dorsal surface jmesents in its distal two-thirds a smooth, 
triangular, flattened area whi(‘h is covered, iu the ri'cent state, by the tendons 
of the Extensor muscles. This surface is hounded by (wo linos, wliieli 
cofnmenee in small tubercles situated on either side of the digital exti'emity, 
and, running upwards, converge to meet some distance behind the centi'e 
of the bone, and form a ridge wdiicli runs along th(' rest of the dorsal suiface 
to the carpal extremity. Tliis ridge .separates two lateral sloping surfaces 
for the altacliment of the Dorsal intoi'ossei.* To Urn tubercles on the digital 
extremities are attached the lateral ligaments of the mctacarpo-phalangcal 
joints. 

The carpal extremity or base (basis) is of a cubpicM and broader 
behind than in front: it articulates above with the carpus, and on cither 
side with the adjoining metacarpal bones; its dorsal and palmar surfaces are 
rough, for the attachment of ligaments. 

The digital extremity or head (capilulum) J)r{‘sents an oblong surface 
markedly convex from before backwards, less so from side to side, and flat¬ 
tened laterally; it articulates with the proximal jJialanx. It is broader, and 
extends farther forwards, on the palmar than on the dorsal asj)ect, and is longer 
in the antoro-posterior than in the transygiase diameter. On either side of the 
head is a tubercle for the attachment of ifKe'laieral ligament of the inctacarpo- 
phalangeal jo int. T he dorsal f^urt'n^ .. broad and flat," 
teitiMa : T]ie"*pflZ^r surfMe is grooved in the TniHfllc Tihf» for the' p^sagf 
of the Flexor tendons , ana marked on either side by an articular eminence 
contmuous witu tlie Terminal articular surface. 

• By these sloping surfaces the metacarpal bones may be at once distingnishml ftora the 
metatarsal bones. 
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<JF‘ PBCXTLIAn ChABACTKRS of the METACAIiPAL BoNBS 

The first metacarpal bone (fig. 372) is shorter and stouter than the 
others, diverges to a greater degree from the carpus, and its palmar surface is 
directed inwards towards the palm. The ^haft is flattened and broad on its 
dorsal surface^ and does not present tlie ridge wliich is found on the other 
metacarpal bOnes; its palmar surface is corjpave from above downwards. 
On its outer border is inserted the Omionens ^ollicis ; its inner border gives 
origin to the outer head of the First dorsal ^terosscous. The extremity 

presents a concavo-oonv<*.v surface, for articulation wth the paitmum ; it has 
no lateral facets, but oyits outer side is a tubercle for the insertion of tlie 
Extensor ossis metacarpi pollicis. The diyilal extremity is less convex tlian 
those of the other metacarpal boru's, and is broswler from side to side tlian from 
before hac'kwards. On its jialmar surface are two articular eminences, of which 
tJie out(!i' one is tJie larger, h»r the two sesamoid bones in this tendons of tlie 
Flexor brevis pollicis. 

The second metacarpal bone (fig. 373) is the longest, and its base the 
largest, of the four remaining bones. Its Cfirpdl extremity is prolonged iipw'ards 

Fia. 372.—^The iirst mcla- 
car|>al. (licfl.) 


V'or ti’itjtc'.tuiu J’'or int/n 

and inwards, torming a 
jiromineut ridge. It pri'- 
8enl.s four articular f.icets : 
three on the upper snrfaec; 
and one on tlu! inner or 
ulnar side. Of the facets 
on the ujijier surface the 
middle is the largest anti is eoncave from side to side, convex from before 
backwards for articulation wntly-thc t'xtcrnal is small, flat and 

oval for articulation with the * flie internal,/gin J^hp summit of the 

ridge, is long and nairow for articuTatLon with the oiisAMrtum. The facet 
on the, uhijir side articulates with the third metacaipal. The ^Extenso r, -PR^'P * 
r^id^i? JpiigLor is inserted oji thp dorsal surface and the Flexor carpTramans 
oh the pallLiiar suiiaicc of "tlus extremjibi, 

The third metacarpal bone (fig. 374) is a little smaller than the 
preceding. Tito dorsal aspect of its carpal extremity presents on its radial 
side a pyramidal eminence, the styloid -process, which extends upwards behind the 
os magnum ; immediately below this is a rough surface for the attachment 
of the Extensor carpi radialis brevior. The carpal articular facet is concave 
behind, naFm^'ohfc, ^d~ai‘tici3^iM^ith the os nihj|QlB(A,!^On the radial side 
is a smooth, concave faegt for articulation with the second met^aipal, and 
m the ulnar side two small oval facets for articulation* with fhe fourth 
m^aoarpa l. .. 



Fia. 373.—The second metacarpal. {Ijcft. 
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Tlfo' fourth metacarpal bone (fig. 375) is shorter and smaller than the 
J^ceding, The carpal extremity is small and quadrilateral; its superior surface 
presents two facets, a large one externally fcm articulation v(sith the unciform 
and a small one internally for the o8-j»«gilni^^^)n the radial side are two' 
oval facf'ts, for arti(!ulation with th(i » 

third iiu'tacarpal ; and on the ulnar ^’lo- 374.-The third motacarpal. (l^eft.) 
side, a single concave facet, for. the fifth 
metacarpal. 

The fifth metacarpal bone (fig. 370) 
prc'scnts on its carpal extremity one 
facet on its superior surface, whitdi is 
concavq:<ipnvex, and articulates uith 
the iinciM^^iu, and one on its radial side, 
whicli Articulah^s with the. fourth meta¬ 
carpal. On its ulnar side is a ^iromincnt 
tubercle for the insertion of the. tendon 
of tlie Ex^tensor oar|)i ulp^ris. 'I’he 
dor,sal suiTace o^ th(' sliafl is marked 
by an oblique ridge, whicih extends from 
near tiie ulnar side of tiu! ujtper exlrem- 
ity to the radial side of the lower. Tin* 
ouler division of this surfai’e servos for 
the atlachnumt of the Fourth dorsal 
interos.seous muselo ; the inner division 
is smooth, triangular, and covered by 
the Extensor tendons of the lilllti 
linger. 

Agti£ttl&tun&-; -Besides tluar phalan- 
gt^al arScTilatioiis, the imitae.irpal hojies 
a.i tieiilatc as follows : the first witli tlie 
trapexiurn ; the second with the t.rupe.i!iiim. 

trapezoid, os niagmiTii and third me(aca.rj).d ; the third with 
anil second and fourth Jiietacarpals; the foiuth with the os magnum, nnci 
form, and third and fifth nietacarpals ; and the fifth with tin* uneiforiu 
toiiith metucar}>al. 
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Fjo. :J7.5.—'I'lie fourth nictoofirpa). (Lc'Jt.) 



4' I// tiff 

mutjnum Vor Hnl Tor mHa- 

metacarpal unciform carpal 


Fio. 370.— 'Die fifth niotaciU'pal. 
(Lett.) 



Foe Mh For nnrifonu 

mriacarjial 


The first has no lateral facets on its carpal extremity ; the second has no lateral 
facet on its radial, but one on its ulnar side; the thii'd has one on its radial and 
two^on its ulnar side; the fourth has two on its radial and one on its ulnar side ; 
andjtbo fifth has one on its radial side only.. • 
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THE PHALANGES 

The Phalanges (phalanges digitorum manus) are fourteen in number. 
^ “tlr re o for each linger, and two for the thumb. Eaeli consists of a shaft and 
two extremities. Tlie shaft tapers from above downwards, is convex pos¬ 
teriorly, (fonc^'c in front from above downwards, flat from side to side, 
and markecri^w^lly by rougli ridges, which give attaoliment to the fibrous 
sheaths of the FIgxor tendons. Tlie mdacarpnl extrvmitips of the bones of the 
first row j>resent oval, concave articular surfaces, broader from side to side 
than from bcdore backwards. The proximal exlrcmily of eaeii of the bones 
of the se.cond and third rows presents a double concavity separated by an 
antcro-posterior median ridge. The dislal extmnitiei are smaller than the 
proximal, and each terminates in two lateral condyles separat(*d by a shallow' 


Fio. 377.—Plan of ossification of the hand. 



groove ; the articular surface extends farther on the palmar than on the dorsal 
aspect, a condition besst marked in the bones of the first row'. 

The umjwd phnlavfjps arc convex on their dorsal and flat on their palmar 
surfaces; they are locognised by their small size, and by a rou^iened, 
elevated surfaei' of a horse-shoe form on the palmar aspect of the distal 
extremity of each wliich serves to support the sensitive pulp of the finger. 

Articulations. - 1 u the four inner digits the phalanges of the first row articulate 
with those of the second row and with the metacarpals j the phalanges of the 
second row' with those of the first and third rows, and the uugam phalanges with 
those of the second row. In the thumb, which has only twd pt’-alanges, the first 
phalanx articulates by its proximal extremity with the metacarpal bone and by 
its di^ftl with the ungual phalanx. 
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Ossification of the Bones of the Hand 

The Carpal Bones arc each ossified from a single centre, and ossification jwo- 
ceeds in the following order (fig. 377): in the os niagnuni and unciform during 
the first yciir, the former preceding the latter ; in the cuneiform, during the third 
• year ; in the semilunar and trapezium, during the fifth year, the former preceding 
the latter; in the scaphoid, during the sixth year; in the trapezoid, during the 
eighth year; and in the pisiform, about the twelfth year. 

Occasionally an additional bone, the ofi cetitmh, is found on the bach of the 
carpus, lying between the scaphoid, trapezoid, and oa magnum. Duiing the second 
mouth of foetal life it is represented by a small cartilaginous nodule, which usually 
fuses with the cartilaginous scaphoid. Sometimes th(j styloid process of the third 
metacarpal is detached and forms an additional ossicli*. 

The Metacarpal Bones are each ossified from two centres ; one for the shaft 
and one for the digital extremity of I'.ich of the four mner hones : one for the shaft 
juid one for the carpal extremity of the first metaca,r])al bone.* It will be seen, 
tlierefore, that the first metacarpal bone is ossified in the same! manner as the 
phalanges, and this has hd some anatomists to regard the thumb as being made up 
of thrc'c phaJaiigcs, and not of a nKit.icai-jial bone and twf) jihalanges. Ossification 
commence,s in the middle of tlu; shaft about the eighth or nintli week of foetal life, 
tile cc'ntre for the, first me.tacaipal bone being tin' last to appear„aiid gradually 
proi ceds towards eitln'r end of the bone ; .ibout the third year the. digital 
I'xtremitics of tin* four inner nietacarpals, and the base of the first metacarpal 
begin to ossify ; they unite with the, shafts about, the twentieth year. 

Tlic Phalanges arc each ossified from two centres; one for the sliaft, and 
one for the proximal ext.remity. Ossification begins in tlie sliaft, about the eighth 
week of foetal life. (Ksitication of the proximal extremity e.ommenees in the bones 
of the first row betwinm the third and fourth years, and a y(>ar lati'i- in those of 
the second and third rosvs. The two ((mtre.s fiecomc united in I'acli row hi'twecn the 
eight mt h and 1 w entieth yi'ars. 

In the ungual phalanges the centres for the sliafts appear at the distal 
extremities of the ]ihalanges, instead of at the middle of the shafts, as in the 
otlier phalaiige,s. Moreover, of all the bones oi tlu' hand, the ungual phalanges 
are the first to begin to ossify. 

Snrfav<- Fttrm .—On the front of the. wrist iiri' two siibciitaiK'ons cminuncos, one on the 
radial side, the larger and flatter, produced )»y tlu' tiibcrosilj’ of the seaidioid and ttic ridge 
on tfie traprgium; the other on tfie iiliiar side, caused by the jiisiform bone, llie tuberosity 
of tlie Kcaiiboid can lie felt just below and internal to tlu' apex of the styloid process 
of tfie radius, between the tendons of tfie Extensor ossis melaearp'i jjollicis and Flexor 
carpi radiabs ; it is best [lereeivcd by extending the fi.and on the forearm. Half an inch 
below this tubercle anoDier and better markisl prriininenee iian be fell ; this is the ridge 
on f.lic tr,a])ezium, which gives attaebinent to some of the sliort mnseles of the tlininb. 

0 . the inner side of the front of the wxist the pisiform boric forms a small but prominent 
projection. It is some distance below the lower end of the ulria, and just below the 
level of tire styloid pror-ess of the I’adius ; it is crossed by the crease wbieh separates the 
front of the forearm from the palm of tln‘ hand. The rest of the front of the carpus is 
covered hy tendons and the annular ligainrmt, and is i‘iitirely concealed, with the exception , 
of the hooked process of the nneiform, wliieh can be made out only with difiienlty. The { 
back of the carpus is convex and covered by the Extensor tendons, so that the posterior i 
snrfaco of the cuneiform is the only bone wbieh can be felt. Below the carpus the dorsal 
surfaces of the metacarpal bones, except the fifth, are covered by tendons, and arc only 
visible in very thin* hands. Tlie dorsal surface of the fifth is. however, subcutaneous 
throughout almost its whole length, and is plainly to be perceived and felt. Slightly 
external to the middle lino of the hand is a prominence, frequently well marked, but ; 
occasionally indistinct, formed by the styloid iirocess of the metacarpal bone of the 
middle linger. This prominence is in the same line us the dorsal radial tuhorclo, and is an ' 
inch and a half below it. The heads of the mctacarpals are plainly to he felt and seen, i 
rounded in contour and standing out in bold relief under the skin, when the fist is / 
clenched. It should be home in mind that when the fingers are flexed on the hand, j, 
the articular surfaces of the first phalanges glide off the heads of the metacarpals on to 
their anterior surfaces ; so that the heads of those bones form the prominonecs of the^, 

* Allen Thomson dteaonstrated the fact that the first bone is often dcvclojK'dj 

from fhres centres: wiat is tq sa^, there is a separate nucleus for the distal end, forming Uj 
distinct ^physis visible at the age of seven or eight years. He also states that there are 
traces of a proximal epiphysis iii the eeoond'otietaoarpal bone. Journal ofAnat. aitd Phyaiol., ] 869, 
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knuokIcH and roroivo the force of any blow which may be given. The head of the third 
motaoarpal bone ie the most prominent, and receives the gi-eater part of the shook of the 
blow. This bone urliculates with the os magnum, so that the concussion is carried 
through this bonc'to the scaphoid and semilunar, with which the head of the os magnum 
articulates, and by these bones is transferr«'(1 to the radius, along which it may be parried 
to tho capitellum of the humerus. 'Hie enlarged <‘xtn^mitios of the phalanges can be 
plainly felt. When tho digits are bent, the f)r()ximnl phalanges of tho joints form 
jtrominences, which in the joints between the lirst and sec(nid i^ialangos are slightly 
hollowed, in accordance with lh<> grooved sh.ipc of their articular surfac«‘8, while in those 
between the secontl and third rf)WH the prominences are lldttened and square-shaped. In 
the palm of the hand the four inner metacarpal bones are ooveied by mus<ie8, tendonsg^ 
and the palmar f.tscia, and no part i>f them but their heads is to be distinguished. With 
regard to the ihumb, tho hasc* of tlie metnearpal botic lorms a promiiieuee on tlie 
doisnl ,iBj)eel. helow llie siyloid process of the jadius ; the shalt can be felt, ooveied 
hy tendons : it l»Tniinntcs at its liead in a flattened ]»rominenc{>, in front of whu’h can l»c 
telt 11 ) 1 ' hi'vinioid bones. 

Ap/ilitd Antifimiif. -'I’lie enrpal bones are little liable to fi'aetuie, exeejd from extreme 
violenei', wlieii the ])arts are so eommimited as to iiceossitate amputation. Oeeasiisially * 
thev .ire till' se.-it of tiilierculous di.sease. Tlie mt'taeaiqial lioiies and tlie ])hnlanget are 
sometimes broken from diieet violeiiee. There uic two diseases of tlie metaearpal lames 
and ])hai:inges which )ci|uire special mention on account of tlicir frcipicnt occiiiTencc. 
One is t)dierculous ilaetylilis, consisting in a dcjiosit of tubcrciilims iiiatcriul in the 
mcdullarv canal, expansion of the bone, with suhsei|ucnt eascatiou anti neerosis. 
The other is clnmdroma, wliicli is ](crbn])s more i omiuonly found in connection with the 
mctacariial bones and ))h.d.uige, tli.in W'itli any olliei bones. 'I'he tumours aix* nsii.illy^ 
multiple, and spring Irom beaenth the ])ei-iosfenm about tlie cj)i]»hy.'ial hue. ^ 


IJONES OK THE LOWEH EXTHEAIITV 
Tiik (><? Innominathm 

S* Tliu Os Innominatum (os co.mc) is u largo, inogularly sltapc'd, flatloiiod 
i)ono, poiistriotod in tho conin' and oxijandotl aliovo and bi'low. It inwls its 
follow of tho oppositi' hid(' in tho niiddh' lini' iti fionl, and totrolJU'r they form 
the sidi'S !ind anli'dor wall of tho porvio“o{ivity. It consists of throe parts, 
tho iliuiti, isoliiutn, and^nibis, vvliioli arc distinct from cacli other in the young 
Kidijoot, blit are fused in tlio adult to form u single bone ; the union of tho 
throe parts lakes phui' in and around a lai'go oup-shapi'd artioidar cavity, 
Giu gigylabultim . whii'h is aituatod tu'ur the middle of the outer surface of the 
bone. 'Tin' Hi am . so oallod because' it suyiporta tlie flank, is the sujii'iinr 
liruad and expanded ])ortioji wliieli extends upweards from the aei'tabulnm. 
The i^ rjiium is Hie lowe.st and strongest jiortion of the bone; it ])roeeeds 
downwards from th<‘ aec'tabiilum, expands into a large tulwrosity. and Hu n, 
eurviii'i forwa^s,' forms, with the imhis, a large, aperture, the obliii’ator 
foramen. Tlu ^Mfes - extends inwards and dow'iiwards from the aeetabidnm 
and articulates m"tTiomiddle line with the bone of tlie opposite side : it forms 
the front of the" pelvis and supports the exti'rmd organs of gern'vation. 

Tin* Ilium (os ilium) jneseuts for ex.imiiiation two surfaces an exH'rnal 
and an inti'rnul a ere.st, and two borders an anlerior and a posterior. 

Th(‘ (xlfrml mrjaev of Hie ilium (fig. :i7S) is dividi' d uib w^t u,!) ,, Barts—an 
ujjpuy t/f - gliitt^al, or glittrnC'jxrrtion, 

known as the rtoiw)«T77«?i“*Ts <lireetKT‘15ifekwaixls and outwards behind, aiicl 
dow'nwards and outw'ards in frotit. It is smooth, convex in front, di'oply 
eoncave behind ; bounded above by Hie crest, below by the upper boi’dt'r of 
the acetabulum, in front and behind by the anterior and posterior bordt'rs.) 
This Hurfaei' is crossed in an arehi'd (lirection by three lines—tlie supeiior, 
middle, and inh'rior eurvc'd lines. The superior or posterior curved line (linea 
glutaoa jiosteiior), tlie shortest of I'luT tnreo, tx'ginfl at {lie ore.'tf.'JEj^Jjmtj^) 
i nches in tront of its pp ster ior extremity ; it is at first distinctly niai'kotT. 
but as it pas^ nmvTiwimls of the great notch, 

where it ends, it bi'comes less distinct, and is often altog^ir lost, l^elund 
this line is a narrow' semilunar surface, the upper part of which is rough and 
gives origin to a portion of the XJIiitgns maximxiB; the low'er part is smooth 
..and has no muscular fibres attached tcTil* glutaoa 

anterior), the longest of the tJtree, begins'' lat the oi^t, about an inch and a 
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half behind its anterior extremity, and, taking a ouryed direction down* 
wards imd backwards, ends at. the upper part of the great saoro-soiatic 
notoli. ^he spa&e betwc'en the superior and middle curirod lines and the 
crest IS concave, and gives ongm to the gluteus modi^ ^ear the nuddle 
of this hne a nutrient foramen is often seen. Th^ i»/enor curved hne (linea 
glutaea inferior), the least distinct of the three, begins in froiit at the notch 
on the anterior bonier, and, curving backwards and downwards, ends near 

Fifl 378.—Right os mnominatum External sm face. 


ex'll of ihiiiii 



the middle of tlie great sacro-seiatic notch. The surface of bone included 
between the middle and mfenor curved Imes is concave from above down- 


waids, convex from before backwards, and give^ origin to theCHuteus mjipimus. 
Between the infenor curved Ime and the upper part of the acetalndum fe 
a rough, shallow groove, from which the reflgcjj^d. tojj,<ilqn of the Bectus* 

feauua^itflBeB. hiuier nr rmpinhulnr mnrl nf Iha A-rtAmol nii rfnjm fl nfAJa 

e formation o: 
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fifths. It is separated from the gluteal' portion by a prominent rim, Mhich 
forms part of the margin df the acetabular cavity. 

swrjace, (fig. 379) of the ilium is bounded above by the crest; 
below, it'lT'craSauous with the pelvic surfaces of the pubis and ischium, 
only a faint line indicating the place of union; in front and behind, it is 
bounded by the anterior and posterior borders. It presents a large, smooth, 
concave surface, called the Hide fo ssa (fossa iliaca), which gives origin to the 
Iliacus and is perforated at its inner part by a nutrient canm ; and Wow this 


I'lG. .379.—Right 08 innominatum. Internal surface. 



a smootl), rounded border, the lined ilio-pectineM, separating the iliac*, fossa from 
the portion of tlje internal surface which enters into the formation of the 
cpin and give.s origin to part of the Behind 

the iliac fossa is a rough surface, divided into two portions, an anterior and a 
posterior. The anterior or .<niTfnr.p (facies auriculams), so called from 

its resemblance in shape to the ear, rp Wjtfb ™ therecent state, 

and articulates with a similar surface on the side of the Bacrum. iT b e poste mr 
iliaoa) is elevated aiid roug^, for the attaCTnnent ,,of tne 
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ppsterior saoro-iliac lieaments and for 

Mi3MSrame!S?"T^^' . 

TEc.*^i?St^f. tLifi^ium (crista iliaoa) is convex in its general outline » 
sinuously curved’, "Bwng concave inwards in front, concave outwards behind. 

It is thinner at the centre tlian at the extremities, and terminates in the , 
anterior and posterior superior iliac spines. The surface_of the crest^ ig^ b road , 
and divided into an external 

ABouI two inch&S' behind Ihe' a'ntenOT supePTor iuac spine there is a prbiiiinent J 
tubercle on the emter lip. To the external lip (labium externum) are attached^ 
the TnTjpnr fiipjaPft^oris . Obliquus externus abdominis, and Latissirnus dorsi,^ 


■it. 


and aJong 1 wiio^ i the fascia lata ; to the space between the lips 

intermedia) the Internal oblique; to the internal lip (labium internum), the 
fascia iliaca, the Transversalis abdominis, Quadratus lumborum, Erector spinse, > 
and Iliaciis. 

'Che anterior* border of the ilium is concave. It presents two projcctiofis, 
separated by a notch. Of these, the uppermost, situated at the junction of the 
crest and anterior border, is called the anterior superior iliac sunn e (spina 

acliment to the isScit 


iliaoa anterior superior) ; ilja „qqt^>r borde r tnves attachment to the lascia Ij 
a nd j.be Tensor f asciai fomoris ; its iTinc. border, to the Il iacus j' while its 
o^Fi'einitv affords latTaoTiment to Pb^ ^ryg; ^|qaS bint ancl 
s>rtorius J'~'!l ^ ]q; ;gtiL ' "tlilic;.,'mniTronee & a wtmi'wlircTr' glves ‘OEig m ’tiB " ^e 
iSarEoHus, am across which the external jiasses. Below ^e 

nol,ch is the anterior inferior i7iac''4pwc~(spma iliaca anterior inferior), which 
ends in the upiicr'Iif) bftlie acetabulum ; it ^(isattochment to the straipht 
<i-niJnn iif the Rectus fem nris nntl tn the ilio-femoraJ ilgam ent oLtbe hip-T biht.w 
On 1 he 1 nner sif'ift”ftf"t'lie anterior in^io/’^s^n^^is‘^’Droaili'snalldw griio 
over which the Ibo-psoas passes. This groove is bounded internally by an 
eminence, the ilio-p ectiucal. which marks th(i point of union of the ilium and 
pubis. 0mrf»^ikv Uv- 

'Clio frosterior border of tlie ilium, shorter than the anterior, also presents 
two projections separated by a notch, the 'aos icrior svm riur iliac spine, (spina 
iliaca posterior superior) and tin* posterior inferior illac^spine (spina iliaca 
]»ostciior inferior). 'The former conesponds with th at p ortion of ..tb.b-iTO®*’ 

snrf^ejif 

of the' sacro-iJiac ligaments and the |miltindns spina*; the latter to the lower 
eStiTTTrtfjrTsr'tRo atiflSllltti' surface. Bt?lo’w 'the posterior inferior spine is a 
d(‘Cp tintch, tlie great sacro-scialic notch (inc.isura isehiadiea major)., 

'Clm Ischium (os isehii) forms tlie lower and baek part of the os iunomi- 
natuin. Tff’Ts divisible, into a tliiek and solid portion, th(' body ; a large, 
rough emini'iiee, on which tlie trunk rests in sitting, the tuberosity ; and a 
thin part, which passes forwards and sliglitly upwards, the ramus. 

The body (corpus oss. ise.hii), somewhat trianguhar in form, presents three 
-urfaces, external, internal, and jiosterior; and three borders, external, 
internal, and poste-rior. I’lie corresponds to that portion of 

f he acetabulum which is formed by the ischium ; it is smooth and concave, and 
eoiistitutcis a little more than tn'o-lifllis of the acetabular cavity, llotween 
the acetabulum and the. tuberosity is a Hi^ip yfonv o whirh thp. tmidm 

Ilf the O bturator externus runs as i t p asses o utwards tobeinseftea iatoLt be 
i ligital f 9 ssa oT^ie ' fei nuf."'' ^^le inter^ smoolTi! eoiica^ and 

enters into"tlTe"loruiation’Tif the lateral boundary of the true pelvic cavity; 
it is perforated by two or three large, vascular foramina, and gives origin to 
part of the Obt urator i iiternus. The posterior surface i.s quadrilateral in form, 
broad and smoom. It islimited, cxternanyj’by the margin of tlie acetabulum ; 
behind by the posterior border; it suppor ts the Pvriformis. the, two Gexaelli. 
and^he Obturator internus, in their passage outwards to the grea4trQcb#W.t,Pr* 
Bt‘Tdw,'’^ere’"]^7ojSs’TKe'^uBefosiCy, it pt'^Oiits a groove continuous with tliat 
on the external surface for the tendon of the Obturator externus; the lower 
edge of this groove is formed by tlie tuberosity of the ischium, and gives 
origin to the (jgmeUggJnfmon The forms the prominent rim 

of the acetabulum, antf sUpaWtes the posterior from the external surface. 
To it is attached the cotjdoidlieainwt. thin, andioiw 

the Qut.er ^ ^ f»i.o».An,* Thc yo^Hor b^er 

tb|n and poih^d trian ^Iar epimence . the ^jtwne of the iflctom^ Ppina 


preaehtB A tr 
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i^hiadica), xiiore or less elongated in different subjects ; 



> fsacro-sctcuic 


c noic% (mcTsura' iscfiiadlca major), converted into a foramen by 
the small sacro-seiatic ligament; it transyjits the Pyriformis, the gluteal 
vessels, tJm supprlbr and inferior gluteal nerves, the sciatic vessels, the greater 
and lesser sciatic nerves, the internal pudic vessels and nerve, and the nerves 
; to the Obturator intemus and Quadratus femoris. Of these, the gluteal 
i' vessels and superior gluteal nerve pass out above the Pyriformis, the other 
structures below it. Below the spine is a smaller notch, the small sacro- 
» sciatic (incisura ischiadica minor) ; it is smooth, coated in the recent state 
with cartilap?, tlic surface of which presents two or three ridges eoiTcsponding 
to the subdivisions of the tendon of tlie Obturator iuternus, .which winds over 
it. It is converted into a foraimm by the sacro-scialic ligamcnits, and transmits ^ 
„the tendon of the Obturator internus, tlie nerve which supplies that muscle, 
^d the internal pudic vcissels and nerve. 

^ ,ii31he- THlSerosity (tuber isehiadicum) jirescnts for c.xamination three 
■' surfaces: external, internal, and posterior. 'I’he extmnd suij'ffceh quadrilateral 
in shape, and rough for the attaeliinent of muscles. It is bounded above by 
the gi'oove for the tendon of the Obturator exteruus ; in front it is limited by 
the posterior margin of the obturator loramen. and below it is continuous 
with the ramus ; behind, it is bouruhid by a prominent margm wdiich separates 
it from tlie posterior surface. In front of tliis margii\^lJUp surface giv es^ origin 
to the QuadmtugJ((gjporilh,^tind anterior to this to some of the fibiro'bf origin' 
of the Obturator externuS: the lower part of the suilaec', givc's origin to part 
of the Addudtot internal surface forms part of the bony wall of 

tins true pelvis. In front, it is limited by the posterior margin of the obturator 
Uiyugn Behind, it is bounded by a sliarp ridge, which giyes attachment 
CQ a ^aipform prolpnga tion of the gr ea t sacro-sciatic ligamen t, and, more 
‘ an tei-iorlv, gi Sjs origin to flieTraffsTersuTperihiSeTandlSrecfor^^ vel elitoridis. 

The i)osi£rior!Mrface i s'divided info two portions : a Tower, rcfogh, eomcwlrat 
triangular part, and an upjier, smooth, (piadrilateral portion, 'rii e anterior 
portion is subd ivided by a prominent hmgitudinal ridge, passing l^iTbaseto 
ajicx, into two parts •‘‘'feerb ufer'^giye s attadhrtiernT'fb the Adductor magnus 
■ \the in ner to the groat 8aero-!9cTatie ligamont. The unner portion is subdivided 
intP_.tAD a (irca-sTny »n Clique'ri dg<^, wTrich runs dfiwn^v^Ss^lincr^^buPR’ai^''; 
from the upper aiyi.puter area the^emi-membranosus arises ; f rom the l ower 
and bond Bl^^S^anfl 

The c^m us Iramus' Tnfeiib'F’ OSS. iseliii) is the thin, flattened part of the 
* iscliium, which ascends from the tuberosity upwards and inwards, and joins 
Ij^the descending ramus of the pubis—the junction being indicated in the adult 
by a raised line. The ov),et SWMcf. is uneven, for the origin of the Qbtuj-ator 
externus, and some of the fibres of tlie Adductor magnum j its inner surface. 
forms part of the anterior wall of the pelvis. Its ipner, border is thick, rough, 
slightly everted, forms part of the outlet of the pelvis, and presents two ridires 
‘ ^d.JlJlJmJtc.rveiuxig apaee . The ridges are continuous with suiidlirAll^s 
descending raihus of the pubis : toJ iie,outer is .attached t he deep layer of the 
SUpei'fiQU^'Perijgialf^^gCia nf .f 'n11nr^ inn^r 

of thfi t,rhvTn^ii1n,rJiya.rnent of thepe rlnteum . '~lf these two ridpSWfracM clown- 
wards, they w’ill be found to joiiTwotli each other just behind the point of 
origin of the Transversus perimei; here the two layers of fascia are continuous 
behind the posterior border of the muscle. To the intei^ening space, ins t 

1, and m front of this a portion oi the crus perns vel chtom 

'‘Its"’3Wer'1^“il^Ts'fbmnaSId"'iIi^^ an"cr 


is and the 


a.ttacliect, ana m tr out oi tms a p orti 

J grecto r penis \^""oKtdriai8 miiScIe.'__ __ „ 

forms parl“bf the inner margin of the dbtar^or loramen 

The Pubis (os pubis), the anterior part ^ os innominatum, is divisible 
into a bdl!5^, an ascending, and a descending ramus. 

The body (corpus oss. pubis) is somewhat quadrilateral in shape, and 
pjaagjjteJor examination t wro surf ypps pntf hoBders. The mterior mrface 
18 roughT directed downwards and outwards, and serves for the onJJHTTirWMWHB' 
muw)]^. The Adducto r longus arises from the upper and inner 

. ••a-wnr v ---- 
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immediately below the crest; lower down 


emus 





V^PJiLmiiS (tube 
nng aud Poupart*8 li 
waimTfWffTlw'^BSic spiue 5s a 
ilio-pectinea wliich marks the brim o 


atusfitujaaj 

iiaitairaTai 


omiual 
upwaras and out- 
, forming a part of the linea 
pelvis: to it are attached a 


extremity of the bom;. It affords attachment to th e, exami ned tgJOdo n_eOhe 
Intenud oblique and Transvcrsalis, ami to yxcTRiectus and. ryramiaiujs. ine 
point of jiimqion of the crest with Ihe inner border of me bone is called 
; tail, as well as to the symphysis. Um iuterpal,pijyim:^pf the cx 
abdomimd ring is^attas^iigd- iiUmml hordes is articular ; it is oval, cpyitfep 
by eight or nine transverse ridgi's, or a .series of iiipplo-like processes arranged 
iirfd^fs^sepatalcd by grooves ; they serve tor the^attaehment of a tlmx la^r 
of cartilage, placed between it and the central filirmeartilage. The QSiiSX^SS^mS 
presents a sharp margin, which femis part of the eireumference of tlie 
obturator foramen and affords attaiihmeiit to the obturator meipbyune- 

The ascending or superior"K'fl.mtiS (ranius^kiperior oss. pubis) extends 
from the body to the i»oiiit of junction of the pubi.s with the ilium, and forms 
the ujiper part of lh<% (iircumferenee of the obturator foramen. It presents 
for (ixamination superior, inferior, and posterior surfaces, and an outer 
extremity. The ^tu^erinr jiresents a continuation of the ilio-pectiiieal 

line, already mentioned as commencing at the pubic spine. In front of this 
lino, the surfaiic of bone is trianinilar in form, wider externally than 
internally, smooth, and is covered bv the i 'e.^-|in^fii- The surface is bounded 
externally by a rough emincncc, emmmtia 17io-pceiinm , wliich serves to indicate 
the point of junction of the ilium and pubis, and below by a prominent ridge, the 
ohtmator crest (crista obturatoi-ia), ’which extends from the cotyloid notch to 
the spine of the pubis, n’he inferior^i.rt'iic .e. forms the upper boundary of the 
obturator foramen, and nresents. cji't c rna llv. a broad and deep, oblique groove, 
for till! uassage of the y^ t nrato r ye^gpls aiid neWe ; arid Inreriially,' a sliarf* 
margin which forms part ot the circumference of the obturator foramen, and 
gives attachment to the obturator membrane. Tlmp<WtoW. 4 !jo/ace constitutes 
jiart of the anterior boundary of the liue peb is. It is smoofn7 convex from 
above dowuiwards, and affords origin to some fibres of the Obturator interims. 
'Fhe miter extremity, flie thickest part'of tlie ranni^, tdrth'a "bnb-liffh''6T tlio 
acetabulum. 


The descending or inferior ramus (ramus inferior oss. pubis) is thin and 
fiatteni^d. It passes outwards and downwards, becoming narrower as it 
diiscends and joins with the ramus of the ischium. Its (ivAeriiff^§u£fsijce is lough, 
ft*r the origin of muscles—the tlraeiliS along its inner border ; a portion of 
the Obturatdr/lSxternus where it enters into the formation ot^ie Obturator 
foramen ; and netween these two, the Adductoreirmevis et magrius from withipi ' 
outwards. Tlie po sterior s urfac e, is smooth, and gives origin to the Obturator ^ 
interrft»S7and, close'f(r{lRt''ifmer margin, to the domffij^orimetkrffi. Thjgijrujer ^ 
border is thick, rough, and everted, especially in lemaiei. ' ix presents two 
ridges, separated by an intervening space. The ridges extend downwards, 
and are continuous wdtli similar ridges on the ramus of the ischium; to tlie 
external is attached the fascia of Q qll es, and to the internal the sunerficial 
l aye r of the triangular ligament of the urethra. The outer feordgi’ is fnirTand 
snaxpfTform^l"|Jd¥t '6f'^'e Tircum^^ of'llie obturator foramen, and gives 

attachment to the obturator membrane. 

The acetabulum, or cotyloid cavity, is a deep, cup-shaped, hemispherical 
depression, directed downwards, outwai'ds, and forwards. It isfonued intci-nally 
by the pubis, above by the ilium, behind and below by the ischium ; a little 
less than two-fifthe being contributed by the ilium, a little more than two 
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fifths by the ischium, and the remaining fifth by the pubic bone. It is bounded 
by a prominent, uneven rim, which is thick and strong above, and serves for 
the attachment of the whicli contracts its orifice, and deepens 

the surface for artlculanoh. ir presents below a deep notcli, 

(incisura m?etabuli), which is continuous with a circular depression, thejfls^ 
at the bottom of the cavity : this depression is perforated by 
numerous apertures, and lodg es a mass of fat. The notch is converted into 
a foramen by the tninsverse llgtihient; llirough the foramen nutrient vessels 
.and nerves enter the joint; tli<* margins o f the notch serve for the attachmen t 

foramen (foramen obturatum) is a large aperture, 
situated between the ischium and pubis. In the male it is large and of an 
oval form, its longest dia.meter being obliquely from before backwards ; in the 
female it is smaller, and more triangular. It is bounded by a thin, unevenmargin, 
to which a strong membrane is attached ; and presents, sH|)morly, a deep 

J?'io. 380.—Plan of ossiticatiori of tlie os innoininatum. 


■n,, t „ * Thrve jirhiiarij {Ilium., I.hcIiiuiii, and Ch J’lihis) 

r.i, eight e,■Hires , 



The three nnmu rg eentres mute through y-sliiij)ri1 giece ahoiil jtiihertg. 

I't/ugligses iigjiear about imhcrtg, and mute ulioiit ‘ir>th gear. 

groove (sulcus obturatorius), which runs from the j)elvis obliquely inwards and 
downwards. 'L’his groove is convcj’ted into a foransen by a ligamentous baud, 
a specialised part of the obtiii’ator mcmbraiu*, attached to two tubercles, one 
(tul)crculum ol)turaf oriuni jiostcrius) on the internal border of the ischium, just 
in front of the cotyloid notch, ttuj .other (tubcrculum obturatoritiB ahtciius) 
on the inferior margin of the posterior surface of the ascending ramus of the 
pubis. Through tlu; foramen the obturator vessels and nerve pass out of the 
pelvis. 

Structure. —The thickest parts of the bone consist of cancellous tissue, enclosed 
between two layers of compact tissue. The thinner parts of the bone, as at th(! 
bottom of the acetabulum and centre of the iliac fossa, are usually semi-transparent, 
and composed entirely of compact tissue. 

Ossification (tig. 380).—n’h(> os innoininatum is ossified from eight centres: 
three primary—one each for the ilium, ischium, and pubis; and fi.ve secondary— 
one for the crest of the ilium, one for the anterior inferior spine (said to occur more 
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frequently in the male than in the female), one for the tuberosity of the ischium, 
one for the symphysis pubis (more frequent in the female than in the male), and 
one or more for the V-shaped piece at the bottom of the acetabulum. _ The 
centres appear in the following order : in the lower part of the ilium, immediately 
abov'e the sciatic notch, about the eighth or ninth week of foetal life ; in the body 
of the iscluum, about the thh-d month ; in the body of the. pubis, between the 
fourth and fifth months. At birth, the three primary centres are quite separate, 
the crest, the bottom of the acetabulum, the ischial tuberosity, and the rami oi 
the ischium and pubis being still caiiilaginous. Jiy the seventh or eighth year, 
the rami of the pubis and ischium are almost completely united by bone. About 
the thirteenth or fourteenth year, the three primary (centres have extendetl their 
growth into the bottom of the acetabulum, and are there separated from each 
other by a Y-shaped portion of cartilage, which now presents traces of ossification, 
often by two or more centres. (Jne of these, the os aedahuli, appears about the age 
of tw'clve, between the ilium and pubis, and fuses Avith them about the age of 
eiglit(>,e)i : it forms the pubic part of the acsetabuhun. The ilium and ischium then 
become join<!<i, arul lastly the pubis and ischium, through the* intervention of this 
Y-shaped portion. At about the. age of puberty, ossification takes place in eacli of 
the remaining portions, and they join with the rest of the bone between the 
twentieth and tw'entv-fifth years. ye])aratb centres arc frequently found for the 
pubic and ischial spines, and for the crest and angle of the pubis. 

Articulations.- T’he os innominatum artitalates with its fellow of llio upi)osite 
side, and with the sacrum and femur. 

Thk Ptslvis 

'liio Pelvis, so called from its n'seinblanoc to a basin, is stronger and 
mon; massively constructc(l than t lui walls (»f the cranial or thoi'acie cavities ; 
it is a bony ring. interpos<}d between Ihc movable vc^rtebraj of the S])inal 
column whicli it supports, and the lower limbs uijon whicdi it rests. It is 
composed of four bones : tlie two ossa innomiiiata laterally and in frotit; and 
tlx* sacrum and coccyx behind. 

The pc'lvis i.s divided by an oblitpie piano passing through tJio proniinence 
of the sacrum, tho linea ilio-poctinea, and the upper margin of the symphysis 
jnibis, into the false and true pidvis. The circumference of this plane is termed 
tJie pi/vir brim. 

'I’lic false pelvis (pidvis major) is tlie expanded portion of tiie cavity 
situated abovii and in front ol the pelvic Indm. It is bounded on each side bv 
the ilium; in front it is ineomfilcle, pro-scuiting a wide interval between the 
spinous pjooesses of l-lie ilia on either side, w'hieli is filled uj) in the recent state 
by tlie parietes of the abdomen ; behuid, in the middle line, is a deep notch. 
Its walls support the intestines, and transmit part of their weight to the 
anterior wall ol the abdomen; the term false pelvis is tlioi’cdore incorrect, and 
the space ought more pro])eiiy to be regarded as part of tlu5 hypogastric and 
iliac regions of the abdomen. 

The true pelvis (pelvis minor) is that jiart of tho pelvic cavity which is 
situated below and behind the pelvic brim. It is smalbw than the false pelvis, 
but its bony w'alls arc more perfect. For etmvetiienee of description, it is 
divided into an inlet bounded by the superior circumferenee, an outlet 
bounded by the inferior eiroumf(W(!iiee and a cavity. 

The superior circvnifereme forms the brim of the pelvis, the included space 
being called the inlet (apertura pelvis suptwior) (fig. 381). It is formed laterally 
by the ilio-pectineal lines, in trout by the crests of the pubic bones, and btdxind 
by tho anterior margin of the base of the sacrum and sacro-vcrtebral angle. 
The inlet of the pelvis is somewhat heart-shaped, obtusely pointed in front, 
diverging on cither side, and encroached upon behind by the projection 
forwards of the promontory of the sacrum. It has three principal diameters : 
iuitero-posterior, transverse, and oblique. The antero-posterior or mnjtignle 
diameter extends from the sacro-vcrtebral angle to the symphysis pubis ; its 
average measurement is four inches in the male, four and three-quarters in 
the female. The transverse diameter extends apross the greatest width of the 
inlet, from the middle of the brim on one side to the same point on the opposite: 
its average measurement is four and a half inches in the male, five and a 
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quarter in the female. The obliqup diameter extends from the ^o-peotineal 
eminence of one side to the sacro-iliac articulation of the opposite side ; its 
average measurement is four and a quarter inches in the male, and five in the 
female. 

The cavity of the true pelvis is bounded in front and below by the syra- 
pliysis pubis and the bodies of the pubic bones; above and behind, by the 


Fro. 381.—Diameters of the pelvic inlet (female). 



anterior ootifa\ e surfaces of the sacrum and coccyx, which, curving foi waids 
above .and b(‘low, contract the inlet and outlet of tlie canal ; laterally, by a 
broad, sniootli, quadrangular area of bone, coiTcsponding to (he inner suiface 
of the body of the iscliium and that ])ar(. of the ilium which is below (he ilio- 
poclineal lino. The cavity measures an inch and a half in deptli in front. 


Fio. 382.—Diameters of the pelvic outlet (female). 



three inches and a half in tlic middle, and four inches and a half posteriorly. 
From this description, it will be .seen that the cavity of the pelvis is a short, 
curved canal, considerably deeper on its posterior than on its anterior wall. It 
contains, in the recent subject, the pelvic colon, rectum, bladder, and part of 
the organs of genera^on. The rectum is placed at the back of the pelvis, and 
corresponds to the curve of the sacrum and coccyx ; the bladder is in front. 
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behind the symphysis pubis. In the female, the uterus and vagina occupy the 
interval between these viscera. . . , 

The lower circumference of the pelvis is yeiy ntiit is hminded 

hx it is named the inrfto (apertura pelvis 

bel.ind by the point of the coccyx ; and lak^aUy by the tub^oof the 
isihia. These eminences arc separated by three notches : one in front, the 



into foramina by the great and small sacro-sciatic ligaments. When tn 
ligaments arc in oitn, the outlet of (he pelvis is lozengc-sluiped boiin^ 
front, bv the siibpubic ligament and the rami of the pubes and ischia , 
bv the ‘ tuberosities of the iseliia ; and behind, by the groat sacro-sciati 


When the 
in 

sacro-sciatic 


Fig. 383.—Mesial sagitlnl 
st;ction of pelvis. 


ligaments and the lip of the coccyx. , 

The diameters of the outlet of the pelvis ^e tuo, f^tero-poslenor .ind 
transverse. The antero-msterior diameter extends from (he tip ot (Me (soceyx 
to the lower part of the symphysis jiubis , its average measurement is tbn^ and 
three-quarter inches in (lie mail*, and hve inches in tlie female. Jt varu. 

(lie length of the coccyx, and is capable of 
increase or diminution, on account of the mob:li(y 
of that bone. The transvejse diarmter, measured 
betwi'cn the jiosterior parts of the ischial tuber¬ 
osities, is three and a half inches in the male, 
and four and (hri'c-quarters in the female.* 

(fig. 3S3).—A line at right angles to 
the plane of the, inlet at its centre would, if 
])rolonged, pass through 1 lie umbilicus aboviiaiid 
the middle of the coccyx below: the axis of 
the inlet is therefore directed downwards and 
backwards. The axis of (he outlet, produced 
upwards, would touiih the base of tlie saeruni, 
and is also directed downwards, and slightly 
backwards. Th<* axis of the cavity—i.e. an axis 
at, right angiesto aseriesof jilanes between those 
of the inlet and outlet - is curvisd like the cavity 
itself : this luirvi* corresponds to the concavity 
of the sacrum and coccyx, the cxtri'inities being 
indicated by tin; central points of the inlet and 
outlet. A kiiow'ledgc of the diri'ction of these 
ax('s serves to explain the course of the fectus in 
its passage through the pelvis during parturition. 

Position of the pelvis (tig. 383).— In the 
erect posture, the p<*lvis is idaeed obliquely with regard to the trunk : the jilane- 
of the pelvic inlet, forms an angle of from .'>0° to 00'^, and that of the outlet 
one of about 15" wit h tht' horizontal plam*. The pelvic surface of the symphysis 
pubis looks upwards and backwards, the concavity of the sacrum and coccyx 
dow'mvards and forwards; the base of the sacrum in well-formed female 
bodies being nearly four inches above the uppi'r border of the symphysis 
pubis, and the a])ex of the coccyx a little more than half an inch above- its 
lower border. In eonsequenee of this obliquity of the pelvis, the line of 
gravity of the head, which passes through the middle of the odontoid 
jirocess of the .axis and the points of junction of the curves of the vertebral 
column to the sacro-vertcbrjil angle, desccmls towwds the front- of the cavity, 
so that it bisects a lino drawm transversely through the centres of the heads 
of the thigh-bones (see page 199). 

Differences between the male and female pelves.--The female pelvis 
(fig. 385) is distinguished from that of the male (fig. 384) by its bones being 
more delicate and its depth less. The w hole pelvis is loss massive, and its 



* 'I'he mca.surenients of tlie pelvis {jiven above arc fairly accurate, but ilifTerent mea.sniv- 
ments are given by various authors, no douiit clue in a great measure to (lilTc'ronce.s in the 
physique and stature of tho population from whom 1,he mca-sui’cments have been taken. 
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musculai' impreBsions are slightly marked. The ilia are less sloped, and the 
anterior Uiac spines more widely separated ; hence the greater prominence of 
the hips. The ivlet in the female is larger than in the male ; it is more nearly 
circular, and its obliquity is greater. The cavity is shallower and wider ; the 


Fro. 384.—Male pelvis. 



sacrum is shorler, wider, and its upper part is le.ss curved ; the ohluialoi- 
foramina are triangular in slia])o and smaller in siz<5 than in the imile. The 
fmtlet is larger and the coeeyx more movable. The Bacro-s<*iatie notelies are 
shallower, and the spines of the isehia project less inwards. TIu! tuberosities 


Fia. 38.'). — Feitiiile pelvis. 



of the isehia, and the acetabula are wider ajiart, and the former are more 
everted. The pubic symphysis is less deep, and the pubie arch is wider and 
more rounded than in the male, where it is an angle rather than an arch. 
In consequence of this the width of the fore part of the pelvic outlet is greater, 
a condition whicliTacilitates the passage of the foetal head during parturition. 
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The size of the pdvis varies not only in the two sexes, but also in different 
members of the same sex, and does not appear to be influenced in any way 
bj' the height of the individual. Women of short stature, as a rule, have 
broad pelves. Occasionally the pelvis is equally contracted in all its dimen¬ 
sions, so much so that all its diametei-s measure an inch less than the average, 
and this even in well-formed women of average height. The principal divcr- 
g(uices. however, are found at the inlet, and affect the relation of the antero- 
|K)8terior to the transverse diameter. Thus the iidet of tlie pelvis may be 
elliptical either in a transverse or an antero-posterior direction ; the transverse 
diameter in the former, and the antero-posterior in the latter, greatly exceeding 
the other diameters. Agaui, the inlet of tlit^ jadvis in some instances is seen 
to b<“ almost circular. 

The same differences arc found in various races. European women are 
said to have the most roomy ])elves. That of the negress is smaller, circular 
in shape, and with a narrow' pubic arch. TIh^ Kottenlots and Iluslnvomcn 
]K)ssess the smallest pelves. 

In the fmlvii, and for several years after birth, the pelvis is small hi 
proportion to that of the adult, and the projection of the sacro-vertebral angh' 
less maiked. The generally accepted opinion that the jadvis docs not acquire 
its sexual characterislics until after jiuberty has been shown to be erroneous,* 
lli<’ characteristic differences between th ' male and female pelvis being 
distinctly indicated as early as the fourthitnonth of foetal life. 

Siirfnri; Form. -Tlic [telvic botU‘K arc so thickly covered with muscles that it is only 
at certain points that they approacli the surface and <!an he felt through the skin. Tn 
Irorit. the anterior superior sj>inc of the iliiiiii is easily rocogniscil; a portion of it is 
sniH'ulancous, and in thin snlijecls may lie scon to stand out as a prominence at the 
outer extremii y of the fold of the groin. In fat siihjccts its position is marked by an ohliquo 
dcjircssion, at the bottom of which the liony proticss may be felt. Proceeding upwards 
and outwards from this process, the sinuously curved civst of tin* ilium may 1 mi traced 
throughout its w'hole length. Its highest point is on a level with the spinous process 
of tile fourth iiimbar vertebra: upon its outer lip, about two inches behind th<‘ 
anterior superior spine, is a promineriL tubercle. Tlie position of the crest is indicated, 
III muscular subjcids, by a grooi'c or fiiiTOW, the iVt'iw. furrow, below the projection 
of the flesliy libres of the E.vternal ohJiqne muscle of the abdomen ; tlie iliac furrow 
lies slightly below the level of the crest. It terminates behind in the posterior superior 
sjiino, the position of which is indicated by a slight de.pression on a level with tlie spinous 
process of the second sacral vertebra, lietweeti the two posterior superior spines, but 
at a lower level, is to be felt tiu' sjiinous jiroccss of the third sacral vertebra. Anothci 
part of the bonj |H'l\is which is accessible to touch is the tuberosity of the ischium, 
situated beneath tlie ghiUad told, and, when the hip is flexed, easily felt, as it is then 
line oviTed by muscle. Finally, the spmo of the [lubis can be readily felt, and constitutes 
an important surgical guide, espiieially in eunneetiou with the subject of hernia. It is 
in nearly the same liori/.ontal plane as the upi>cr edge of the great trochanter. In thin 
s hjeets it is very opiiarent, but in the olxssisit is obscured by the pubic fat. It. can, liow- 
ever. lie detected by fcdlowiug up the tendon of origin of the Adductor longus muscle. 

line .drawn from the anterior superior spine of the ilium to the most prominent part 
Jof the (uberosit.y of the ischium passes across the hip at a level with the upper border 
lof the great trochanter. It is know'n as Nclaton’s line, and is of service in detecting any 
displacement of the trochanter in frjictureS'or-dishMsatioiis in this situation. If a line 
'be drawn from the posterior superior spine of the ilium to the outer part of the tuberosity 
,t)f the ischium, it will cross the sjiinc of the ischium about four inches boloW the posterior 
(superior iliac sjiinc. The great sciatic foramen will lie aliove, and the lessor foramen 
•below this point. 

Applied Anaf.oin }/.—There is arrest of development in the bones of the polvis in cases 
of extroversion of tlm bladder; the anterior part of the pelvic girdle being deficient, 
the bodies of the pubic bones imperfectly developed, and the symphysis absent. ‘ The 
pubic bones ore separated to the extent of from two to four inches, the sui>erior rami 
shortened ajid directed forwards, and the obturator foramen diminished in size, narrowed, 
and turned outw’ui'ds. T’he iliac bones lu’o straightened out more than normal. The 
sacrum is very jieeuliar. The lateral curve, instead of being concave, is flattened out 
or even convex, with the ilio-sacral facets turned more outward than normal, while the 
vertical curve is straightened.’ t 


* Fchling, HiilUehr. fur Gchurt. u. GynUlt. Ikl. ix. und x.; and Arthur Theitisoii, Journal 
of Anatomy wad Phyxioloyy, vol. xxxiii. 

t Wood. Heath’s Dictivnary of Praotioal Surgery, i. 426. 
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Fractarea of the pelvis are divided into those of the false and those of the true 
pelvis. Fractures of the false pelvis vary in extent; a small portion of the crest may be 
broken, or one of the spinous processes may bo tom off, or the bone may bo extensively 
comminuted. This latter accident is the result of some crashing violence, and may be 
complicated with fracture of the true pelvis. These cases may be accompanied by injury 
to the inleistiae as it lies in the hollow of the bone, or to the iliac vessels ns they course 
along the margin of the true pelvis. A fracture of the true pelvis generally occurs thnmgh 
the ascending ramus of the pubis and the ramus of the ischium, as these are the weakest 
parts of the bony ring, and may be caused either by crashing violence applied in an 
antero-posterior direction, when the fracture occurs from direct force, or by compression 
laterally, when the acctabula arc pressed together and the bone gives way in the same 
place from indirect violence. Sometimes the fracture may be double, occurring on both 
sides of the body. It is in these cases that the contained viscera are likely to be injured: 
the urethra, the bladder, the rectum, the vagina in the female, the small intestines, and 
even the uterus, have all been lacerated by displaced fragments. Fractures of the 
acetabulum arc occasionally met with ; cither a portion of the rim may be broken off, 
or a fractura may take ])lace through the bottom of the cavity, and tlie head of tin? 
femur bo driven inwards and project into the pelvic cavity. Separation of the Y-shaped 
(iartilagoat the bottom of the acetahulnm may also oc<ur in the young subject, splitting 
the bone into its three j)ortions. 

The coccyx is not hdroquontly fractured or dis])laced forwards to nearly a right angle 
with the sacrum by kicks or by falls backwards. The fracture is attended with great 
pain in walking and on making any exjnratory effort, such .is coughing, d<!fa‘Cation. &c., 
i)ecauso the C;(K!(!ygeus, which is attached to this bone, forais part of the pelvic dia)tliragin. 
Falls or blows oii the coccyx, unaecoiffpanied by fracture, soinctimc's give rise to stsx'erc 
pain, which is cxceediTigly in tract abh? and difficult of (niiv. The condition is known as 
coca/cfndi/nia, and for its relief removal of tlie coccyx has been practised. 

The pelvic hones often undergo import.int ilcWmity in rictcln, the ctfects of wliieh 
in the adult woman may interfere seriously w'ith cliild-1 tearing. The delormity is due 
mainly to the weight of the spine and trunk, which ju-esscs on the sacro-i'crtobral angle 
and greatly increases it. so that the antcro-postcrior diameter of the jielvis is diminished, 
and may measure as little as 1 J inche-s, the entrance into the jiclvis becoming reiiiform. 
In otJier tiases all tlie })elvic bones give way, so that a general diminution in all the diaraetei’s 
of the ptilvis results, the jtcivie entrance becoming triangular or asymmctri<-al. If the pubic 
symphysis he forced forward.-?, the rickety pelvis may even come to resemble closely the 
deformed pelvis of osteomalacia ; in this disease the w^eight of the trunk causes an increase 
hi the saciro-vcrtebrul angle, and a lessening of the antero-posterior diameter of the inlet, 
and at the same time the ])re.ssure of the heads of the thigh-bones on the acctabula causes 
those cavities, with the adjatient bone, to be pushed upwards iuid backwards, so that the 
oblique diameters of the pelvis are also diminished, and the cavity of the pelvis assumes a 
tri-radiate shape, with the symphysis pubis pushed forwards. 

■ The Fbmuk 

Tfie Femur (tigs. 3S7 and 388), tlie longest, largest, and sti-ongest lione 
in the skeleton, is almost jierfeetly csylindrical in the greater jiart of its 
extent. In the erect postures it is not vertusal, being separated above fr6tn its 
fellow by a (sonsiderable interval, wbksh corresponds to the breadth of the 
pelvis, but inclining gradually downwards and iinvards, so as to approach 
its fellow towards its lower part, lor the purpose of bringing the kmsc-joint 
near the line of gravity of the body. The degree of tliis inclination vtiric's in 
dilTerent 2t<5i'SOJi8, and is greater in the female than in the male, on aecount 
of the greater breadth of tlie pelvis. The femur, like other long bones, is 
^divisible into a shaft and two extremities. 

The upper extremity (fig. 386) presents for examination a head, a neck, 
a great and a small troehantcr. 

Th e head (eaimt femoris), which is globular, and forms rather more than 
a liemispliorc, is directed upwards, inwards, and 
I)arl of its convexity being above and in front. 
with cartilage, in the recent state, except over a 
caratisjjfiiiimas), ivhich is situated a little below 
gives attacliment to the Imamentum teres. 

The neck (eollurn femonSrrs"*nSa5Ccned pyramidal process of bone, which 
connects the head with the shaft, and forms with the latter a wide angle. 
The angle is widest in infancy, and becomes lessimed during growth, so that at 
ljuberty it forms a gentle curve from the axis of the shaft. In the adult, the 
neck forms .an angle of about 125° with the shaft, but this varies in inverse 


a little loru ards, the greater 
rfacp is smooth c oated 
dejHcssed ovoid area" 
and beliind its centre; anc 
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proportion to the development of the pelvis and the stature. In consequence 
of the prominence of the hips and widening of the pelvis in the female, the 
neck of the thigh-bone forms more nearly a right angle with the shaft than it 
does in the male. It has been stated that the angle diminishes in old atje 
and that th e dire ction of the neck becomes horizontul, but this statementis 
founded oii SuiBDCcienl" evidtmco.^ that the angh' decreases 

during the jM‘riod of growth, but after full grow'th has be(‘n attained it does 
not usually undergo .uiy change, <‘ven in old age ; it varies considerably in 
different jicrsons of the sami* age. It is smaller in short than in long bones, 
and when the jk'Ivis is wide.* Th<‘ neck is flattened from before back¬ 
wards. eoniraeted in tlie middle, and broader externally than internally, 
'file \er<ieal diaiiK'ter of the outer half is increased liy tlie obliquity of 
lh(' lower edge, which .slopes dowmwards to join the .shaft at the level of the 
small tiochiinter, so that it measures one-tiiird more tlian the autoro- 
|K>sterior diameter. The inner half is smaller, and of a more circular shape. 
Till? aii[^riur surfa ce of thu-iieek is perforated by numerous vascular foramina. 
Tim po/ifirini swr/are is smiotli/'md W ITlWIlfllV 

anterior; it gives attachment to the iKijjttxinr.liail uf the cgpsular ligament 
ot flic hi])-joint, about half an im*li above *he po.steiior bitertrochanteru’ line. 

.f 

_ Fi(,. ;{«(). Upper cxtieiiutj of right iciii'i \ u-wed iioiii l.eluml and above. ’ * 



\\n' nor honftr is short and thick, and terminates externally at the great 
lroeliani(‘r; its surface is perforated by large foramina. The inferior border, 
long and namiw, <Mnves a little backwards, to terminate at the small 
troeiianter. 

The trochanters are prominent iiroei'sses of bone wliieb afford leverage 
to the muscles which rotate tin* thigh on its axis. Tliev are two in numlier 
the great and the small. ' ’ 

The great trochanter (troeiianter major) is a large, irregular, quadrilateral 
eminenee, situated at the outio’ side of tlie neck, at its junction with the uptier 
part of the shaft. It is directed a little outwards and baekw'ards, and, in 
the adult, is about three-quarters of an inch lower than the head. It presents 
for (‘xaniinatioii tw'o suriaces and four borders. The ^.xlprn/ll s',lr^nr^^ r^^^ a,ivi, 
in form, is broad, rough, convex, and marked bv a diagonaliSpressinn. 
which e^ndiLfrom the nostero-s 
sorvesfor the mier^ 
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than the . at -' - 

mt^r flytemna and above stv^m 
front of this an impression for the 
insertion of the Obturator mterm^s 
aUidjGemeUi. The mj^rior homer is 
free ; it is thick arid irregular, and 
marked near the ceii 'e by an im¬ 
pression for the iii>^ ‘tion of the 
i^jriformis. The *7a' m or border. 
corresponds to the line of'^unction 
of the base of the trochanter with 
the outer surface of the elbaft; it 
is marked by a rough, prominent, 
slightly curv^ed ridge, A'mich gives 
f»rigin to the upper part of the 
\^astu8 externufe. The ankrmr harder 
is prominent and somewhat irre¬ 
gular ; it atfords iusejjaon at its 
outer part to the Glufe^minim iiK 
The 'posterior border is \'ery pi'omi- 
nent, and appears as a free, rounded 
e^e, whieh bounds the back pai't 
^nrnie digi tal fossa. 

The small trochanter (tro- 
ehanter minor) is a conical eminence, 
which varies in size in different sub¬ 
jects ; it. projects from the low er and 
iiack part of the base of the neck. 
Its hose is triangular, and connected 
with the adjacent parts of the bone 
by tliree well-marked borders : two 
of these are above—t he «?der»ial con¬ 
tinuous with the lower border iif 
the neck, the external with the ])os- 
terior intertroclinnterie line—wliile 
the inferior border is eontinuous w ith 
the middle division of the linea as- 
]jera. Its snmmit, directed inw'ards 
and backvvanls, is rough, and gives 
insertion to the timdon of the Psoas. 

A web-illarkeff''jirormiibnee, of 
variable size, which projects at the 
junction of the upper jiart of the 
neck with the great Iroehanter, is 
called the tvJ)erde oi Ihp jeniur ; it 
IS the point of meeting of five 
muscles : the Giut^sjcftU 3 ,ii^%.ex- 
tetnaily, the V astuB^xtemus^belm v. 
and the tend^ of ihe Obtwic^or 
in ternus and twi) above. 

iTunnihg obliquely Uownwards and 
inwards from the tubercle is the 
linx. of the femui; or 
^^^o«h&mieric' Une (linea intertru- 
ehanterica) r*lt winds round the 
inner side of the shaft, below the lesser 
trochanter, and terminates about 
two inches below this eminence in 
the linea aspera. Its upper half 
iB«MOjjigt^and affoiji^SKaSB^enF 
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OBTUBATOXt BXTHBMUB 


_.JnHroKirquoly 

ilo^wardfl and inwards from 
the summit of the great tto- 
ohanter on the posterior surface 
of the-neck is a very prominent 
ridge, the ‘p mtvriur 
chiuteric fo'w (cnsla inter! ro- 

(T?imf^-ay. Its_ 

torms tlio postimor border of 
t ]ic‘ gre^t troclianter, and ifs 
UmTr liaTl runs dow n\\ ards and 
Jiiwards to the upper and back 
part of tile lesser troclianter. 
V slight ridge is sometimes seen 
(ojumeru-Tu^ atMiuTtlielniflttl? of 
the 'po.sl’eilof 'ffiTc'rliocTiaideire 
line, and' passing vertically 
dow tin ards for about 1 wo inches 
alongthe back part of the shaft . 
if is called the lima quadraia, 
ahd gives uttachnu'iit to the 
Uuadr^iis* fefn6ff<r Jtffd a few 
fitit es of the Addurtor maguuii. 
(Tenerairv 'flMWt'' *is m(>fety 'a 
slight thicki'iiing about the 
middle of the inteitiochanteric 
line, inaikiiig the atta( hment of 
tin ujipei jiait of the* Quadrat us 
fenioiis This is tm med by some 
anatomists tin* tuhirrU ot ihi 
Qii( tflra tuj<. ' 

~Tlie shaft (coipus fmnoris) 
IS almost (“ylindiical m foim, 
but is a littlebioadeiabovetlian 
in the centre.bioadest andsonu' 
what fl.ittenedfnnn bcfoii'baek 
waids bi'low. It is slightI_\ 
•uthed, so as to be com ex in 
IIout,and concave behind. \i lure 
if IS strengthened by a jiroini 
nent longitudinal i i<lge, the fun a 
aspiia. It piesentsfoi examina 
tion tliiee borders, .si'jiarating 
three surfaces. Of the three 
borders, one, tJu' linea espeia, 
is posterior ; the otliei two aie 
jilactsl laterally. 

a pfOTSTfil('ii'lf''?<mJ!(lftldinal iidge 
or eri*st, on the middle third of 
the bone, presenting an inner 
and an outer lip, and a nar- 
niw', rough, intermediate space. 
4bovo , the line.li. aspera is pro - 
laigffl by ihrnfi ridgqT"" b he 
external ridge is very rough, 
and runs almost vertietuly 
upw-ards to the base of the 
great trochanter. It is termed 
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tufcbrositas sfluteiea). and cives attachment to part of the Gluteus 
pper part is often elongaTOd into ar8tI4;heiiyu fih whicha 
.-marked, rounded tubercle, the trochanter lertiwt, is occasionally 
developed. is continued to the base of the 

small trochanter and pivita nl,t,^ ,<‘him«ntJotb^^ ; the internal ridge is 

lost above in the spiral line ot t!ie'lemur ; betweeit »■ i^ortin n of the 

ia Below, the liiiea aspera is prolonged by two lidges, 

enclosing between them a triangular area, the podite^^^^%rj'acc (planum 
popliteum), un on which the poplite td artery mj|jS. Of these two ridges, the 
outer is the nail's |miWlhentr aiJctWsc&hdsTi^lie summit of the external 
■ condyle. T^.mpffl-,ia less.markgl, osp^ciallY at its upper part, where it jg 
crossed by the lomofal artery . It termThales. beTow, at the summitT of the 
internal conayie, m a small tubercle, the mfd tffi f pr -iabcrcfc. wj).itth affords 
inspirt.jnp^ to the tendoii of the A dductor magnus. 

From theTnneF Jip (labium mediale) of the linea aspera and its inner 
prolongations above and b(‘lou, the V^ astus iut<>rnu3 arises : and from‘the outer 
lip (labium laterale) and its outer prolongation above, the Yastus extemus 
takes origin. Tlin^d«luctop znagnus i s insertefLinl^p the linea aspcraTttyy* 
outer jzrolnniratiioTi .altove. and 'ns Inner nrolongatuni below. Bel w W’'It IIw 

the Gluteus maximus insz'rled above and the short head of the Biceps ansing 
Ijplpw. B etw een the Addpetor magiius and t he y astus intern us 'four mu§ch* s 


meS^BT itrm 
JSoreorTess well 


I'm. 380.—Loucr extrcmilv ol light temiii ■viewed fioni below. 


— luHi I i/KuHf 



l/tnf i tnln 
Sf /iilfnHtti (tidi 


/ 


/ 


ri'vih an\ 


Hj-n jnsu»rlefl : the llidcus and IVctineus above; tin* Adductor Im*' 
Adductor longus below. Tlie liliea aspera is p-rforated a little below its eeiiire \ 
by the nutHent canal, wliieh is directed obliquely upwards. 

The two lateral borders of the femur are oidy slightly marked; the outer 
extends from the antero inferior angle of llio great troelianter to the ant(*ri<>r 
extremity of the external condyle ; the inriiw from the spiral lini', at a point 
opposite the small trochanter, to the aiiteiiorextremity of the mternal condyle. 
The inner border marks the intenial limit of attachment of the t'rureus. 

The anterior surface includes that portion of the shaft which is situated 
between“tficTwo lulbi^al borders. It is smooth, convex, broader above and 
below than in the centre, and slightly twisted, so that its upper part is directed 
forwards and a little outwards, its lower part forwards and a little inwards. 
From the upper three-fourths of this surface the Grure|^ arises; the lower 
' fourth is s<*parated from the muscle by the intervenTlbn of the synovial 



he great trochanter, below with the outer surfabe of the external condyle : 

. _ _ j-T _ 1 _ A.i-_ xi--_ _A. .._ .i..! _i 1. _ r\ _ __ 


the neck, hdow w'ith tlie inner side of the mternal condyle : itjg„^,ggvgredJ^ 
the VafltUB internus. 
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The lower ext remity (fig. 389)/ larger than the upper, is somewhat 
cuboid UUl ICs Imhsverse diametergreater than its antero-jmsterior: 

it consists of two lateral oblong eminences knowoi as thejgtuuZgfLw. In front, the 
condyles are but slightly prominent, and are separated from one another by a 
smooth shallow articular depression called the trnrhlen ; behind, they project 
considerabW and the interval between them forms a d<‘cp notch, the inttr- 
condyUnd r^h (fossa intercondyloidea). The external condyle (cfindylus lateralis) 
is the moJ^ prominent and the broader both in its antero-posterior and trans¬ 
verse diajnoters; the internal condvle (coudylus medialis) is the' 


_ _ _ _ aaMa 


two condyh's lie practically in the same horizontal plane. The condyles are not 
quite parallel with one another; the long axis of tlio extc*mal is almost directly 
antero-posterior, but that of the internal runs backwards and inwards. Their 
opposed surfaces, viz. the inner surface of the external and the outer of 
the internal, are small, rough, and concave, and form the lateral walls of the 
interoondyloid notch. This notch is liniited above by a ridge, the linea inter- 
coudt^di^, and below by the central part of the posterior margin oF the 
trochlear suiface^. The posterior crucial liyanipnt of the knee-ioint is att^hed 
to the lower and front mrt or “he inner w all of the notch ancT the antenor 




srais^eacli 

osit 





l^aiiUiUaUUMi 


us. Luat on tJie externaJ conayie, 
^ , , nayius' inifTHiis;,'“Bmaller and less prominent than 

the iTit™*r^!^aUa^ I htoil .. ij a MM e Tit nt i ijiv ., 

joint . Directly Dorow it is a small de])reRwon from which a smooth well-marKea 
gfTOve curves obliquely upuards and backwards to the posti'rior extremity 
of the condyle. This groove is sejiarated from the articular surface of the 
condyle by a prominent lip across nhieh a second, shallower gioovc runs 
vertically donnwards from the depression. In the ri'cent state these gnioves ‘ 
are coven^d with cartilage. '1^*.Fppiiteus arises from the.depreawon : atg. 

iii, )^gfd,P) llip ;i Vfley^d an d in, the ■ 

\prtleal groove uhen the Knee is e xtende d. Above and behind the outeiv 
tuberosity is an Hit' hflglll (Jl the'gtttcf hca4 of tUf* (j!h»U'0«he»WMi», 

above and to the inner side of muIcIi the Piautaris arises. 

The articular sur/ace of the lm\«*r end of the femur occupies the anterior, 
inferior, and posterior surfaces of the condyles. Its front part is named the 
trochlj^ i^WH patii^is) and articiihites.:MdiJi tliy na^plla : it presents a 
median groove vhich exfenos aowniiards to the and 

two lateral convexities, the external of wliich is broaderTmorepromineiit. 
and extends farther upwards than the internal. The lower and posterior 
jiarts of the articular surface constitute the tibial sur/ae^ for articulation 
wdth the corresponding tuberosities of the tnua^TWilt Bffgplimar 
These surfaces are separated from one another by the interoondyloid notch 
and from the trochlea by faint grooves which extend obliquely across the 
condyles. The outer of these grooves is the better marked ; it runs outward 
and forwai-ds from tJie front part of the interoondyloid notch, and expands 
externally to form a triangular depression. When the knee-joint is fully■*" 
extended, the outer triangular part of this groove rests upon the anterior portion 
of the external semilunar cartilage, and its inner part comes into contact with the 
inner margin of the outer artieular surface of the tibia in front of the external 
tubercle of the tibial spine. The inner groove is less distinct than the outer. 

It does not roach as far as the intcrcondyloid notch and therefore exists only 
on the inner part of the condyle ; it receives the anterior edge of the intemm 
semilunar cartilage when the hjoee-joint is extended. Where the groove ceases 
externally the trochlear surface is seen to be continued backwatm as a semi¬ 
lunar area close to the anterior part of the interoondyloid notch ; this semi- 
mn^ area articulates with the internal vertical facet of the patella in forced • 
flexion of the knee-joint. The tibial surfaces of the condyles are convex from 
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side to side and from before backwards. Each presents a double curve, its 
posterior segment being an arc of a circle, its anterior, part of a cycloid.* 


Fio. 390.—^Longitudinal section of head and neck of femur. 



Structure.—The shaft of the femur is a cylinder of compact tissue, hollowed 
by a large medullary canal. The wall of the cylinder is of great thickness and 
density in the middle third of the shaft, where the bone is narrowest and the 

medullary canal best formed ; but above 
Fra. 391.— Scheme showing disposition of and below this the wall becomes thinner, 
principal cancellous lamcltT.' in upper while tlie medullary canal is gradually 

filled up by cancellous tissue, so that the 
upper and lower ends of the shaft (fig. 390), 
and the articular extremities more 
especially, consist of cancellous tissue, 
invested by a thin compact layer. 

The canceUl in the ends of the femur 
are disposed along the lines of greatest 
pressure and tension. In the upper end 
(fig. 391) the chief lamellee are arranged in 
the following manner. A series of bony 
planes at right angles to the articular 
surface of the head converge to a central 
dense wedge, which presents few and dense 
cancelli. The wedge is supported by 
strong lamellae, which extend to the sides 
of the neck and are specially marked along 
its upper and lower borders. Any force therefore applied to the head of the femur is 
transmitted directly to the central wedge and thence to the junction of the neck 

• A oycUAd is a curve traced by a point in the circumference of a wheel when the wheel is 
rolled along in a straight line. 


extremity of femur. 
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with, the shaft. This junction is specially strengthened by a series of dense lamellse 
which extend from the lesser trochanter to the outer end of the superior border of the 
neck; this arrangement will obviously oppose considerable resistance to either tensile 
or shearing force. A smaller bar stretching across the junction of the great trochanter 
with the neck and shaft resists the shearing force of the muscles attached to this 
prominence. Tlicse two bars, one at the junction of shaft and neck, the other at the 
]un(!tion of shaft and great trochanter, form the upper layers of a series of arches 
which extend across between the sides of the shaft and transmit to the shaft forces 
applied to the upper end of the bone. In the midst of the cancellous tissue of the 
neck is a vertical plane of compact bone, the femoral spur {cakar femorale) which 
commences at the point where the neck joins the shaft midway between the small 
trochanter and the internal border of the shaft of the bone, and extends in the 
direction of the digital fossa (fig. 392). This materially strengthens this portion of 
the bone. Another point in connection with the structure of the neck of the 
femur requires mention, especially on account of its influence on the production 
of fracture in this situation. It will be noticed that a considerable portion of 
the great trochanter lies behind the 
level of the posterior surface of the 
neck, and if a section be made 
through the trochanter at this level, 
it will bo seen that the posterior wall 
of the neck is prolonged into tlie 
trochanter. This prolongation is 
termed by Bigelow the ‘ true iicck,’ 
and forms a thin, dense plate of 
bone, which passes beneath the 
posterior intertrochanteric ridge 
towards the outer surface of the 
bone. 

In the lower end, the cancelli 
spring on all sides from the inner 
surfa(;e of the cylinder, and descend 
in a perpendicular direction to the 
articular surface, the cancelli Ixung 
strongest and having a more accur¬ 
ately perpendicular (x)urse above 
the condvlcs. In addition to this, 
however, horizontal planes of can¬ 
cellous tissue arc to be seen, so that 
the spongy tissue in this situation 
presents an appearance of being 
mapped out into a series of cubuuil 
‘•omparrments. 

Articulations. — The lemur 
articulates with three bones : the 
08 innominatum, tibia, and patella. 

Ossification (fig. 393). — The 
femur is ossified from fve centres : 
one for the shaft, one for the 
head, one for each trochanter, and one for the lower extremity. Of all the 
long bones, except the clavicle, it is the first to show traces of ossification; 
this commences in the middle of the shaft, at about the seventh week of 
foetal life, and rapidly extends upwards and downwards. The centres in the 
epiphyses appear in the following order: in the lower end of the bone, at the 
mnth mouth of foetal life (from this centre the condyles and tuberosities are 
formed); in the head, at the end of the first year after birth; in the great 
trochanter, during the fourth year; and in the small trochanter, between the 
thirteenth and fourteenth years. The order in which the epiphyses are joined to 
the shaft is the reverse of that of their appearance: they are not united until after 
puberty, the small trochanter being first joined, then the great, then the head, 
and, lastly, the inferior extremity, which is not united until the twentieth year. 




Fio. 392.—Calcar fomoralc. 

Ureal trorhanler 


. Diyilal fossa 



Uniall 
t rorlianlef 


Sigolow on, the Hip, Philadelphia, 186!). 
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Surface Form.—The fomur is covered with muscles, so that in fairly muscular subjects 
the shaft cannot bo detected, and the only parts accessible to the touch are the outer 
surface of the great trochante and the lower expanded end of the bone, ^e situation 
of the great trochanter is generally indicated by a depression, owing to the thickness of the 
Gluteus medius and minimus, which project aWve it. When, however, the thigh is flexed, 
and especially if it be crossed over the opposite one, the trochanter produces a blunt 
eminence on the surface. Tlic upper border is about on a level with the centre of the hip- 
joint, and is indicated by a lino drawn from the anterior superior spine of the ilium, ov'er 
the outer side of the hip, to the most prominent point of the tul)erosity of the ischium. 
This is known as N^laton’s line. The outer and inner condyles of the lower extremity 
are accessible to the touch. Tlie outer one is more subcutaneous than the inner one, 


and readily felt. The tuberosity on it is comparatively little developed, but can be 
more or less easily recognised. The inner condyle is more thickly covered, and this gives 
a general convex outline to this part, especially when the kne(! is flexed. The tuberosity 
on it is easily felt, and at the upper part of the condyle the sharp adductor tubercle for the 
insertion of the tendon of the Adductor magnus can be recognised without difficulty. 
When the knee is flexed, and the patella situated in the interv'al between the condyles 

and the upixsr end of th»' tibia, a part 

Fic. 393.-Plan of ossifleation of the femur. trochlear surface of the femur 

From five centres. ^ made out above the i)atclla. 
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of the trochlear surface of the femur 
can be made out above the i)atclla. 

Applied Anatomy. —^Thcre, arc one or 
two points about the ossifleation of the 
femur bearing on practice to w'hich 
allusion must lie made. 1’hc lower end 
of the femur is the only epiphysis in 
which ossification has commenced at 
the time of birth. The presence of this 
ossific centre is, therefore, a proof, in 
a newly born child found dead, that tJie 
cliild has arrived at the full 2 >criod of 
utcro-go.slation, and is always relied 
upon in niedico-lcgal investigations. 
The position of the epiiihysial line 
should be carefully noted. It is on a 
level w'ith the adductor tuln'role, and 
the ejiiphysis docs not, therefore, form 
the whole of the cartilago-clad portion 
of the lower (>nd of the bone. It is 
essential to bear this point in mind in 
performing excision of the knee, since 
growth in length of the femur takes 
place chiefly from the lower e])iphysis. 
and any interference with the cjiiphysial 
cartilage, in a young child would involve 
such ultimate shortening of the limb, 
from want, of growth, os to render the 
limb almost useless. Separation of the 
lower ejiiphysis may take [jlaco uj) to 
the age of twenty, at which time it be¬ 
comes completely joined to the shaft 
of the bone ; but, as a matter of fact, 
few cases occur after the age of sixteen 


or seventeen. The epiphysis of the 
head of the femur is of interest principally on account of its being the seat of origin, in 
a large number of ca.scs, of tuliereulous disease of the hip-joint. In the majority of 
cases the disease begins in the highly vascular and growing tissue at the end of the shafl 
in the neighbourhood of the epiphysial cartilage, and extends into the joint. It should 
be noted that the cjiiphysis for the head is entirely intracSipsular. 

Fractures of the femur .are divided, like those, of the other long bones, into fractures 
of the upper end ; of the shaft; and of the lower end. The fractures of the upper end 
may be classified into (1) fiwjture of the neck; (2) fracture at the junction of the neck 
with the great trochanter ; (3) fracture of the great trochanter ; and (4) separation of the 
epiphysis, either of the head or of the groat trochanter. The first of those, fracture of 
the neck, is usually termed intracapsular fracture, but this is scarcely a correct 
designation, as, owing to the attachment of the capsular ligament, the fracture is 
partly within and partly without the cajisulo when the fracture occurs at the lower 
part of the nock. It gmerally takes 2 >laoe in old people, principally women, and usually 
from a vary slight degree of indirect violence. Probably the main cause of its occurrence 
in old people is the senile degenerative change which takes place in the bone. Merkel 
believes that it is mainly due to the absorption of the . calcar femoiale. As a rule the 
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fragmente become united by fibrous tissue, but frequently no union takes plane, and the 
opjHwed surfaces become smooth and obumated. 

Fractures at the junction of the neck with the great trochanter are usually termed 
exira-capsular, but this designation is also incoixoct, as the fracture is partly ^thin '^e 
capsule, owing to its attachment in front to the anterior intertrochanteric line, which 
is situated below the line of fracture. These fractures are produced by direct violence 
to the great trochanter, as from a fall laterally on the hip. From the manner in wliich 
the accident is caused the neck of the bone is driven into the trochanter, where it 
may remain imx>acted, or the trochanter may bo split into two or more fragments, 
disirapaction resulting. 

Fractures of the sliaft may occur at any part, but the most usual situation is 
at or near the centre of the bone. They may be caused by direct or indirect violence. 
Fractures of the upj>er third of the shaft are almost always tlie result of indirect 
violence, wliile those of the lower third are the result, for the most part, of direct violence. 
Fra(!tures of the shaft are generally oblique, but they may be transvereo, longitudinal, 
or spiral. The trartsverso fraetui'c occurs most frequently in children. The fractures of 
the lower end of the femur include transverse fracture above the condyles, the most 
common ; and this may bo com|)licatcd by a vertical fracture between the condyles, 
constituting the T-shaiK'd fracture. In these cases the popliteal artery is in danger of 
being wounded. Oblique fra<!turo separating either the internal or external condyle,, and 
a longitudinal incomplete fracture lH*t\v'cen the condyles, may also take ytlace. 

Tlio femur as well as the other bones of the leg is frequently the scat of acute osteo- 
tnyelitis in children. 'I'liis is no doubt due to their greater cxjjosure tf» injury, which is 
often the exciting cause of this disease. Necros' ■■ of portions of the diaphysis frequently 
ensues, ospocialJy in the region of the popliteal surface of the femur, and the disease 
may continue for years, great trouble being experienced with discharging simisits which 
2 )criodically close and reopen to allow of the exit of a pic'ce of dead bone. 

Tumours arc not infrecpieutly found growing from tho femur: the most common 
forms being sarcoma which may grow either from the ixsriostoum or from the medullary 
tissue within tlie interior of the bone, and exostosis which commonly originates in the 
neighbourhood of the c'-piiiliysial cartilage of the low'or end. The periosteal sarcomata of 
the lemur and most of the centra.1 growths arc usually of a very high degree of 
malignancy; although the ‘ myeloid ’ grow'th, which nowadays camiot be clas.spd as a 
malignant tumour, ma.y also be found. The region of the lower ci>ij>byBial lino is by far 
tlie commoner seat for all these tumours, and it should be noted that tlu- lower epiphysis 
has the longest period of iictive growth, and that these tumours usually begin to grow 
towards tho end of tlic period of active growth. 

Sarcomata about the upiier end of the fomiu’ are seen occasionally, but very rarely 
in comparison with those at the lower end. Secondary carcinoma also occurs in this 
bone, most commonly duo to a primary hjcus in tho breast, and s 2 >oiitaiieous fracture 
of the bone may take 2 >lacc in these cases. 

/ 

The P.vtei,la 


The Patella (lius. 394 and 395) is ii flat, triangular bone, .situated at tin; 
anttnror part of the knee-joint. It is usually regarded as a .wsamoid bone, 
"^^TVqtptl in the Qnadyjeeps eytetisnr and resombles these bones 

(1) in being developm’TrTa tendon*! (2) in its centre of ossification presenting 
tubercular 

Fic. 394.—Right patella. 

Anterior surface. 


Fio. 396.—Right juiteila. 
Posterior surface. 


a knotty or 
outline ; (3) in being com¬ 
posed mainly of dense can- 
ocUous tissue. It stn-ves 
to i)roU«!t the front of the 
joint, and increases the 
leverage of the Quadriceps 
extensor by making it act 
at a greater angle. It 
presents an anterior and 
a posterior surface, throe 
borders, and an apex. 

The 

is convex, ijcrforatoa by 
small apertures, for the passage of nutrient vessels, and xian.T^]|epiL hv 
rmd i^Jon i - - - - 

e^m^ion 
beIow~ 






orif,|^^^iyin,l .jaf.rig* T his surfana is in the recent state, byjfctt' 

from the tendon of flif) tJ^adriceps extensor, wliich is continuous 


- the ^iiiiwirfjpi»^l 

from the integument by a bursa. T]ie "iWface {facies articulans) 
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Fio. 396. — Bones of the right leg. 
Anterior surface. 

Capsular ligament 


/ftsluld process 


\ ligament 


FIBUl 


Capsular 

Hga/ment 



Internal mnlleohis 


presents above a smooth, oval, 
articular area, covered with car¬ 
tilage in the recent state, and 
divided into two facets by a 
vortical ridge, which descends 
from the superior border towards 
the inferior angle of the bone. 
The ridge corresponds to the 
groove on the trochlea of the 
femur, and the two facets to the 
inner and outer parts of the same 
surface; the outer facet is the 
broader and deeper. Below the 
articular surface is a rough, con¬ 
vex, non-articular depression, the 
lower half of which gives attach¬ 
ment to the ligamentuin patellae ; 
the upp er hftl f is separat ed f rom 
the h e ad .thfi. tJbia'By adipose 
tissue. 

tl’he superior border (basis 
patellae) is thick, and sloped from 
behind, downwards, and forwards: 
it gives attachment to that, por- 
^ tion of the Quadriceps exttmsor 
which is derived from tJie Kectus 
and Crureus. The lateral borders 
are Oiinher, converging below : 
tlicy give attachment to those 
portions of tlie Quadriceps ex¬ 
tensor which arc derived from the 
external and internal Vasti. 

The apex (apex patellae) is 
pointed, and gives attachment to 
the ligamentum pateUoe. 

Structure.—The patella consists 
of a nearly uniform dense can¬ 
cellous tissue, covered by a thin 
<’.ompact lamina. The cancclli 
immcJiatcly beneath the anterior 
surface are arranged parallel with 
it. In the rest of the bone th(iy 
radiate from the posterior articular 
surface towards the other parts of 
the bone. 

Ossification. — The patella is 
ossified from a single centre, which 
usually makes its appearance in 
the second or third ye.ar, but may 
be delayed until the sixth year. 
More rarely, the bone is developed 
by two centres, placed side by 
side. Ossification is completed 
about the age of puberty. 

Articulations. — The patella 
articulates with the femur. 

Surface Form, — The external 
surface of the patella can be felt in 
front of the knee. In the extended 
position of the limb the inner border 
of the bone is a little more pro¬ 
minent than the outer, and if the 
Quadriceps extensor be relaxed, the 


External malleolus 



PATELLA 



bone can be moved from side to side and appears to be loosely fixed. When tJje joint is 
flexed, the patella recedes into the hollow between the condyles of the femur the 
upper end of the tibia, and becomes firmly applied to ttie femur. 

Ajypiied Anatomy .—The main surgical interest about the patella is in connection with 
fractures, which are of frequent occurronco. They are most frequently produced by 
muscular action—that is to say, by violent contraction of the Quadriceps extensor, while 
the limb is in a position of semiflexion, so that the bone is snapped across the condyles, 
and the fracture is transverse. Fracture of the patella is also produced by direct violence, 
such as falls on the knee, and here the fracture is usually stellate and the bone 
comminuted. The principal interest in these cases attaches to their treatment. Owing to 
the displacement of the fragments, and the difficulty there is in maintaining them in app<Mi- 
tion, union takes place by fibrous tissue, and this may subsequently stretch, producing 
wide separation of the fragments and permanent lameness. Truly satisfactory resulto 
after this fracture are generally only to be obtained by ojicning the joint and wiring the 
fragments together, and this is especially so when there is marked separation of the frag¬ 
ments owing to laceration of the lateral aponeurosis. 

It is an anatomical possibility, if the fracture involve only the lower and non-articular 
part of the bone, for this to take place without injury to the synovial membrane and 
without involving the cavity of the knee-joint. 

The Tibia 

The Tibia (figs. 396 and .398) is situated at the front and inner side of the 
leg, and, excepting the femur, is tlie longest and largest bone of the skeleton. 
It is prisnioid in form, expanded above, where it enters into the knee-joint, 
more slightly enlarged below. In the male, its direction is vertical, and parallel 
with the bone of the opposite side ; but in the female it has a slightly oblique 
direction downwards and outwards, to compensate for the greater obliquity 
of the femur inwards. It presents for examination a shaft and two cxtrcmitie,s. 

The up p er extremit y, or head , is large, and expanded into Wo lateral 
eminencesTtK^fMlier ^^ ^^^i. 'jhe .ra perior sur face, (facies artieularis superior) 
presoi ifa^j^j^, ftinnnf.b One on either side of the middle line 

(flg. 397). The inner of these is oval in shape?, and slightly concave from side 

Fig. 397.—Upper surface of right tibia, showing attachment of crucial ligaments 

and semilunar cartilages. 



to side, and from before backwards. The outer, nearly circular, is concave 
from side to side, but slightly convex from before backwards, especially at 
its posterior part, where it is prolonged on to the posterior surface for a 
short distance. The central portions of these facets articulate with the condyles 
of the femur, while their peripheral portions support the semilunar cartilages 
of the knee, which here intervene between the two bones. In the middle 
line, but nearer the posterior than the anterior aspect of the bone, is an 
em'inence, the of t ^p t ibia (erainentia intorcondyloidea), surmounted 

on either side by a promment tubercle, on to the lateral aspects of which the 
facets just described are prolonged; in front of and behind the spinous 
process are rough depressions for the attachment of the antOTior and posteiior 
cnjm^Jigament8^ndJh|^,jgjr|ilunaMfibroHCMti|^^ (fig. 397). 'rne_awierH>r 
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Tatcriilis) jirc^iOiits pqgteriorT 

dii('C‘t«’(l dojimvanlK^ 


of the tuberositiefl arc coiitiiiuoiiB w ith ono another, forming a aiuglc 
large somewhat flattened area: tliis area is triangular, broad above, and 
perforated by large vascular foramina : narrow below where it terminates in a 
prominent oblong elevation of large size, th^ tubercle of tlie tibia (tuberositas 
^biee), wjjjc h gives attachm ent to the ligamentum 2iatMlSP*?"tfSursa intervenes 
between the dei'p surface or 'flK- *AhtlTtTe pfirt of the* bone immediately 

above the tubercle. Eogtfrifwhj the tuberosities arc separated from each 
shallow dcpreasion^ncwhich th 

parPm^^^ ^sfermf cruciia^anicuf, aim 1^ the TiostmorJ^Mment of 
tne iTee-fgfritr “ TJif}^nnertuberositj/ (eondylus inedialis) nrcsentsJS^tcriflrly 
“PfJP Transverse groo’^B^fui "thB' insert ion of the tendon oniie Bcm i- 
nie^ganos^ ItsJaM is conve.v, roiigl. a 1 i(i proinineut ;u gives 

aenmeni tf) the micm^ laferal'^amcut . The ojiUrtubnm^ (comiylus 

./ a mil articular facet,^iicail\' ciroi'iiar in fomi, 

:ii[‘hw~a^yanrr>umyaTO^j^ 

—IT__ its l^ttaral s^rjace is e<>iivc\ and rough, more prominent in front 

til in Inc JiiteniaT: it jwx'seiits an eminence, situated on a level vith the ujipev 
bonier ot tJie tubercle of the tibia at the junction of its anterior and outer 
surfaces for the attachment of the ilio- t ibial ba nd. Just below this a part 
of the Kvt cvisor lo ngus j^igit oiiini ta T^mignfltlfCT a slijajmm the Biceps 

tibiie) is of a triangular jnismoid form, broad above, 
gradiiallytleereasitig m size to tlie eoinmeiieemeiit of its lower fouith, wliicli 
ss its most slender part. It Hum enlarges again towards its lowei extrimnty. 
It jireseiits for examination three* bordeis and three suifaei's. 

konhr, tlie most jiromnu'nt of the three, is called the cr< 
or s/»/t (crista anterior) ; it coiwimuous ahnw. nJ. ||^n tiilmiv.n. ^nd teimniat<‘s 
UelnW' ali'tlte - . anterio r i nargiri of tlie inner malleolus. IT is sinuous and 
primiiiiciit in Hie uppei two-TTillrrts 'uf"TTs “‘xtent, but .smooth and rounded 
bi'low ; it gives attachmeiit to the (J<yp of„thc log. 

Till* (iiiaigo mcdialis)* is siiuiofli and rounded aboM* and 

below, but more iirominent in Hu* eentiv ; it jiagins nt Hie back pari of Hu* 
tub erosity, and (‘iids at the posterior j^ rtler o f the IiitehlaJ marieolus'; 

g^PR^tTadtiw**. ■ter fTieWernanaleraTTi^Su^fflr^ the hiiee 
frt-rhis crtimf -fTnTrTTr mf^ ; 

fronTus niifPlOlSMta&ttWiy fibres of the Soleus and Flexor longus digitornm 
take oiigin. " ' “• 

\.xte rna^L_^ 


nboisJMr (i-rista inteross<‘a) is thiii and prominent, 
e.s])eeially its central part, andgiyys atlachiiu*nt to Hit* *ip*», 

it eoiumeiiees almve in front of the filVular artleular facet’aji^l ’biiuroaU*& below. 
to form the boundaries of It triangitlar rough surface, for tlio attachment of 
the inteijoBseous ligament eonn<*cting the tiliia and fibula. 

The infernal surface (facies mcdialis) is smooth, convex, and broader 
above than below ; iti» uppt*r third, chieeted forwards and hiwgirds, is eov'cri'd 
by the aiKMieurosis/ciivciJ .froar^u* tefldcm ot the SariWms, andliv tlie 
Qip a ud.,Sc m i fc.ndinosus^' aH of \vhT<!!i'^b' inHi^Hed"'it6Hi‘l5r 
the anterior bord^t; yi^he rest o£ its extent it is sub- 


^4q 48 of Gk* 
as far Idrward 
cutaneous. 


as 



than the inti'mal; its 
of the T lhin1iB-nTi|jj»^|^ 

__ „ forwards l:b tlie anterior 

aspect of Hu* bone, and is covered from within outwards bv the ten dons of the 

ongus digitOTum. 

its upper 


I^* xtensQr fo^usTlallueis. and E xtensor longus d igf 
I’Se gifj^l^ij^rsurJC^ (facies''pTistiTior) (%. lillb; pre^nts, at 

prominenti ridge, the oblique line of the ti bia fliiiea noplitea k which 
extends from the back part of the articular facet ior the ribulk obliquely 
do^wards, to the internal border, at the junction of its upper and middle 


*®*^®ideoriKisT!yttl7*Pv^u5i8erSonTo the Popliteus. Stuajgj^dle thiMBOj, 
^s^r s^ce te diyjdesi.b5;.a y<a:tic^rifeinto.to.O partsTtKe ndge* 
ml^OT St us commencement at Hie obliqu^ine, but gradually becomes 



TIBIA 


345' 


indistinct below ; the, inner. a mLbroader portion g ives oriaan to the Flexor 
l o n yu^ di pritnnim t ^ putor and imrmw-er th"b^CT bl the Tibialis posticus, 
The reniammg part^oT^ 

the posterior surface is Fro. 398.--Bones of the right leg. Posterior surface. 


smooth aud covered by 
the Tibialis postic us, 
Flexor longUB cCgitUilJHW. 


l ucis. I mmediately BtliPW 
tfffTTTblique line is the 
medullaiy foramen, w'hicj|jy 
is largo and directea 
obliquely downwards. 

The lower extremity, 
much smaller than the 
iiiqMU’, p r ese nts five sur- 
it Is prolongea 
dounwards on its inni'r 
side as a strong process, 
the internal malleolm. 
'Die itijcrttJ) “HtffT^ci^ac'ies 
aitioularis inferior) is 
quadrilateral, and smooth 
fqj;^.artieulation with the 
astraS^#. It is concave 
frofli Defore backwards, 
broader in front than 
behind, and trai'ersed 
from licfore backu aids 
by a slight elevation, 
sc'parating two lateral 
deiiressions. It is 
continuous internally 
with that on the inner 
malleolus. The anterw r 
m rj ace of the lowert^- 
trenirFT is smooth and 
rounded above, jind 
coverosl by t he tendons 
of the TSxtensor mu^Tes 
of thc' V^eH7~^ ""lbXt'er 
margin in-esents a rough 
trailsvtrse depression for 
the attachment of the 
aatei’ior ligament of the 
aulyeTOTTltr ine po.?- 
teriofmlface is traversed 
a snaliow groove 
directed obliquely down¬ 
wards and inwards, con¬ 
tinuous with a similar 
groove on the posterior 
surface of the astragalus, 
and serving for the pas¬ 
sage of the tendon of the 

T1|h pre- 

sents a tnangii'Id' Tough 
depression for the attach¬ 
ment of the inferior in - 
roBseousihmmgmLjjra- 
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depression is smooth, covered with cartilage in the recent state, and articu* 
lates with the The surface is boundefl by two prominent borders, 

continuous above with the interosseous ridge ; they afford attachment to the 
a nterior a nd nosterior inferior tibio-fibular ^gamonts. Tlpie inter nal surfa Q^ is 
prolor^ecl downwards T» "TOHR" 9 pJfFftMldal process, flattened from 

without inwards—the internal malleolus (malleolus medialis). The inner mrface 
of this process is convex and subcutaneous ; its outer surface (facies articularis 
malleolaris) is smooth’ and slightly concave, and articulates with the astragalus; 

its anterior border is rough, for the 
. attachment of the anterior fibres 
^f the li^nment of 

the ankle-joint; its jpoOTmor border 
presents a broaaaM cte^^^bov e 
John ifiaft («tfl«irmireist£crisy,“ ob- 

ahoiu mh urnr liquely downwards and inwards, 

and occasionally double; this 
groove transmits the tendons^of 

the internal m^eolus is marked 
by a rough depression behind, for 
the attachment of the internal 
lateral ligament of the anklc- 
j'oint. 

Structure. —^The structure of the 
tibia is like that of the other long 
bones. The compact wall of the 
shaft is thickest at the junctioji of 
the middle and lower thirds of the 
bone. 

Ossification. —The tibia is ossified 
from three centres (fig. 399): one for 
the shaft, and one for each ex¬ 
tremity. Ossification begins in the 
" centre of the shaft about the seventh 

week of fmtal life, and gradually 
Lower fij-h-cmity extends towards the extremities. 

The centre for the upper epi¬ 
physis appears before or shortly after birth; it is flattened in form, and has 
a thin tongue-shaped process in front, which forms the tubercle; that for 
the lower epiphysis appears in the second year. The lower epiphysis joins 
the shaft at about the eighteenth, and the upper one joins about the twentieth 
year. Two additional centres occasionally exist, one for the tongue-shaped 
process of the upper epiphysis, which forms the tubercle, and one for the inner 
malleolus. 

Articulations. —The tibia articulates with three bones : the femur, fibula, and 
astragalus. 

Surface Form. —A considerable portion of the tibia is subcutaneous. At the upper 
extremity the tuberosities can be felt just below the knee. The internal one is 
broad and smooth, and merges into the subcutaneous surface of tlio shaft below. The 
external one is narrower and more prominent, and on it, about midway between the apex 
of the patella and the head of the fibula, is a prominent tubercle for the insertion 
of the ilio-tibial band. In front of the upper end of the bone, between the tuberosities, 
is the tubercle of the tibia, forming an oval eminence, which is continuous below with 
the anterior border or crest of the bone. This border can be felt, in the upper two-thirds 
of its extent, as a sharp and flexuous ridge. In the lower third of the leg the border 
disappears, and the bone is concealed by the tendons of the muscles on the front of the leg. 
Internal to the anterior border is to be felt the broad internal surface of the tibia, slightly 
encroached upon by the muscles in front and behind. It begins above at the wide 
expanded inner tuberosity and ends below at the internal malleolus. The internal 
malleolus is a broad prominence situated on a higher level and somewhat farther 
forward than the external malleolus. It overhangs the inner border of the arch of the 
foot. Its anterior border is nearly straight; its posterior border presents a sharp edge, 
which forms the iimer margin of the groove for the tendon of the Tibialis posticus. 
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The FiBinLA 

The Fibula (figs. 396 and 398) is placed on the outer side of the tibia, 
with which it is connected above and below. It is the smaller of the two 
bones, and, in proportion to its length, the mogt.^eijdLer of,all tbolou^bQB^* 
Its upper extremity is small, placed towards the back of the head of the 
tibia, below the level of the knee-joint, and excluded4roiu the formatioa of 
tjus jpipj ; the lower extremity inclines a little forwards, so as to be oh a plane 
anterior to that of the upper end; ikprojects below the tibia, ^djorgjs the 
Outer part of the ankle. The bone presents for examination a BEaft. and Jj^o 

~7nic~upp££ej(tGE^I^^ (capitulum fibulai) is of an irregular quadrate 

form, presenting above a flattehed articailar fa(i<', t (facies articulaiis capituli 
tibulse), directed upwards, forwards and inwards, for articulation with a 
corresponding facet on the external tuberosity of the tibia. On- the outer 
side is a thick and rough prominence, continued behind into a pointed 
eminence, the.^iylwd process (apex capituli fibulae), wliich projects upwards from 
the posterior part of the head. TluLpr9h3ii»eaCie», at its u w er and outey .pa rt , 
^vps..AttaQhi»eilt.to the tendon of the Bifiauft, ahd to theiori^ oxtemd^jfeteral 
ligament of the knee, t.jm lignmjAn£.diKidipif..llia..ijuidnTl 1 ^n^ *' ' ' 

it. The remammg part of the circumference of the -- 

JShment of muscles and ligaments. It nresentB iairnnt a tubercle for 

.crior 


"Sill 


roBu oTTH ivit in ugnjuina ■! enl 

jmmm 
mmsf 


and behind." another tubercle , tor Hie attachment of the' posterior superior 
tibio-tibularTigamont and the origin of the upper fibres of the Soleus. 

Tlie" shaft (corpus fibulae) presents four borders—tbe antoro-extemal, 
the antero-intemal, the postero-oxteraal, and the postero-intemal; and four 
surfaces—anterior, posterior, internal, and external. 

The anlero-exlernul border begins above in front of the head, runs verti¬ 
cally downwards to a little below the middle of the bone, and then curving 
somewhat outwards, bifurcates so as to embrat ,^^ ^ trjp^ygulaf p ubo.utaneou s 
surface immediately above t he o uter sur falce. of" tlie exterrmi ttiaJJemua. 

an Tn'gSniari shbtiaf^TCT^ 'the 



servos for the attamiment of the inter¬ 


osseous memiirane, which separate® 






'ten36f'1mMo!e' S''!fi'*^ qhirE‘om*Ihc 


he poStWo-acternal border is prominent; it 
id process, and ends be 





lUiUflfitaLP 

The '^t ero-tnterml border, sometimes called the oblique line, 
at the iTvS^T^fiyn^^TRn d and ends by becoming continuous 


_ er or incerosseous nogeTtr trie lower luurtn oi 

It IS -well marked an3“prominent at the upper and middle parts of the bone. 
T± onVaH f.n g.n...fl.Ty>nMMQaia whip.b flenarates the Tibialis PQSticus 


Tf. pjyftn n>.f.^ph|n«nf f.n whip.b aenarates thQ Tibialis PpsUcUS 

ana Fiexo ^ong^ 

The antenorswTace TB^^rab’TBtert'al between the antero-extemal and 
anl^ro-intemal borders. It is extremely narrow and flat in the upper third 
of its extent; broader and grooved longitudinally in its lower third ; it serves 
for the origin of three muscles the |;j|binsor,Jo^s 
propnusJ^ciB, and ^^ggs^^J^rtju|. ^ 
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_hiliruss(‘ 

hordfi- 


The pos terior surfac e is the space included between the postero-oxternal 
and the posISl^-lSTemal bordei-s; it is continuous below with the triangular 
surface above the articular facet of the outer malleolus ; it is directed back¬ 
wards above, backwards and inwards at its middle, directly inwards below. 
Its upper third is rough, for the origin of th^ Soleus ; its Ini^'er part nresents 
a~tfla1JgTin n '‘8 nfftm^ ^ Clrr tibia IB^alttbmi intcros , 

the intervening parf 'Ofthb' Kiil'fuue IH ctTvtfi'eil by 111 ™flbTW'tif origm bf the 
Flexor longus hallncis. Near tlie middle of tins surface is the medullary 
fOl^nenTr^^i is“^rected dowmwards. 

Thojinternal the interval included between the antero-internaJ and 

the imslerd-mlernafborders. iLiaigo pved for th e origin of the Tibialis posticus. 

The external surface is the space between tlic anlcro-extcrnal and postero¬ 
external borders, it is much broader than the preceding, and often deeply 
groox'cd ; it i.s directed outw£i.7‘ds in (he upper two-thiixls of its course, back¬ 
wards in the lower third, whcjx* it i.s continuous with the posterior border 

of the external malleolus. 

Ki«, 400.—l.cwer extremity of riKht (ibuhu This surface is completely 
Intonial iis}>ect. occupied.by tlio Peronei 

longus ct brevis. 

The lower extremity, 
or external malleolus 
(malleolus lateralis), is of 
a pyrantidal foriu, sonie- 
what flattened from witli- 
out inwards, and is longer, 
and descends lower, than 
th(i internal malleolus. 
>vlQrjial mfm l io m cx. 

tmuous with the trian- 
suliculahedussm^ee 
on the outer‘side 
shaft'. The internet surface 
(fig*. '400) presents in front 
a smooth triangular facet 
(facies articularis malleoli), 
broader above than below, 
and convex from above 
/ downwards, which articu* 
^ I ,'^atcs with a conesponding 
■^surface on the outer side 
of the aatragalus . Behind 
and beneath the articular 
surface is a rough depres¬ 
sion, which gives attach¬ 
ment to the posterior fasci- 
The..onterf^ 

for the attachment ot tTic 



s if?, 


Fi,r_ 

axh'affahn~ 



For pnsl.ftiscic. of 
rxil. lulcral ligl. 


cuius of the externail Jateral ligament of the ankle 
and rough, and pished beloAv by a depression 


anterior 



Articulations.— -^e fibula artiouTates with two bones: the tn)ia and astragalus. 

Ossification.—The fibula is ossified from three centres (fig. 401): one for the 
shaft, and one for each extremity. Ossification begins in the shaft about the 
eighth week of fcetal life, a httle later than in the tibia, and extends towards the 
extremities. At birth both ends arc cartilaginous. Ossification commences in the 
lower end in the second year, and in the upper one about the fourth year. The lower 
epiphysis, the first to ossify, unites with the shaft about the twentieth year ; the 
upper epiphysis joins about the twenty-fifth year. 

Surface Form.—The only parts of the fibula which are subcutaneous are the head, 
the lower part of the outer surface of the shaft, and the external malleolus. The head 
can be felt behind and to the outer side of the outer tuberosity of the tibia, and presents 
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a Hmall, prominent, triangular eminence slightly above the level of the tubercle of the 
tibia. The external malleolus is a narrow, elongated prominence, situated on a plane 
posterior to the internal malleolus and reaching to a lower level. From it may be traced 
the lower third or half of the external surface of the shaft of the bone in the interval between 
the Peroneus tertius in front and the tendons of the other two Peronei behind. 

Aji-plied Anatrmy. —^In fractures of the bones of the leg, both bones are generally 
fractured, but either bone may be broken separately, the fibula more frequently than 
the tibia. IVacture of both bones may be 
caused by either direct or indirect violence. 

When it occurs from indirect force, the fracture 
in the tibia is at the junction of the middle and 
lower third of the bone. Many causes conduce 
to render this the weakest part of the bone. 

The fracture of the fibula is usually at a rather 
higher level. These fractures present gi-cat 
variety, both as regards their direction and con¬ 
dition. They may be oblique, transverse, longi¬ 
tudinal, or spiral. When oblique, they are for 
the most part the result of indirect violence, 
and the direction of the fracture is downw'ards, 
forwards, and inwaitls in many cases, but ma;’ 
lie downwards and outwards, or downwards and 
b,ackwards. When transverse, the fracture is 
often at the upper part of the bone, and is the 
result of direct violence. The spiral fracture of 
the tibia generally starts as a vertical fissure, 
involving the ankle-joint, and is associated with 
fracture of the fibula higher up. It is the result 
of torsion, from twisting of the body while the 
foot is fixed. 

Fractures of the tibia alone arc almost 
always the result of direct violence, excejit where 
the malleolus is broken off by tuists of the foot 
Fractures of the fibula alone may arise from 
indirect or direct force, those of the lower end 
being usually the result of the former, and tho.sc 
higher ui) being caused by a direct blow on the 
part. 

The tibia is the bone which is most commonly 
and most extensively distorted in rickets. It 
bends at the junction of the middle and lower 
third, its weakest part, and jircsents a curve forwards with generally .some lateral 
displaciiment. 

The tibia is more often the seat of acute infective, necrosis than any other bom* in the 
body, and with the formation of the sequestrum, a large amount of new bony material 
is throun out by the periosteum. The sequence of events in this disea.se can be very 
closely followed in the ease of the tibia, and it is not uncommon to lind a patient from 
whom the whole diaphysis of the tibia has been removed, going about with a new bone 
I'litircly of periosteal foiination. Chronic bone abscess is more frequently met with in the 
cancellous tissue of the head or lower end of the tibia than in any other bone in the 
body. These abscesses are very chronic, and in most cases the result of tuberculous 
osteitis, although they are sometimes duo to the organisms of suppuration or'even the 
Bacillus typhosus. 

THE FOOT 

The skeleton of the foot (figs. 402 and 403) consists of three parts: the 
tarsus, metatarsus, and phalanges. 

THE TAKSUS 

The Tarsal bones (ossa tarsi) are seven in number: viz, the os calcis, astra¬ 
galus, cuboid, navicular, and the internal, middle, and external cuneiforms. 

Tj fE Os Calc is (tig. 404 )I!^m > ‘> i k 

The Os Calcis (calcaneus) is the largest and strongest of the tarsal bones. 
It is situated at the lower and back part of the foot, serving to transmit the 
weight of the body to the ground, and forming a strong lever for the muscles 
of the calf. It is irregularly cuboidal in form, having its long axis directed 
forw'ards and outwards; it presents for «x«.miTia.finn ^ix aurf^s. 


Pio. 401.—Plan of ossification of the 
fibula. From throe centres. 
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PiQ. 402. —Bones of the right foot. Dorsal surface. 
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Fro. 403.—Bones of the right foot. Plantar suriaoe. 
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The suvarior'furfaa ' is formed behind by the upper aspect of that part of 
the bone which projects backwards to form the heel. This varies in length in 
different individuals, is convex from side to side, concave from before back¬ 
wards, and suppor ts a mass of fat phaced* in front of the te ndo Ach illis. 
In front of this afeiSrlgTl targg.'TfSiIUltV^HlUHew'imt TJtrai-sh aped I'acet (facies 
articularis po8tmd^,~^M^''Tb^6^rTl|i^ards and’TorWSftlS? J It 'Is convex from 
behind forwards, and articulate's w'ith the pesteripr.-caiQ^eanfacet on the 

FiO. 404.—The left OS calois. a. Postoro-extornal view. b. Antero-intemal view. 


K 



Hj'linial tiihcrrle 


B 

T'nr jioittfrior farcl uf astragaliii, j.' 

i'Vii’ iniihJIe fnrrt of.'iislraffaJus) 

'nr nn1f> lor/itcrt of fihtragnhis „ 



J''iir cuboitj 


Jnfenud htUercle 
Groove fur yirieor Invgio, hnUnrii, 

y- 

Sii!,le>i(iiriihnn tali 

^ \ Groove for interoasrouH ligament 

undor snrf^ie of the aatniga^ is. It is bounded anteriorly by a deep depression 
wHiich is continued backwards and inwards in the form of a groove (s pJ c pM. 
oakanei). In the articulated foot this groove lies below a similar one on the 
V,uW!ltfr surface of tlui itfftfagalus. iand tlm two form a canal (sinus i arsi) for the 
•^o^gmept interos^oug*Calcane^8«TOlfeid ligamenCl-' lii ‘front a nd to 
the in ner side of this groove is an'^ pic "■ 
forwa^sTand witK its long axis 'directed 

_is _ 

larger 

fee ah<i*arircCTa ^ 


1 iigament?nn Iront_and to 
__ la^fTOl caveTmmlfe'd 

brw'afds and mi twards. This facet 
freguenfa div ided into two by^ a notch : of the two, the postenor^ahd 
get (facies articiuaifis niedia) is supported on a projec ting process of bone. 

iioe dTHie ; tne anterior, a^' 'SIBSIIW (ISaiBjS* 
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articularis anterior) is placed on the anterior par t of the bo dy, and artioulateif 
with the ntf J UB unnerSTrlSSB: -j 

anterior aiid external to the faeets, is rou^h for the attachment of ligaments 
and for the origin of the -Extensor brc'vis digitoruin. 

The inferinr mrface is uneven, wider behind tlian in front, and convex 
from side to side ; it is bounded posteriorly by two tuboroles, separated by a 
depression ; the external (processus lateralis tuber is calcanei), small, promi¬ 
nent, and rounded, gives origin to part of tlie Abductor minimi digiti ; the 
internal (processuH mcdialis tuberis calcanei), broader and larger, gives attach¬ 
ment, by its prominent inner margin, to tlie, Abdm'tor hallucis, and in front 
to the Flexor brevis digitorum and the plantar fascia ; the depression between 
the tubercles gives origin to the Abductor minimi digiti. The rough surface 
in front of the tubercles gives attachment to the long plantar ligament, and 
to the outer head of the Flexor accessorius; while to a prominent tubercle 
nearer the anterior part of this surface, as well as to a transverse groove in 
front of the tubercle, is attached the short plantar ligament. 

The external surface is broad behind, and narrow in front, flat and almost 
suheutaneous; near its centre is a tubercle, for the attachment of the 
middle fasciculus of the external lateral ligament. At its upper and anterior 
part, this surface giviw attachment to the external calcanoo-astragaloid 
ligament; and in front, of the* tubercle it presents a narrow surface marked 
by two oblique grooves. Tlie grooves are separated by an elevatod*ridgc, or 
tubercle, w'hich varies much in size in different bones ; it is named the peronertl 
tubercle, (processus trochlearis), and gives attachment to a fibrous process from 
the external annular ligament. The su'pexiur groove transmits the tendon of 
the Peroneus brevis ; the inferior, that of the Pcroncus longus. 

The internal surface is deeply concave ; it is directed obliquely downwards 
and forwards, and servos for the transmission of the plantar vessels and nerves 
into the sole of the foot; it affords origin to part of the Flexor accessorius. 
At its upper and fore part is. an eminence, the lesser proa^ss or s^istentaculum 
tali, which projects horizontally inwards, and gives attachment to a slip of 
the tendon of Ihe Tibialis posticus. This process is concave above, and 
supports the middle articular surface of the astragalu.s ; below, it is grooved 
for the tendon of the Flexor longus hallucis; its anterior margin gives attach¬ 
ment to the inferior calcaneo-navieular ligament, and its inner, to a piut of 
tlie internal lateral ligament of the ankle-joint . 

Tile anterior sar/ace ffatues articularis cuboidea), of a somewdiat triangular 
form, articulates Avith the cuboid. It is concave from above, downwards and 
outwards, and convex in a direction at right angles to this. Its inner border 
gives attiwdmicnt to the inferior calcanco-navicular ligament. 

The posterior surface is proininonfc, convex, w'ider below than above, and 
divisible into three areas. The lowest of these is rougli, and covered by the 
f.dty and fibrous tissue of the heel; tlu; middle, also rough, gives insertion 
to the teudo Achillis and Plantaris ; while the highest is smooth, and is covered 
by a bursa which intervenes between it and the tendo Achillis. 

Articulations.—The os calcis articulates with two hones : the astragalus and 
cuboid. 

The (Astragaltts\( fig. 405) ^ . 

The Astragalus (talus) is the second largest of the tdhal bones. It 
occupies the middle and upper part of the tarsus, supporting the tibia above, 
articulating with the malleoli on either side, rest ing beloAv upon the os calcis, 
and articulating in front with the navicular. It consists of a body, a neck 
and a head. 

The superior surface of the body (corpus tali) presents, behind, a smooth 
trochlear surface (trochlea tali) for articulation with the tibia. The trochleia 
is broader in front than behind, convex from before backwards, slightly 
concave from side to side : in fror^it is confluent with the upper surface 
of the neck of the bone. The irtferior surface presents tvi-o articular areas, 
the posterior and middle calcanean facets, separated from one another by 
a deep groove, the sulcus tali. The groove runs obliquely forwards and 
out'w'ai’ds, becoming gradually broader and deeper in front: it corresponds 
with a similar groove upon the upper surface of the os calcis, and forms, 

A A 
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when articuLated with that bone, a canal (sinus tarsi) filled up in the recent 
state by the interosseous calcaneo-astragaloid liganmnt. Tlie posterior calcanean 

Fio, 405.—'I’he left ivstragalns. a. Sii))eio-cxternal view. b. Infero-internal view. 

Inferior view. 



inf. iiifillroliii, 




faeei (facies artieiilari-. calcaiu'a jiosterior) is larger and of an ov'al or oblong 
form. It articulates with the corresponding facet on the upper surfaces of the 
08 calcis,* and is deeply concave in tlie direction of its long axis which runs 

• Sewell (JoiiriKil of AhoIoikii find Pliijuiology, vol. xxxviii.) pointed ont (hat in about 
10 per cent, of til CSC bones a small triangular facet, contiuuuus with the posterior calcanean 
facet. i.s prn-sent at the junction of the e.xtcrnal surface of the hotly with the posterior wall 
of the sulcus tali. 
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forwards and outwards at an angle of about 45’’ with the antero-posterior axis 
of the body. The middle cMleatiean facet (fatdes calcanea artieularis media) 
is small, oval in form and slightly convex ; it articulates with the upper 
surface of the sustentaculum tali of the os calcis. The internal surjace 
presents at its upper part a pear-shaped articular facet for the inner 
malleolus, continuous above u'ith the trochlear suiface ; below the articular 
surface is a rough depn'ssion for the attacihment of the deep imrtion of the 
inlernal lateral ligament of the ankle-joint. The external surface 2 )resonts a 
larger tiiangular facet, concave from above downwards, for articulation with 
the external malleolus; its anterior half is continuous above with the 
tioe.hloar surface ; and in front of it is a rough depression for the attach¬ 
ment of the anterior fasoieiilus of the external laLual ligament of the* ankle- 
joint. Fawcett * has directed attention to a facet which comes into contact 
with the inferior tibio-fibular ligament during flexion of the ankle-joint. It 
is sit uated between the posterior half of the oiitiU’border of the trochlea and 
the corros})onding part of the bast* of the triangular fatict for the external 
malh^oliis. It is triangular in sliaije, the base being directed backwards ; below 
the base is a groove which affords attachment to the'posterior fasciculus of the 
«‘xternal lateral ligament of the ankle-jou't. The pos'/crior .surface is nairow, 
and travers('d bj'^ a groove, which runs «)bli( 2 Uely do\v’nwards and inwards, 
and transmits the tendon of the Fh^xor longus hallueis. iOxleriial to the groove 
is a prominent tubercle, to whii'h the ixisterior fasciculus of the external 
latei'ai ligament is attached ; this tubei'cle (processus ])ost('rior tali) is some¬ 
times separat(‘d from tin rest of the astragalus, and is tlum known as the 
os tritfonum. 'To the iniK'r side of th«‘ groove is a se(;ond smalk'i' tubercle. 

The neck (eollum tali) is directcal forwards and innards, and (!om])rises 
the constrict(‘d j)oriion of th(‘ bone hetAveen the body and the o\'al head. Its 
upper and inner snr/ace.s are rough, for the attachment of ligaments ; its 
external .surface is eoneave, diieett'd downwards and outwards, and is eon- 
timioiis below with the deej) groove for the interosseous ealcaneo-astragaloid 
ligament. 

'Pile head (ca])ut tali) looks forwards and itnvards ; its anto'ior .surfan 
l»resents a large, oval, conv»“X fac<‘t (ta<'ies articularis navicularis), for articu¬ 
lation with the navicular. Its inferior .surface has two facets, whi<-h are best 
s('(‘n in the I'ceent condition. The inner of thes«^, situated imnndiately in front 
of the middle calcaneal facet, is convex, triangular .or semi-oval in shape, and 
rests on the inferi(»r ealeaneo-navieular ligament ; the outer is named I he anterior 
calcanean facet ; it is somewhat flattcmsl, and articulates uith the fai-et on tlv 
uj)])er sui huic of the anterior ])art of the os cah-is. 

Articulations, --'rhe astragalus articulates with four hones : tibia, tihula, os 
ealeis, and navicular. 

'The (.’uboii) (fig. fOfi) 

'Phe Cuboid (os cuboideum) is jfiaeed on tin* outer side of tlu'foot.in front 

Fi(!. 400.—'I’hc loft cuboid. \. Antero-inlornal view. b. Tostero-external view. 

rjL't. citiififnnii l''or \tlt ini'tiiUoi.dl 
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of the os calcis, and behind the fourth and fifth metatarsal bones. It is of a 
pyramidal shape, its base being directed inwards. 

• Kdinhurgh Medical Journal, 185)0. 

KA'Z 



356 


OSTEOLOGY 


The superior or dorsal surface, directed upwards and outwards, is rough, for 
the attachment of numerous ligaments. The inferior or plantar surface presents 
in front a deep groove (sulcus m. peronaji), which runs obliquely from without, 
forwards and inwards; it lodges the tendon of the Peronous longus, and is 
bounded behind by a prominent ridge, to whicli the long calcaneo-cuboid 
ligament is attached. Tlie ridge terminates externally in an eminence, the 
tuberosity (tuberositas oss. euboidei), the surface of which presents a convex 
facet; on this facet glides the sesamoid bone or caiiilago frequently found 
in the tendon of the Peroneus longus. The surface of bone behind the groove 
is rough, for the attaclmient of the short plantar ligament, a few fibres of 
the Flexor brevis liallucis, and a fasciculus from the tendon of the Tibialis 
posticus. The ejcternal surface pi’csents a deep notch formed by the commence¬ 
ment of the ])eroneal groove. The posterior surface is smooth, triangular, and 
concavo-convex, for articulation with the anterior surface of the os calcis. Tlie 
anterior surface, of smaller size, but also irregularly triangular, is divided by a 
vertical ridge hito two facets : the inner, quadrilateral in form, articulates with 
tlio fourth metatarsal; tlie outer, larger and more triangular, articulates with 
the fifth. The irderiml surface, is broad, rough, irregularly quadrilateral, present¬ 
ing at its middle and upper part a smootii oval facet, for articulation with 
the external cuneiform ; and behind this (occasionally) a smaller facet, for 
articulation with the navicular ; it is rough in the rest of its extent, for 
the attachment of strong interosseous ligaments. 

Articulations.—The cuboid articulates with four hoiuss: the os calcis, 
external <;unci{oriu, and fourth and fifth metatarsals; occasionally w ith a fifth, 
th«! navicular. 

The NaviouJjAK (tig. 407) 

The Navicular or Scaphoid (os naviculare pedis) is situated at the inner 
side of the tiirsus, betwc'cn the astragalus behind and the three cuncifonn 
bones in front. 

Th(! anterior surface is convex from side to side, and subdivided by two 
ridges into tliree facets, for articulation Avith the three cunciiorm bones. The 
[Ktslerior surface is oval, concave, broader externally than internally, and 
articulati*s with the rounded head of the aslragtdus. The superior surface is 
ei*nvex from side to side, and i-ough for the attachnu'nt of ligaments. .Tlie. 


Fic. 407.—The left navicular, a. .Aiitero-cxierna! view. n. Postcro-interiuxl view. 



inferior •oirface is irregular, and also rough for the attachment of ligaments. 
The intiriial surface presents a rounded tubercle (tuberositas ossis navicularis), 
the low e.r part of whuh gives attachment to part of the tendon of the Tibialis 
jrosticus. The external surface is rough and invgular for the attachment of 
ligaments, and occasionally presents a small facet for articulation with the 
cuboid bone. 

Articulations.—The navicular articulates with four bones 
the three ciiueiforma ; occasionally with a fifth, the cuboid. 

, ty. 

The y^HTERNA^ CUHEIEOKM (fig. 408) 

Cuneiform (os cuneiformc primum) is the largest of the 
It is situated at the inner side of the foot, between the 


the astragalus and 


I '. 

The (Internal 

three cufjeiforms. 


navicular behind and the base of the first metatarsal in front. 
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The internal surface, is subcutaneous, and forms part of the inner border 

of the foot; it is broad, quudiUateral, and presents at its anterior inferior 

angle a smooth oval impression, into which part of the tendon of the Tibialis 

anticus is inserted ; in the rest of its extent it is rough for the attachment 

of ligaments. The external surface is concave, presenting, along its superior 

and posterior borders, a narrow reversed L-shaped surface, the vortical limb 

and posterior part of the horizontal limb of which articulate with the middle 

cuneiform, and the 
^ 1 » •% 

408.—The left inieriwl cuneiform. A. Anlero- 
intcrnal view. b. Postcro-extornal view. 
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an¬ 
terior part of the hori¬ 
zontal limb with the 
second metatarsal bone : 
the rest of this surface is 
rough for the attachment 
of ligaments and part of 
the tendon of the I’ero- 
neus longiis. The anterujr 
surf ace f kidnc.y - shaped 
and much larg(ir than 
the posterior, articulate.s 
witli thti metatarsal boiui 
of the great toe. Thepos- 
terior surface. Ls triangular, 
concave, and articulates 
with the innermost and 
largest of the threefatiets 
on the anterior surface 
of tljc navicular. The 

irt/’erfor or pfw.'w./or.'iMr/«cc is rough, and forms tlic base of tlie \\t“dg(‘; at its back 
part is a prominent tuberosity for the in.scrtion of part of the tendon of tlie 
TibialLs ])osticu8. It also gives insertion in front to part of the tendon of the 
Tibialis anticus. 'I’he superior surface is the narrow pointed end of the wedge, 
and is directed upwards and outwaixls, it is rougli for the attachment of 
iigaments. 

Articulations.— The- internal cuneiform articulates with four bones; the 
navicular, middle c-nneiiorin and first and second metatarsals. 
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( Thk 'Midoj.e Cuneikoum (tig. 409) 

The; Middle Cuneiform (os cuneiforme secundum), tlic smallest of the 
tlirec, is of very regular wedge-like form, the broad (extremity being plaeed 
upwards, the narrou' end downwards. It is situated between the other t^vo 

cuneiforms, and art iculates 
with the navicular behind, and 
the second metatarsal in front. 

'J’hc anterior surface, tri¬ 
angular in form, and naiTOwer 
than the posterior, articulates 
with the base of the second 
metatarsal bone. The jwsierior 
surface., also triangular, articu¬ 
lates witli the middle facet on 
the anterior Burfa(;e of tlm 
navicular. The internal surface 
presents a reversed L-shaped 
articular facet, running along 
the superior and posterior borders, for articulation with the internal cunei¬ 
form, and is rough in the rest of its extent for the attachment of ligaments. 
The external surjace presents posteriorly a smooth facet for articulation with 
the external cuneiform bone. The superior surface forms the base of the 
wedge ; it is quadrilateral, broader behind than in front, and rough for the 
attachment of ligaments. The inferior surface, sharp and tubercular, is also 
rougli for ligamentous attachment, and for tlie insertion of a slip from the 
tendon of the Tibialis posticus. 


/ Ui. 40h.—The left middle cuneiform, a. Antcro- 
iiiternal view. n. I’astoro-cxtenial view. 
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Articulations. —The inuldle cunciforiu iirticulatos with four bones: the 
iiavieular, inteni.T,! and external cuneiforms, and second metatarsal. 

, ^ j Thk'^Extbrnaj.; CrxEiFOBM (tig. -110) 

'riie ^External'Cuneiform (os eimeiformc tertiuin), intermediate in size 
belM'een the two preceding, is of a veiy regular wedge-like form, the broad 
extremity being j)laeed ujjwatds, tJie narrou' end downwards. It occupies 
the centre of tlie front row of tlie tarsal bones, betwcien the middle cuneiform 
internally, the cuboid externally, tlie na^■ieular behind, and the third meta¬ 
tarsal in front. 

The anterior surface, triangular iii form, articulates with the third meta¬ 
tarsal bone. The jmterior surface articulates with the most (‘xternal facet of 
the navicular, and is rough below for tlie attaeliment of ligamentous tibres. 
The infernal surface prestmts an anterior and a jxisterior articular facet, 
•separati'd l)v a rougli depression : the anterior, sometimes divided, articulates 
witli the outer side of the base of the second metatarsal bon(!; tlie post<‘rior 
skirts the jiosterior border, and artieulati-s with tli<( middle euiK'iform : 
the rough (lepression givi'S attachment to an interosseous ligament. 'I’hc 


Kio. 410. —'J'hc k'tt external eiiaeiforni. v. I’ostevo-inloriial view. 
B. Antero-extemal view. 
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external sur/aee also piesents two artii-ular facets, separated by a rough 
non-artieuiar surface: the antinior facet, situated at the su|)erior angle of 
th(‘ bone, is small and semi-oval in shape, and articulates with the inner side 
of the bas(‘ of the fourth metatarsal bone ; the posterior and larger one is 
triangular or oval, and articulates witli the cuboid ; llie rougli, non-articular 
.surface si'rves for the altaehmeut of an intero.sseous ligament. The three iae<“ts 
for articulation with the threi* im-talarsal bont'S are continuous with one 
allotIn r ; tliose for articulation with th<“ middle cuneiform and navicular 
are also continuous, hut that for articulation with the cuboid is usually 
sejiarale. The* .superior or (lor,snl surface is of an oblong form, its jiostero- 
external angle being jirolonged baekwarcis. The inferior or plantar surface is 
a rounded margin, and .serves for the attaeliment of jiart of the tendon of the 
Tibialis ])ostieu.s, jiart of th(' Flexor brevis liallueis, and ligaments. 

Articulations. —Tlie external cunc'iform articulates wuth six bones : the iiavi- 
eiilar, middle cimeiform. cuboid, and second, third, and fourth metatarsals. 

The Metatarsus 

The Metatarsus consists of tix e bones wliicli are numbered from within 
utwards (ossa inetatarsalia I.-V.) ; each presents for examination a sliuft 
and tw'O extrmnities. 

Common Cuahactees ok ttte Metataesal Bones 

The shaft (eorfnis) is prismoid in form, tapers gradually from the tarsal to 
the phalangeal extremity, and is curved longitudinally, so as to be concave 
below, slightly convex above. The posterior extremity, or base (basis), is 
wedge-slieped, articulating by its terminal surface with the tarsal bones, 
and by its lateral surfaces Avith the contiguous metatarsal bones ; its dorsal and 
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plantar surfaces are rough for the attachmcHt of ligaments. The anterior 
extremity, or head (capitulum), presents a terminal convex articular surface, 
oblong from above downwai-ds, and extending fartlier backwards below than 
above. Its sides are flattened, and f)n eacli is a depression, surmounted by 
a tubercle, for ligamentous attachment. Its under surface is grooved in the 
middle line for the passage of the Flexor tendons, and marked on either sid(f 
by an articular eminence continuous witli the terminal articular surface. 

Peculiah Characters ok the Metatarsal Bostes 

The first metatarsal bone (fig. Ill) is remaikable for its great thickness, 
and is the shoilt'st of all the metatarsal bones. The s/uifl is strong, and of 
uell-marked ])risnioid foi-rn. 'J’he posterior cjctremily ijresents, as a rul<-, no 
lateial articular facets, but occasionally on tlx* outer side there is an oval 
facet, by which it articulates uith tlu‘ second metatarsal. Its terminal 
articular sui face is of large size and kidtK'y-sliapcd ; its circumference is 
grooved, for the tarso-metatarsal ligaments, and internally gives insertion to 
I)ait of the tendon of the Tibialis antic us : its inferioi- angle ])resent8 a rough 
oval jmnninenec for tlie inscutioii of tin tendon of the P(Toneus longus. The 
hcail is laig<‘; oji its jdantar siufaec' are two grooved facets, over which glide 
sesamoid bones ; (he facets are se])aratcd by a sjuooth elevated ridge. 


I'tii. 4]].—1'lie first, metatarsal. (Lt-i't.) 412.—The second rxitatiirsiil. (Left.) 
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The second metatarsal bone (lig. 412) is the longest and largest of the 
remaining metatarsal bones, being prolonged backwards into the recess formed 
by tlic three cuneiform bones. Its poshriof exlrcmity is broad above, narrow 
and rough below. It presents four iirtieular surfaces : one beltind, of a trian¬ 
gular fonu, for articulation with the middle cuneiform ; one at the upper part 
of its internal surface, foi' articulation with tlie internal cuneiform ; and two 
on its external surface, an upper and lower, separated by a rough non-arlicular 
interval. Each of these external articular surfaces is divided into two by 
a vertical ridge ; the two anterior facsets articulate with the thiixl metatarsal; 
the two posterior (sometimes continuous; with the .external cuneiform. A 
fifth facet is occasionally present for articulation witli the first metatarsal; 
it is oval in shape, and is situated on the inner side of the shaft near the base. 
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The third metatarsal bone (fig. 413) articulates behind, by means of a 
triangular smooth surface, with the external cuneiform ; on its inner side, by 
two facets, with the second metatarsal; and on its outer side, by a single 


Fig. 413.—The third metatarsal. (l.K'ft.) Fig. 414.—The fourth metatarsal. (Ijeft.) 





Fio. tlT).—The fifth metatarsal. (Ix^'ft.) 


facet, wit!) the fourtli metatarsal. The latter facet is situated at the upper 
angle of the base. 

'rhe fourth metatarsal bone (fig. 414) is smaller in size tiian the preceding ; 
its posterior extremily jireserits an oblique quadrilateral surface for articu¬ 
lation with the cuboid ; a smooth facet 
on the inner side, divide,d by a ridge into 
an anterior porlif)n for articulation wfith 
the third metatarsal, and a posterior 
jiortion for articulation with the external 
cuneiform ; on t Ik; outer side a single facet, 
for articulation with the fifth metatarsal. 

The fifth metatarsal bone (fig. 415) is 
recognised by a tubercular eminence, the 
tuberosity, on the outer side of its base. 
The base articulates behind, by a tri¬ 
angular surface cut obliquely from without 
irnvards, with the cuboid; and inter- 
niilly, with the fourth metatarsal. On 
the inner part of its dorsal surfa(;e is 
inserted the tendon of the Peroneus 
terlius, and on the dorsal surface of the 
tuberosity that of the Peroneus brevis 
A strong band of the plantar fascia con 
nects the projccjting part of the tubero 
sity with the outer tuberosity on the 
under surface of the os calcis. The 
plantar surface of the base is grooved for 
the tendon of the Abductor minimi digiti 
and gives origin to the Fle.xor brevis 
minimi digiti. 

Articulations.—Each metatarsal bone articulates with one or more of the tarsal 
bones by its proximal extremity, and by the other with one of the first row of 
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phaJunges. The first metatarsal articulates with the internal cuneiform, the 
second with all three cuneiforms, the third with the external cuneiform, the 
fourth with the external cuneiform and the cuboid, and the fifth with the cuboid. 

Phalanges 

The Phalangres (phalanges digitorum podis), both in number and 
general arrangement, resemble those of the hand ; there being tw o in the 
great toe, and three in eaeh of the other toes. They differ from them, how¬ 
ever, in their size, the shafts being much reduced in length, and, especially in 
the first row, laterally compressed. 

The phalanges of the first row (dosely i-esemble those of the hand. The 
sJiaft of each is compressed frojii side to side, convex above, concave below. 
The posterior extremity is concave ; and tlie anterior extremity presents a 
troclilear surface for articulation u'ith the second phalanx. 


Fio, 41(),—^Plan of ossification of Ihe foot. 



The phalanges of the second row arc remarkably small and short, but 
rather broader than those of the first row. 

The ung(ual phalanges, in form, resemble those of the fingers ; but they 
arc sm^er, flattened from above downwards; each presents a broad base 
for articulation with the corresponding bone of the second roAV, and an 
expanded extremity for the support of tho nail and end of the toe. 

ArtiofUations.—In the four outer toes, the phalanges of the first row articulate 
behind with the metatarsal bones, and in front with the second phalanges, which 
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in their turn articulate with the first and third ; the uiijrual phalanges articulate 
with the second, ^n the f>;r(iiit toe the first phalanx articulates behind with the 
metatarsal hone and in front with the ungual phalanx. 

Ossification of tiik Bones of the Foot (fig. 116) 

'I’he Tarsal bones are each oasiJicd from a single centre, excepting the os calcis, 
wliich has an ejiiphysis for its posterior extremity. The centres make their 
ajipearance in the following order: os c-alcis, at tlie si.xth month of foetal life ; 
astragalus, about the seventh month ; cuboid, at tlic ninth mouth ; external 
cuncifonii, during tlic first year; internal cnneifin'in, in the third year: middle 
cuneiform and navicular, in the fourth year. The epiphysis for the posterior 
extremity of the os calcis ap])ears at the tenth year, and unites with the rest of 
the bone soon after puberty. The tubercle on the ])osterior surface of the 
astragalus is .sometimes ossified from a separate centn*, and may remain distinct 
from the main ma.ss of the bone, when it is named the o.s' triijonHiu. 

The Metatarsal bones are each o.ssified Irom two centre's ; erne for tin* shaft, 
and one for the digital extremity, in the four outer metatarsals ; oni' for the shaft, 
and one for the proximal ('xtremity, in the metatarsal of the great toe.* O.ssiii- 
cation commences in the centre of the .shaft alxmt the ninth week, ami ('xtonds 
towards either extremity. 'Die centre foi' the proximal end of the first metatarsal 
appears altout the third year; the centres for the distal emls of the other bones 
between the fifth and eighth years; they join the shafts between the eighteenth 
and twentieth yc'ais. 

The Phalanges are each ossified from two centres : one for the shaft, and one, 
for the metatarsal extremity. The centre for the shaft a|)])ears about the tenth 
week, that for the 'uetatarsal extremity between the fourth and tenth yc.irs ; 
it joins the shaft about the eighteenth year. 

CoMPAHiSOX OF THE BoNES OF THE H.WIi AND FoOT 

The hand and foot are constructed on .somewhat similar principles, each con¬ 
sisting of a proximal part, the car])iis or the tarsus, a middle portion, the metacarpus 
or tin' nu'tatarsus, and a terminal |)ortion, the phalanges. The proximal part con¬ 
sists of a seiies of more, or less cubical bones which allow a slight amount of gliding 
on one another and are chiolly cojicerned in distributing forces transmitteil to or 
trom the bones of the arm or i<'g. The middle part is iiuule up ol slightly movable 
long liones which assist the caiims or tarsus in distributing lorcc's and also givi' 
greater breadth lor the reception ol such forcc.s. 'I’lie separation of the individual 
bones from one anotlier allows of the attachments ol the Interossci anil jirotects 
the dorsi-palmar vascular anastomoses. The distal portion is the most movable, 
and its separate elements enjoy a varied range of movements, the i-hiel of which 
are tlexion and extension. 

The tiiiK'tions of the hand and foot are, however, very dillerent, and the general 
similarity between them is greatly modified to meet these* reipiirements. Thus the 
foot forms a firm basis ol supjiort for the body in the erect posturi'. and is theri'lore 
more solidly built up and its component parts are less movable on each other 
than those of the hand. In thi' ease of the phalanges the dillerence is readily 
noticeable ; those ol the foot are smalh'r and their movements are more limited 
than those of the hand. Very much more marked is the dillerence between the meta- 
car))al bone of the thumb and the metatarsal bone of the great toe. The metacarpal 
l>one ol the thumb is con.structeil to permit of great mobility, i.s directed at an 
acute-angle from that of the index finger, and is capable of a considerable range 
of movements at its articulation with the carpus. The metatarsal bone of the 
great toe assists in supporting the weight of the body, is constructed with great 
solidity, lies parallel with the other iTietatarsals, and has a very limited degree, of 
mobility. The carpus is .small in projwrtion to the rest of the hand, is plai'cil 
in line with the forearm, and forms a transverse arch, the concavity of which 
constitutes a bed lor the tle.xor tendons and the palmar vessels and neiwes. The 
tarsus forms a comsiderable part of the foot, and is placed at right angles to the 
leg, a position which is almost pecidiar to man. and has relation to his erect 

* A.s was noted in the first metacarpal, so in the first metatarsiil, theie is often a second 
epiphysis for its distal extreraiiy (see footnote, page aih). 
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posture. Ill okIct to allow of tlieir supporting the weight of ^h« budy with the 
least e.xpeiiditure of material the tarsus and a part, of .the metatarsus are 
constructed in a series of arches (figs. 417 and 418), the disposition of which 
will be considered afler the articulations of the foot have been described. 

Surf are Fi»m.—Otv the dorsum of tlie foot the individual bones eannot be dis- 
tinguisbeiL with the exeoi)tion of tlio head of tlie astragalus, wliich forms a rounded pro- 
joetion in front of the ankle-joint when the foot is fi^rciibly cxtend<!d. Ihe whole .surface 
of the dorsum of the foot forms a smooth convex outline, the summit of wlii<‘h is the 
ridge formed by the head of the astragalus, tlui navicular, the middle cuneiform, and the 
second metatarsal bones ; from this it inclines gradually outwards and i-apidly inwai-ds. 


Fio. 417. Skeleton of foot. Inner a.spect. 



On the inner side of the foot, the inteni.il tiiber(tsity of the os caleis and the ridge se])aratir,g 
Ihe inner from the. f)oslerior surface' of the bone may l)e felt. In front of this, and 
below the internal malleolus, the pi'ojeetion of the siistentaeulurii tali can be felt. 
•About an inch or an inch and a ((uarter in front of the internal inalleolus is the tuber¬ 
osity of the navicular. Farther foi-wards. the ridge formed by Ihe base of Ihe first 
metatarsal bone can be obseiin'ly tell, an<l from this the. shaft of tlu' bone can be traced 
to the e\])auded hea,d articulating with the base of the lir.st jdialanx of the great toe. 
Imnii'diately beneath the base* of tliis |ihalanx, the internal sesamoid bone; lain he felt. 
Ijistly, tin-Cxpaiuhsl t'lids of Ihe bones forming the last joint of the great tin- can be 
felt. On the <iuter side of the foot the most, jiosterior bony f)oinl is the outer tuberosity 
t)f tin; o.s caleis, with the ridge separating the posterior from the outer surface of the 


Flo. 4IS. Skeleton of fool. Outer aspect. 



Imne. In front of this the greater part of the external surface of the os caleis is sub¬ 
cutaneous ; on it, below and in front of tlm extiirnal malleolus, the peroni'al ridge when 
present can be felt. Farther forwards, the base of the fifth metatarsal bone forms a 
prominent and ■tt'cll-dofincd landmark, and in front of this the shaft of the bone, with 
its expanded head, and the base of the first phalanx, may be made out. 

Applied Anati/mi /.—Considering the injuries to which the foot is subjected, it is 
surprising how seldom the tarsal bones am fractured. This is no doubt due to the fact 
that the tarsus is eomjioscd of a number of bones, articulated by a considerable extent 
of surface, and joined together by very strong ligaments which serve to break the force of 
violence applied to this part of the body. When fracture does occur, these bones being 
composed for the most part of a soft cancellous structure, covered only by a thin shell 
of compact tissue, are c.ften extensively comminuted, especially os most of the fractures 
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are produced by direct viuleuce; and, as there is only a very scanty amount of soft 
parts over the bones, the fractures are very often compound, and amputation is often 
necessary. 

When fracture occurs in the anterior group of tareal bones, it is almost invariably the 
result of direct violence ; but fractures of the posterior group—that is, of the os calcis 
and astragalus—luo usually prodiucd by falls from a height on to the feet. 

In club-foot (talipes), especially in congenital cases, the bones of the tarsus become 
altered in shape and size, and displaced from their proper positions. This is principally 
the ease in congenital taliims eguino-varus, in which the astragalus, particularly about 
the head, becomes twisted and atrophied, and a similar condition may be present in the 
other bones, more especially the navicular. Ihe tarsal bones are peculiarly liable to 
become the scat of tuberculous caries following comparatively trivial injuries, especially as 
they arc not maintained in a condition of rest to the same extent as some other parts 
of the body after similar injuries. Caries of the os calcis or astragalus may remain limited 
to the one bone for a long period, but when one of the other bones is affected, the remainder 
frequently become involved, since the disease spreads through the large and complicated 
synovial membrane which is more or less common to those bones. 

Amputation of the foot is often required either for injury or disease. The principal 
amputations are as follows:—(1) Symo’s: amputation at the ankle-joint by a heel-dap, 
with removal of the malleoli and sometimes a thin slice from the lower end of the tibia. 

(2) Pirogoff’s : amiratation of the whole of tlic taraal bones (except the posterior part of 
the os calcis), and a thin slice from the tibia iuid dbnla including the two malleoli. The 
sawn surface of the os calcis is then turned up and united to the cut surface of the tibia. 

(3) Subastr.agaloid: amputation of the foot below the astragalus through tho joint 
between it and the os calcis. 

I’he bones of tho tarsus occasionally require rcitu)val individually. This is especially 
the case with the astnigalns for tuberculous disease limited to that bone; or the astra¬ 
galus may require excision in cases of siilaislragaloid dislocation, or in ciises of inveterate 
talipes. Tho cuboid has been removed for the same reason. 

h’ractures of the metatarsal bones and phalanges are nearly always the result ol 
direct violence, and in the majority of coses the injur 3 ' is caused by severe crushing 
accidents, necessitating amputation. The metatarsal bones, and especially that of tin- 
great toe, are frcquentl_v diseased, oitlier in tuberculous subjects or in patients with 
2 >crforating ulcer of the foot. 


«ESAMOTI> BONES 

Sesamoid bones (os.sa scsanioid«ui) are small more or less rounded 
masses imbedded in eertain tendons and usually related to joint surfaces. 
Tlteir functions probably are to modify pr<*..ssure, to diminisli friction, and 
occasionally to alter the direetion of a mu.scle pull. That they are not 
developed to meet certain physical requirements in tlic adult Ls evidenced 
by tho fact that they are present as cartilaginous nodules in tho f(x;(us, 
and in groatei‘ numbers than in the adult. They must be regarded, according 
to Thilenius, as integral parts of the skeleton pliylogenotieaUy inherited.* 
Physical necessities probably come into play in selecting and in regulating 
the degree of development of the original cartilaginous nodules. Nevertho- 
le.ss, irregular nodules of bone may appear as the result of hitermittenl 
jxressure in certain regions, e.g. the ‘ rider’s bone,’ whicli is occasionally 
developed in the Adductor muscles of the thigh. 

Sesamoid bones are invested by the fibrous tissue of the tendons, except 
on the surfaces m contact with the parts over which they glide, where they 
present smooth articular facets. 

In tho upper extremity the sesamoid bones of the joints are found oidy 
on the palmar surface of tlie hand. Two, of which the inner is the larger, 
are constant at the motacarpo-phalangeal joint of the thumb; one is 
frequently present in the corresponding joint of the little finger, and one 
(or two) in the same joint of the index finger. Sesamoid bones are also found 
occasionally at the metacariK)-phalangeal joints of tho middle and ring fingers, 
at the intcrphalangeal joint of tho thumb, and at the distal interphalangcal 
joint of the index finger. 

In the lower extremity the largest sesamoid bone of the joints is the patella, 
developed in the tendon of tho Quadriceps extensor muscle. On tho plantar 
aspect of tho foot, two, of which the hmer is the larger, are always present 
at the metatarso-phulangcal joint of the great toe; one sometimes at the 

* Morpholog. Atheite'n., I‘JOG, v. p. 309. 
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metatarso-phalangeal joints of the second and fifth toes, one occasionally 
at the corresponding joint of the third and fourth toes, and at the intcr- 
phalangeal joint of the great toe. 

Sesamoid hones apart from joints are seldom found in the tendons of the 
upper limb; one is sometimes seen in the tendon of the Biceps opposite the 
tubercle of the radius. They are, however, present in several of the tendons 
of the lower limb, viz. one in the tendon of the IVroneus longus, where it 
glides on the cuboid ; one, appearing late in life, in the tendon of the Tibialis 
anticus, opposite the smooth facet of the internal cuneiform bone ; one in the 
tendon of the Tibialis posticus, opposite the inner side of the head of the astra¬ 
galus ; one in the outer head of the Gastroenemius. behind the outer condyle 
of tlio femur ; and one in the conjoined tendon of the Psoas and Iliaeus, where 
it glides over the pubis. Sesamoid bones are found occasionally in the tendon 
of the Gluteus maximus, as it passes over the gieat trochanter, and in the 
tendons winch wind round the inner and outer malleoli. 
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T ee various bones of tin* Skeleton arc* connected (o adjacent bones at 
different [)arts of tla-ir surfaces, and sucli connections are termed Joinlft 
or Artieiilalions. Where tlie joints are immovable, as in tlie articulations 
betw(>cn tlu' bones of tlie skull (witli the exception of those of the Jiiandible), 
tlie adjacent margins of th»‘ bones are almost in contact, being separal(“rl 
m(‘r«>ly by a til in layer of fibrous membrane, nami'd the .stttvrol Ugomeul. 
In certain regions at tlu! base of the skull this fibrous membiaiie is rejilaced 
by a layei' of cartilage, ^^'here sUfjhi moviment combined with gieat strength 
is recpiired, the osseous surfaces are united by tough and elastic /i 6 ro-fflrb 7 n. 7 <'s. 
a.s in the joints between tlu* vertebral bodies, and in the interjinbic articulation. 
In i\\v freely motvthle joints the surfaces are completely sojiarated ; the bones 
forming the articulation are genmally exjianded for greater eonvenimiei* of 
mutual connection, covered by eaiiifaijr and held together by strong bands 
or cajisules of fibrous tissue, called li(/amevt,s: such joints an* partially lined 
by a membrane, the ,',ynnvial membrane, which secretes a fluid to lubricate 
the \arious parts of whicli tin* joint is formed. 'I’he structures, therefore, 
which enter into the formation of a movable joint are bone, cartilage, fibro- 
cartilage, liganu'nt, and synovial membrane. 

Bone constitutes tlu' fundamental ehunent of all the. joints. In the long 
bones, the extremities are the jiarts which form the articulations; they are 
generally somewhat enlarged, and consist of spongy cancellous tissue with 
a thin coatitig of compact substance. In the flat bones, the articulations 
usually take jdace at the edges ; and in the short bonc's at various ])arts of 
then- surfaces. The layer of compact bone which forms the joint surface, 
and to which the articular cartilage is attached, is called the articular lanuJla. 
It is white, <'xtr(“melv dense, and varies in thickness. It differs from, ordiiiary 
bone-tissue in that it contains no Haversian canals, and its lacuna* arc larger, 
and have no canaliculi. The vess<'ls of tin* cancellous tissue, as they approach 
the articular lamella, turn back in looj)s, and do not perforate it ; this layer is 
consequently dc'usei- and firmer than ordinary bone, and is evidently designed 
to form ati unyielding suppoit for the articular cartilage. 

The articular cartilage, which coveus the articular sill-faces of bones, i.s 
of the hyaline variety, and has been described in the section on Histology 
(page 21 ). 

Ligaments, properly so called, are ])eculiar to the movable joints, and 
.serve to connect together the articular surfaces of bon(*s. They are composed 
mainly of bundles of white jibroun tin,me jilacod parallel with, or closely inter¬ 
laced w ith one another, and presenting a white, shining, silvery aspect. In 
the freely movable joints, or diarthrodia, they form envelo])t*!S or capsules 
connecting together the articular extremities of bones. Portions of these 
cajisules undergo thickening and form sti'ong ligamentous bands. Those con¬ 
stituent parts of the capsule are usually described as distinct ligamimts, but 
in addition to them there are other jigameuts derived from the muscles 
surrounding the joints. Ligaments arc jiliant and flexible, so as to allow of 
the most ijerfect freedom of movement, but strong, tough, and inextensible, 
so as not to yield readily under the most severely applied force. Some 
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ligaments eonsist entirely of yellow rlnstic tissue, as the ligamenla sub- 
flava, \\hieh connect together th<‘ hiuiiiia> of adjacent vertebra*, and the 
ligamentum niielia? in the lower animals. In these cases it will be observed 
that the elasticity of the ligament is intended to act as a substitute for 
muscular ])ou er. 

Synovial membrane is composed of a thin, delicate, connective tissue, 
with branched connective-tissue corpuscles. Its secretion is thick, viscid, 
and glairy, like the white of egg, and is hence termed synovia. The synovial 
membranes in tlie body admit of subdivision into three kinds—aitkiular, 
bunsal, and vagmal. 

'I’he nrticulnr synovial meniJirancs ai'e found in all the freely movable joints. 
The membrane invests the inner surface of llui capsuh^ enclosing the joint, 
and is reflected over any tendons ])assing through its cavity, as the tendoti 
of the Poplitt'us in the knt'C, and the tendon of the Biceps in the shoulder. 
Hence thc! articular synovial membran<* may be regarded as a short wide tube, 
atta died by its open ends to the margins of the articular cartilages and 
covering tin* inner surfaci* of the capsule which connects tin* articular surfcaccs. 
In the fo'tus this m(*mbrane is said, by Toynbee, to b(* continued over the 
surfaces of the cartilages ; but in the a lult it is wanting, cx<('j)ling at the 
circumfcrcnec of the cartilage, upon which it encroaches for a short distance 
and to which it is firmly attached. In sor e of the joints thc synovial mem¬ 
brane is thrown into folds, winch ])ass across thc cjivity. Tlu'v arc calh*d 
synovial liyamods. and an* »*sj)ccially distinct in thc knee. In other joints tlu'ic 
an* flatt(*m d folds, subdiiidcd at their margins into fringe-likii processes, which 
contain convoluted v(*sscls. 'I’licsc folds generally ])roj(*ct from the synovial 
rncmbraiK! near thc margin of thc cartilage, and lit* flat upon its surface. They 
consist of connectiv(* tissue, covcri'd nith (*ndothelium, and contain fat-cells 
in variable (juant iti«*s, and, more rarely, isolat(*d cartilag<*-c«*lls. Tin* largei* 
folds often contain con.sidcrablc (juantities of fat. Under certain diseased 
conditions, similar ))i()c(*ss(*s are found covering the entire, surface of thc 
synovial membrane, forming a mass of jiedunculatc'd fibro-fatty gi'owths 
\\hii‘h ju'oject into the joint. Siinilai- structures are also found in some of 
thc bursal and vaginal synovial m(‘mhran<*s. 

'^rin* hursal synovial mrtnhranes air* found int(*rj)os(*d between surfaces 
which move u]>on each other, as between tendon and bone, or between the 
integument and })roj(*cting bony surfac(*s. Thi*y admit of subdivision into two 
kinds, thc hnrsa- murosw and the hnrscp synoria\ The hiirstp mncosrv aie large 
simjde. oi- irregular sacs in the subcutaneous areolar tissue, enclosing a clear 
viscid fluid. 'rhc,y aic found below the integument in yarious situations, 
(f.g. oyer thc front of th(* pat(*lla. the olecranon, thc mall(*oli, and other 
piomin(*nt parts. Tin* bursa- synovia- are inter])o.s(*d between muscles or 
tendons, and thc ])roj(*clitig bony surfaces oyer wliich they yilay, as h(*t\\(*(*n 
• In* (Iluicus maximus and tin* great trochanter. Each consists of a thin wall 
of connective tissue, y-artially cov<'n*d byjiatches of cells, and contains a yi.scid 
fluid. Where one of tln^si* (*xists in the neighbourhood of a joint, it may 
communicate with the joint cavity, as in the case of the bursa between the 
ti'iidon of the Psoas and Iliacus and thc capsular ligament of the hiji, or that 
interjKised between the dei^j) surface of (he Subscapularis and the cayisular 
ligament of tin* should(*r-joint. 

Thc vayhial synovial membranes {synmnal sheaths) serve to facilitatt* the 
gliding of tendons in thc osseo-fibrous canals through which they pass. I’he 
membrane is here arrang(*d in thc form of a sheath, one layer of which adheres 
to the wall of thc cajud, and the other is reflected upon the surface of the 
enclosed tendon, thc space between the frei* surfaces of the membrane 
containing synovia. Th(*sc sheaths are chiefly f(*und suiTounding the tendons 
of t he Plexor and Extensor muscles of the fingers and toes, as they jiass through 
the ossoo-fibrous canals in the hand or foot. 

Synovia is a transparent, ymllowish-white, or slightly reddish fluid, viscid 
like the white of egg, and has an alkaline reaction and slightly saline taste. 

Apflied Anaimny .—All synovial membranes, whether articular, bursid. or vaginal, are 
liable to be affected by acute or chronic forms of inflammation, and the processes are 
essentially similar, no matter which kind of synovial membrane is affected. 
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CLASSIFICATION OF JOINTS 


The articulations are divided into tliree classes : synarthroses or immovable, 
amphiarthroses or mixed, and diarthroscs or movable, joints. 

1. Synarthroses. Immovable Articulations 

Synarthroses include aU those articulations in which the surfaces of the 
bones are in almost direct contact, fastened together by an intervening mass 
of connective tissue or hyaline cartilage, and in which there is no appreciable 
motion, as in the joints tetwoen the bones of the skull, excepting those of the 
mandible. There are four varieties of synarthrosis ; Sutura, Schindylesis, 
Gomphosis, and Synchondrosis, 

Sutura is that form of articulation where tlic contiguous margins of the 
bones are united by a thin layer of fibrous tissue, the sutural ligament (fig. 419). 
It is met with only in the skull. When the articulating surfaces.are Connected 
by a series of processes and indentations interlocked together, tlie articulation 


Fic. 419. —Section across the sagittal 
suture. 


Kia. 420.—Section through occipito- 
H]»henoid synchondrosis of an infant. 



is termed a true suture (sutura vera) ; and of tins there are three varieties; 
sutura dentata, serrata, and limbosa. The surfaces of the bones are not iji 
direct contact, being separated by a layer of membrane, continuous externally 
with the pericranium, internally with the dura mater. The sutura deutaia 
is so called from the tooth-like form of the ]jrojecting articular processes, as 
in the suture between the parietal bones. In the sutura serrata the edges of 
the bones are serrated like the teeth of a fine saw, as between th(5 two 
portions of the frontal bone. In tlu* sutura limhosa, there is besides the' 
dentated processes, a certain degree of bevelling of the articular surfaces, 
s«> that the bones overlap one am)thei*, as in the sutun^ between the iwrietal 

and frontal bones. When the 
articulation is formed by roughened 
surfaces placed in apposition with 
one another, it i| termed a fedse 
suture (sutura nothd), of which there 
are two kinds, the sutura squamosa, 
formed by the overlapping of con¬ 
tiguous bones by broad bevelled 
margins, as in the squamo-parietal 
(squamous) suture ; and the sutura 
hannonia, where there is simple 
apposition of contiguous rough 
surfaces, as in the articulation between the maxillse, or between the horizontal 
plates of the palate bones. 

Schindylesis is that form of articulation in which a thin plate of bone 
is received into a cleft or fissure formed by the separation of two laminae in 
another, bone, as in the articulation of the rostrum of the sphenoid and 
perpendicular plate of the ethmoid with the vomer, or in the reception of the 
latter in the fissure between the maxillae and between the ])alate bones. 

Gomphosis is articulation by the insertion of a conical process into a socket, 
as a nail is driven into a board; this is not illustrated by any articulation 
between bones, properly so called, but is seen in the articulations of the teeth 
with the alveoli of the mandible and maxilla?. 


Fig, 421.—Diagrammatic .section ot a 
symphysis. 
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Synchondrosis.— ^Where the connecting medium u cartilage the joint in 
termra a syncliondrosiB (fig. 43)). This is a temporary form of joint, for the 
cartilage becomes converted into bone before adult life. Such joints are found 
between the epiphyses and shafts of long bones, between the occipital and 
the sphenoid at, and for some years after, birth, and Iwtween the petrous 
portion of the temporal and the jugular pro'* ' occipital. 


2. Amphiaethroses. Mixed Aeticitlations 

III this form of articulation only a slight amount of movement is possible. 
The contiguous bony surfaces are either connected together by broad flattened 
discs of fibro-eartilago, of a more or less complex sti uctun', as in the articula* 
tions between the bodies of the vertebrae (fig. 421); or ai'e united by an inter¬ 
osseous ligament, as in the inferior tibio-fibular articulation. The first form 
is termed a Symphysis, the second a Syndesmosis. 

3. DiAETHEOSES. MoVlBf.E AKTIl’ULATTOJirS 

This form of articulation mcludes the greater numbei of the joints in the 
body, mobility being their distinguishing characteristic. A diarthrodial joint 
is formed by tlie approximation of two contiguous bony surbwes covered with 
cartilage, and connected by liga¬ 


ments lined by synovial membram 
(fig. 422). It may be divided, com¬ 
pletely or incompletely, by an 
interarticular fibro-cartilage or 
meniscui, the periphery of winch is 
continuous with the capsular liga¬ 
ment while its free surfaces are 
covered by synovial membrane 
(fig. 423). 

The varieties of jomts ui this 
class have been determined by the 
kind of motion permitted in each. 
There are two varieties in which 
the movementt is uniaxial; that is 
to say, all movements take place 
around axis. In om* form, the 
GinglynlB^ this axis is, practically 
sjiealung.' transverse ; in the other, the 
tudinal. There arc two varieties wheie 
two hotizonlal 


Fro. 422.—DiaRramniatu section ot a 
diaithiodiai joint. 
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Trochoid or pivot-joint, it is longi- 
Ihe movement is bi-axial, or around 
axes at light angles to eaeh other, or at any intervening axis 

between the two. Those are the 
t'ondyloid and the’ Saddlerjoint. 
Then* is one fonn where the move¬ 
ment is polyaxial, the Enarthrosis 
or ball-aiid-sockct joint, and finally 
there are the Arthrodia or gliding 
joints. 

Ginglymus or Hinge-joint.— 

In this form of joint the articular 
surfaces are moulded to each other 
in such a manner as to permit 
motion only in one plane, forwards 
and backwards, the extent of 
motion at the same time being con¬ 
siderable. The direction which the 
distal bone takes in this motion is 
never in the same plane as that of 
* the axis of the }>roximal bone ; 

there is always a certain amount of deviation from the straight line during 
flexion. The articular surfaces are connected together by strong lateral liga¬ 
ments, which form their chief bond of union. The best examples of ginglymus 


Fu.. 423. — Diagramniatir swtion of a 
durlhiodial joint, wiUi an intciaitieuldi 
iibro-caitilage. 
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are the interphalAi^eay oints and the joint between the hmneras and ulna; the 
Imee and ankle-joints IKre less typical, as they allow a slight d^^ of rotation 
ox lateial movement in certain positions of the limb. 

Trochoid or Pivot-joint. —^Where the movement is limited to rotation, 
the joint is formed by a pivot-like process turning within a ring, or a ring on a 
. pivot, the ring being formed partly of bone, partly of ligament. In the superior 
radio-ulnar articulation, the ring is formed by the lesser sigmoid cavity of the 
ulna and the orbicular ligament; here, the head of the r^ius rotates u'ithin 
the i-ing. In the articulation of the odontoid process of the axis with the 
atlas, the ring is formed in front by the anterior arch of the atlas, behind, by 
the transverse ligament; here, the ring rotates round the odontoid process. 

Condyloid Articulation. —In this form of joint, an ovoid articular head, 
or condyle, is receivedtinto an elliptical cavity in such a manner as to permit 
of flexion, extension, adduction, abduction and circumduction, but no axial 
rotation. The articular surfaces are connected together by anterior, post erior, 
and lateral ligaments. The wrist-joint is an example of t his foi'in of articulatioit. 

Articulation by Reciprocal Reception {saddle-joint).- - In this variety 
the opposing surfaces arc reciprocally c:on(‘avo-convox. The ruovemeuts are 
the same as in the preceding form ; that is to say, flexion, exttuision, adduction, 
abduction, and circumduction are allowed, hut ho axial rotat ion. The articular 
surfaces arc (connected by a capsular ligament. The best example of this 
form is the carpo-metaearpal joint of the thumb. 

Enarthrosis is that variety of joint in which tlie distal bone is eaj)able of 
motion around an indefinite number of axes, which have one common centre. 
It is formed by the reception of a globular liead into a deep cup-like cavity 
(hence the name ‘ball-and-socket ’), the parts being kept in apposition by a 
capsular ligament strengthened by accessory ligamentous hands. lUxainplcs 
of tliis form of articulation are found in tlie hip and shoulder. 

Arthrodia is a variety of joint which admits of only gliding movement ; 
it is formed by the apposition of plane .surfaces, or one slightly i:oncavc, 
the other slightly convex, the amount of motion between them being limited 
by the ligaments oi- osseous processes surrounding the articulation ; as in the. 
joints between the articular processes of the vertebrae, tlie carpal Joints, 
except tliat of the os magnum with the scaphoid and semilunar, and tlie tarsal 
joints with the exception of that between the astragalus and tlie navicular. 

Oil the next page, in a tabular form, are the names, distinctive characters, 
and examples of the diflerent kinds.of articulations. 


The Kinds oe Move.ment admitj'eu in .Joints 

The movements admissible in joints may be divided into four kinds : gliding 
and angular movements, cireuniduction, and rotation. These movenients arc often, 
ho wever, more,or less combined in the various joints, so as to produce an infinite 
variety, and it is seldom that wc find only one kind of motion in any particular joint. 

Gliding movement is the 8imple.st kind of motion that can take place in u joint, 
one surface gliding or moving over anotlicr without any angular or rotatory move¬ 
ment. It is common to all movable joints ; but in some, as in most of the articula¬ 
tions of the carpus and tarsus, it is tlie only motion permitted. This movement 
is not confined to plane surfaces, but may exist between any two contiguous surfaces, 
of whatever form. 

Angular movement occurs only lietweeii the long bones, and by it the angle 
betw'efen the two bones is increased or diminished. It may take place: (1) forwards 
and backwards constituting flexion and extension, or (2) inwards and outwards 
from the mesial line of the body (or in the fingers or toes from the middle line 
of the hand or foot) constituting adduction and abduction. The strictly ginglymoid 
or hirige-joints admit of flexion and extension only. Abduction and adduction, 
combined witli flexion and extension, are met with in the more movable joints; 
as in the hip, the shoulder, the carpo-inetacarpal joint of the thumb, and the wrist. 

Gircumduetion is that form of motion which takes place between the head of 
a bone and its articular cavity, when the bone is itiade to circumscribe a conical 
space; the base of the cone is described by the inferior extremity of iJie bone, 
the apex is in the articular cavity ; this kind of motion is best seen m the shoulder- 
and hip-jointa. 



MOVEJCENfS ADMITTED IN SAINTS 




Symirthrosia, 
or Immovable 
Joint. Surfaeos 
separated by fi¬ 
brous membrane 
or cartilage,with¬ 
out any inter¬ 
vening synovial 
cavity, and im¬ 
movably con¬ 
nected with twMih 
other. As in 
joints of cranium 
and face (except 
the maiulible). 


Amp/iiarlhmsis, j 
Mixed Ai’ticula- 
tion. 


Sutura. 

ticulation 


Ar- 

by 

processes and 
indentations 
interlocked to¬ 
gether. 


Stdura vera 


by indented bor¬ 
ders 


(k denicUa, hAvittg 
tooth - like processes ; 
as in interparietal su¬ 
ture. 

aerrata, having ser- 

in interfrontal suture. 

limbom, having be¬ 
velled margins, and 
dentated processes; as 
r in fronto-parietal su- 
^ turt\ 

, BqvMmosa, formed 

I by tliin bevelled mar¬ 
gins, overlapping each 
other; as in aquanjo- 


Sutara nothn 

(false articulates ) parietal suture 
by rough sur- S harmonia, formed 
fa^'cs. I by the apposition of 

contiguous rough sur¬ 
faces ; as in inter- 
' maxillary suture. 

SchiiuiylcKis .—Aiticulatioii formed by the recc'ption 
of a tliin plate of one bone into a fissure in another; cOS 
in articulatifin of roslrum of sphenoid with vomer. 

(bmtphofiia. - .Articulation formed by the insertion of a 
conical process into a socki*t; as in the teeth. 

' Synchorulroftia .—When the connecting medium is carti- 

' lage, as in the occipito-sjihcmoid joint. 

1 Symphytiis. —Surfaces connected by fibro-cartilage, not 
seiiai'ated by synovial membi'ane, and having limited 
motion; as in joints betvvi'cn bodies of v^ertebra*. 

*V//rt,rfcwno,s/.s, — Surfaces united by an iiitcrosscous liga¬ 
ment. As in the inferior tibio-fibular articulation. 

(ihu/lymm. —Hing<>-joint; motion limited to two dhec- 
tions, forwaixls ami backwards. Articular surfaces fitteil 
together so as to yjermit of movement in one plane ; 
as in the interplialangeal joints and the joint between the 
humerus and the ulna. 


rHarthrosis, 
Movable Joint. 


Trochoid or pfwt-yVa'jit.--Articulation by a pivot-process 
turning within a ring, or a ring rouml a pivot; as in 
superior radio-ulnar articulation, and atlanto-axial joint, 

Otmdyloid. -i)\o\d head received into elliptical cavity. 
Movements in every direction e.xcejit a.vial rotation; as 
\ the wTist-joint. 

Reciproail Reception {mddh-joint). -Opposed articular 
surfaces reciprocally convex in one direction and concave 
in the other. Movement in every direction but no axial 
rotation ; as in the carpo-metacarpal joint of the thumb. 

Enarlhrosis. —Ball-and-socket joint; capable of motion 
in all directions. Arf iculation by a globular head received 
into a cup-like cavity; as in hip- and slioulder-joints. 

Arthrodia. — Gliding-joint; articulation by plane sur¬ 
faces, which glide upon each other; as in the carpal and 
tarsal articulations. 


Rotation is a form of movement in which a bone moves round a central axis 
without undergoing any latiwal displacement; the axis of rotation may lie in a 
separate bone, as in the case of the pivot formed by the odontoid process of the axis 
vertebra around which the atlas turns; or a bone may rotate around its own 
longitudinal axis, as in the rotation of the humenis at the shoulder-joint; or the 
axis of rotation may not be quite parallel to the long axis of the bone, as in the 

B B 3 
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movement of the ladius on the ulna during pronation and supination of the hand, 
where it is represented by a line connecting the centre of the head of the radius 
above with the centre of the head of the ulna below. 

Idijamentous Action of Muscles .—The movements of the different joints of 
a limb are combined by means of the, long muscles passing over more than 
ojie joint. These, when relaxed and stietched to their greatest extent, act as 
elastic ligaments in restraining certain movements of one joint, except when 
combined with corresponding movements of the other—the latter movements 
being usually in the opposite direction. Thus the shortness of the hamstring 
muscles prevents complete flexion of the hip, unless the knee-joint is also flexed 
so as to bring their attachments nearer together. Tlie uses of tliis arrangement 
arc threefold. 1. It co-ordinates the kinds of movements which are the most 
habitual and necessary, and enables them to be pcirfornied with the least expendi¬ 
ture of power. ‘ Thus in the usual gesture of the arms, wlicther in grasping or 
rejecting, the shoulder and the elbow are flexed simultaneously, and simultane¬ 
ously extended.’ in consequence of tin; passage of the Biceps and Triceps over 
both joints. 2. It enables the short n\uscles which jiass over only one joint to 
act upon more than one. ‘ Thus, if the Itectus femoris remain tonically of such 
length that when, .stretched over the extended hip, it compels extension of the 
knee, then the Gluteus maximus becomes, not only an extensor of the hip, but 
an extensor of the knee as well.’ 3. It jirovides the joints with ligaments which, 
while they are of very great power in resisting movements to an extent incom¬ 
patible with the mechanism of the joint, at the same time spontaneously yiedd 
when necessary. ‘ Taxed beyond its strength a ligament will be ruptured, whereas 
a contracted muscle is easily relaxed ; also, if neighbouring joints be united by 
ligaments, the amount of flexion or extension of c.ach must remain in constant 
proportion to that of the other ; while, if the union be by muscles, the sejiaration 
of the points of attachment of those muscles may varj' considerably in diflerent 
varieties of movement, the muscles adapting themselves tonically to the length 
required.’ The quotations are from a very intm-csting jiapcr by Cleland in the 
‘ .fournal of Anatomy and Physiology,’ No. 1, 18G6, p. 85 ; by whom this important, 
fact in the mechanism of joints was first clearly pointed out, though it was 
independently observed afterwards by other anatomists. W. W. Keen points out 
how impoitant it is ‘ that the surgeon should remember this ligamentous action 
of muscles in making passive motion—for instance, at the w’rist after Oolles’s 
fracture. If the fingers be extended, the wrist can be flexed to a right angle. 
If, however, they be first flexed as in “making a fist,” flexion at the wrist is quichly 
limited to from forty to fifty degrees in diflerent persons, and is very painful beyopid 
that point. Hence passive motion here, sliould Ixi made with th<! fingers extended. 
In the leg, wlieip flexing the hip, the knee should bo flexed.’ Keen further points 
out that ‘ a beautifid illustration of tliis is seen in the perching t>{ biids, whose 
toes are forced to clasp tlic perch by just such a passive ligamentous action .so 
soon as they stoop. Hence they can go to .sleep and not. fall off the pereh.’ 

The articulations may bo grouped into tho.so of tlio trunk, those of the 
upper extremity, and those of the lower extremity. 


ARTICULATIONS OF THE TRUNK 
These may be divided into the following groups, viz. : 

I. Of the vPTtebral column. \T. Of the cartilages of the ribs with the 

TI. Of tin* pitlsis with the axis. sternum, and with cjujIi other. 

III. Of the; vertebral column witli VII. Of the sternum. 

the cranium. VIII. Of the vertebral column with the 

IV. Of the mandible. pelvis. 

V. Of the ribs witli the vertebra". IX. Of the pelvis. 

I. ARTICULATIONS OF THE VERTEBRAL COLUMN 

There are tw'o varieties of articulation in the vertebral column : 1. Those 
between the bodies of the vertebr®, which form a series of amphiartlirodial 
joints, and are termed the intercentral. 2. Those between the articular 
processes, which form a series of arthrodial joints, and are termed intemeural. 
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1. InTERCENTHAL AkTICUIiATIONS 

The intercentral articulations, or articulations between the bodies of the 
vertebra}, belong to the class of anij)hiarthi‘odial joints, and the individual 
vcrtebrse move only slightly on each other. When, however, this slight 
degree of movcTncnt between the pairs of bones takes place in all the joints 
of the vertebral column, the total range of movement is vciy considerable. 
The ligaments of these articulations are the following : 

Anterior Common Ligament. Posterior Common Ligament. 

Intervertebral Discs. 

The Anterior Common Ligament (lig. longitudinalo anterius) (figs. 424, 
435. and 442) is a broad and strong baud of fibres, which extends along the 
anterior surfaces of the bodies of the vertebra?, from the axis to the sacrum. 
It is broader below than above, thicker in the thoracic than in the cervical 
or lumbar region, and somewhat thicker opposite the bodies of the vertebrae 
than opposite the intervertebral discs. It is attached, above, to the body of 
Ihc axis, where it is continuous with the antc'-rior allanto-axial ligament, and 


Km. 424.—Vertical section of two lumbar vertebraj and their ligaments. 



c.xtcnds down as far as the upper part of tlie front of the sacrum. It consists 
of dense longitudinal fibres, which are intimately adherent to the inlerverte- 
brfil discs, and the jiromincnt margins of the vertebra?, but not to the middle} 
parts of the bodies. In the latler situation the fibres are exceedingly thick, 
and serve to fill up the concavities on the anterior surfaces, and to make 
the front of the vertebral column more even. The ligament is composed of 
several layers of fibres, which vary in length, but are closely interlaced with 
each other. The most superficial fibres are the longest and extend between 
four or five vertebrae. A second, subjacent set extends between two or three 
vertebrie; while a tliird set, the shortest and deepest, extends from one vertebra 
to the next. At the sides of the bodies the ligament consists of a few short 
fibres, which pass from one vertebra to the next, separated from tlie median 
jjortion by oval apertures for the passage of vessels. 

The Posterior Common Ligament (lig. longitudinole posterius) (figs. 424, 
425) is situated within the spinal canal, and extends along the posterior surfaces 
of the bodies of tlwe vertebrae, from the body of the axis, where it is continuous 
with the occipito-axial ligament, to the sacrum. It is broader above than 
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below, and thicker in the thoracic than in the cervical or lumbar regions. 
In Ihc situation of the intervertebral discs and contiguous margins of the 
vertebrse, where' the ligament is more intimately adherent, it is broad, and in 
the thoracic and lumbar regions presents a series of dentations with intervening 
concave margins; but it is narrow and thick over the centres of the bodies, 
from which it is s(?parated by the venop bads wrtehrm. This ligament is 
composed of smooth, shining, longitudinal fibres, denser and more compact than 
those of the anterior ligament, and consists of superficial layers occupying 
the interval between three or four vertcbi’a.', and deeper layers which extend 
between one vertebra and the next adjacent to it. It is separated from the 
dura mater of the spinal cord by some loose connective tissue. 

The Intervertebral Discs (fibrocartilagincs intcrvertcbrales) (figs. 424; 
436) arc interposed between the adjacent surfaces of the bodies of the vertebraj, 
fi’om the axis to the sacrum, and form the chief bonds of connection bt'-tween 
the vertebrae. They vary in shape, size, and thickness, in different parts of tht' 
vertebral column. In shape and size they correspond wil li the surfacics of the 
bodies betAi'cen whicdi they are placed, except in the cervical region, where the}' 
are slightly smaller from side to side than the corrcsjKmdiug bodies. In thick¬ 
ness tliey ' ary not only in the different regions of the column, but in different 

parts of the same disc ; they are thicker 
in front than behind in the ticrvieal 
and lumbar regions, and thus <-on- 
Iribute to tin* anterior convexities of 
the column in these regions; while 
tliey are of nearly uniform thickness in 
the thoracic region, the anterior eon- 
cavity of ihis region being almost 
enfirely owing to the shape of the \'er- 
Icbral iiodies. The interverlcbral discs 
constitute about one-fourth of the 
length of (he s]>innl column, exclusive 
of the first, two vertt'brie; but this 
amount is not ecpially distributed 
between the various bones, the <rrvical 
and lumbar portions having, in jiropor- 
tion to (heir length, a much greater 
amount than the thoracic region, with 
the rtisult that these jiarts possess 
greater pliancy and freedom of move¬ 
ment. The interverti'bral discs arc 
adherent, by their surfaces, to thin 
layers of hyaline cartilagi^ which cov(“r 
the upiier and under surfaces of the 
bodic's of (he icrtebra', and in nhich, in early life, the epiphysial plates 
develop ; by their cireumfcrenci's they arc closely connected in front to the 
anterior, and behind to thcpostia ior, common ligaments. In the thoracic region 
they arc join<;d laterally, by means of the intcrarticular ligaments, to the 
heads of tliosi! ribs which articulate with two vertebra!: they consequently 
form jiaris of the articular cavities in which the heads of these ribs are^Tcceived. 

Structure of the Intervertebral Discs.— Each is composed, at its circumfcrcnci-. 
of lamina) of fibrous tissue and libro-eartilage, forming the annulus fibrosus ; and, 
at its c<‘ntre, of a soft, pulpy, highly elastic substance, of a yellowish colour, which 
rises tip considerably above the surroimding level when the disc is divided 
horizmitally. This i)ulpy subst.ance {nucleus 'pulposus), especially well developed 
in the lumbar region, is the remains of the notochord. The laininse arc arranged 
concentrically; the outermost consist f)f ordinary fibrous tissue, the others of 
white fibro-caitilage. The lamiuse arc not quite vertical in their direction, those 
near the circuniieienco being curved outwards and closely approximated ; while 
those nearest the centre cuive in the o])posite direction, and are somewhat more 
widely separated. The fibres of which each lamina is composed are directed, for 
the most part, obliquely from above downwards, the fibres of adjacent laminm 
passing in opposite directions and varying in every layer: so that the fibres of 
one layer are directed across those of anotfier, like tke limbs of the letter X. This 


Fio. 425.—Posterior common ligament, 
in the thoracic region. 
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laniijiar aiTangemeiit belongs to about the outer half of each disc. The pulpy 
substance presents no concentric arrangement, and consists of a fine fibrous matnx, 
containing angular cells united to form a reticular structure. 

Applied Anatomy ,—^Wlien an aneurysm presses on the Vertebral column, the vertebral 
bodies are often deeply eroded by the tumour, while the intervertebral discs remain 
intact. The discs are the first to bo destroyed, however, in tulsireulosis of the spine, where, 
us not infrequently happens, the disease begins in the discs, and spreads thence to the 
bodies of the two adjoining vertebr® simultaneously. 

2. Intebneural Abticulations 

The interneural articulations, or articulations between the articular pro¬ 
cesses of the vertebrae, belong to the arthrodial variety of movable joints. 
The processes are connected together by capsular ligaments, which are lined 
.by synovial membranes ; but in addition to these are a number of ycessory 
ligaments, wliieh connect together the lamina*, spinous and transverse 
processes. The; ligaments of the interneural articulations are : 

Cayisular. Suj)raspinous. 

Ligamenta subflava. Interspinous. 

Intertrans’H'rse. 

v/ 

Tlie Capsular Lig^aments (capsula* articularos) (fig. 424) arc thin and 
loose ligamentous sacs, attached to the contiguous margins of the articular 
processes of adjacent vertebra*. Each ligament Is defective'internally, where 
tile.’sac is completed by the liganientum subflavum. Tliey are longer and 
loosci- in the cervical than in the thoracic or lujubar regions. I’he capsular 
ligaments are lined on their inner surfaces by s 3 movial membrane. 

'RUe Ligramenta Subflava (ligg. flava) (fig. 426) connect the lamina* of 
adjacent vertebra!, from the axis to the first segment of the sacrum. Tliey arc 
b«!st seen when viewed from the ulterior of the spinal canal : when looked at from 
tljc outer surface they aj)])ear 
short, being ovcrlapf)ed by the 
lamin.‘c. Eacli ligament con¬ 
sists of two lat<!ral portions, 
wiiicli coinniencc one on eithei' 
side at tlie roots of the articular 
])r<»cess<!s, and extend baek- 
wards to the [mint wliere tlie 
huninse converge to form tlie 
.spinous process ; tlie [lostenov 
margins of the two jmrtions are 
in eontnet and to a eertaiii 
extent united, slight intervals 
being left for the [inssage of 
small vessels. Eatih ligament 
consists of yellow elastic tissue, 
the fibres of which, almost 
perjicndictllar in direction, are 
attached to the anterior surface 
of tlie lamina above, some dis¬ 
tance from its hifcrior margin, 
and to the posterior surface and 
upper margin of the lamina 
below. In the cervical region 
the ligaments are thin, but very broad and long ; they become thicker in the 
thoracic region, and in the lumbar region acquire very considerable thick¬ 
ness. Their highly elastic property serves, to preserve the upright posture, 
and to assist the vertebral column in resuming it, after flexion. Tlie.se 
ligaments do not exist between the occiput and atlas, or l>etween the atlas 
and axis. 

^le ^ suprasplnale) (fig. 424) is a strong 

nbrous cord, which connects together the apices of the spmous processes 
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from the seventh oervioal vertebra to the sacrum. It is thicker and broader 
Iff Ihe 'IrnnKw' intimately blended, in 

both situations, 'with the neighbouring aponeurosis. The most superficial 
fibres of this ligament cqnnect three or four ve^brae; those more deeply 
seated pass between two or three vertebra5; while the deepest connect the 
spinous processes of neighbouring vertebrae. It is continued upwards to the 
. ^temal occipital protuberance and crest, as the ligamentum nuchae. 
w The Ligfamentum nuchm is a fibious membrane, which, in the neck, 
represents the supraspinous ligaments of the lower vertebrae. It extends from 
the external occipital protuberance and crest to the spinous process of the 
seventh cervical vertebra. From its anterior border a fibrous lamina is given 
off, which is attached to the posterior tubercle of the atlas, and the spinous 
processes of all the cervical vertebrae, so as to form a septum between the 
muscles on either side of the neck. Inman it is merely the rudinunt of an 
important elastic ligament, which, in some of the lower animals, serves to 
ll^tain the weight of the head. 

" The Interspinous Ligaments (ligg. interspinalia) (fig. 424), thin and 
membranous, are interposed between tJie spinous processes. These ligaments 
extend from the root to the apex of each spinous process, connecting togetlier 
their adjacent margins. They meet the ligamenta subfiava in front and tlie 
supraspinous ligament behind. They are narrow and elongated in the thoracic 
region ; broader, quadrilateral in form, and thicker in the lumbar region ; 
ai^ only slightly developed in the neck. 

"^The Intertransverse Ligaments (ligg. intertransversaria) are interposed 
between tlie transverse processes. In the cervical region they consist of a 
few irregular, scattered fibres ; in the thoracit; region they arc round»‘d cords 
intimately connected with the deep muscles of tlie back; in the lumbar 
region they arc thin and membranous. 

Movements.—The movements permitted in th(! vertebral column arc!. Flexion, 
Extension, Lateral movement, (Srcnmductioii, and Rotation. 

In Flexion, or movement forwards, the anterior common ligament is relaxed, 
and the intervertebral discs are (tomprcissed in front; while tlie posterior 
common ligament, the ligamenta siibflava, and tlie inter- and suju’a-spinous 
ligaments arc stretched, .-is well as the posterior fibres of the intervertebral discs. 
The interspac(ss between the laminae are widened, and the inferior arthiular 
processes glide upwards, upon the superior articular processes of the subjacent 
vortebne. Flexion is the most extensive of all the movements of the vertebral 
column. 

In Extension, or movement backwards, an exactly opposite disposition of 
the parts takes place. This movement is not extensive, being limited by the 
anterior common ligament, and by the ap 2 )roximatiou of the spinous processes. 

In Lateral MiOJcmenL, the sides of the intervertebral discs arc compressed, 
the extent of motion being limited by the resistance offered by the surrounding 
ligaments. This movement may take place in any part of the column, hut is 
freest in the neck and loi»is. 

(Urcamduction is very limited, and is merely a succession of the preceding 
nio\ einents. 

Eolation is produced by the twi.sting of the intervertebral discs ; this, although 
only slight betwe.en any two vertobne, produces a conside-rable extent of move¬ 
ment wiien it takes place; in the whole length of the c-olumn, the front of the 
upjeer jeart of the ce)liimu being turned to one or othej’ side. This movement 
occurs t<j a sliglit extent in tin; neck, is freer in the upper part ot the thoracic 
region, and absent, in the; lumbar region. 

The e.xtent and variety of the luovomenis arc influenced by the shape and 
direction of the articular surfaces. 

In the exnieal region the upward inclination of the superior articular surfiices 
allows of free ffexion and extension. Extension can In; carried farther than flexion ; 
at the upper end of the region it is checked by the locking of the posterior edges 
of the superior atlantal facets in the posterior condyloid fossjc of the occipital bone ; 
at the low'er end it is limited by .a mechanism whereby the inferior articular pro¬ 
cesses of the seventh cervical vertebra slip into grooves behind and below the superior 
articular processes of the first thoracic. Flexion is arrested when tlio cervical 
convexity is straightened; the movement is checked by the apposition of the 
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projecting lower lips of the bodies of the vertebrae with the giving sorfat^ ei> 
the bodies of the subjacent vertebrae. Lateral flezion and rotation we fteejn the 
cervical region; they are, however, always combined. The upward and inward 
inclinations of the .superior articular surfaces impart a rotatory movement during 
lateral flexion, while pure rotation is prevented by the slight inward slope of these 
surfaci‘8. 

In the thoracic region, notably in its upper part, all the movements are limited 
in oi-d<‘r to reduce interference with respiration to a minimum. The almost com¬ 
plete absence of an upward inclination of the superior articular surfaces prohibits 
.niy marked flexion, while extension is checked by the contact of the inferior 
.iitioular margins with the lamina?, and the contact of the spinous processes with 
one another. The mechanism between the seventh cervical and the first thoracic 
vcrlebrsB, wliich limits extension of the cervical region, will also serve to limit 
flexion ol the thoracic region when the neck is extended. Rotation is free in the 
Ihoracic region : the superior articular processes arc segments of a cylinder whose 
.ixis is in the mid-ventral line of the vertebral bodies. The direction of the articular 
facets would allow of free lateral flexion, but this movement is considerably limited 
m the upper part of the region by the resistance of the ribs and sternum. 

In Ibe lumbar region flexion and citension arc free. Flexion can be carried 
I ait her than extension, and is |)ossiblc up to the straightening ol the lumbar curve; 
It IS, tlierefore, greatest at the lowest })art win. ’c the eurve is .sharpest. The inferior 
.irticular facets are not in close ajipositiou with the superior facets ot the subjacent 
verlebr.c, and on tlii.-; account a considerable amount ol lateral flexion is permitted. 
For the same leasou a slight amount ol rotation can be carried out, but this is so 
soon cheeked by the iiiteiloeking of the arlienlar surfaces that it is negligible. 

The jiriiuipal imnseles which produce Jlcxiov are the Kteriio-mastoid, Rectus 
capitis anticub major, and Longiis colli; the Scahmi; the abdonunal muscles 
.ind the Vsons magnus. Erlcusiov is produced by the fourth layer of the muscles 
ol the back, assisted in the nock by tli<‘ Spleinus, Semispiiiales dorsi et colli, and 
flic Multifidus spina'. Lateral motion is produced by tiu' fourth and fifth lavers ot 
1 he muscles oJ the back, by the Spleiiins, the Scaleiii, the Quadratus lumbomni 
ami the Psoas magnus, the muscles of one side only acting ; and rotation by tlie 
action of the following muscles ol one side only, viz. the Sterno-mastoid, the Rectus 
capitis anticus major, the Scaleni, the Multifidus .sjiiinc, the Corniilcxiis, and the 
abdoniin.il muscles. 


n Alt'l U'UI.ATIOX <»'' 'lllh VITAS WiXII THK AXJS 

'I’Ik' articulation of the Atlas with the Axis is of a complicated nature, 
coinjuising no fewer than four distinct joints. There is a pivot articulation 
between the odontoid process of the axir and the ring foriucd by the anterior 
ari'li of the atlas and the transverse ligament (sec fig. 429) ; lieie there are 
two joints : one in front betw’eeu the jiostcrior surface of the anterior arch 
of the atlas and tlio front of the odontoid process ; the other between the 
anterior surface of the <iansv«*rse ligament and f hi' back of the process. Betwc'i'n 
tlie articular processes of the two bones tliei-e is on either side an arthrodial 
or gliding joint. TJie ligaments which connect tlicse bones arc: 

Two t’apsular. Posterior Atlanto-axial. 

Anterior Atlanto-axial. Transverse.* 

,/ 

The Capsular Ligaments (capsulai articulares) are two thin, loose «‘apsules, 
connecting thi* lateral masses of the atlas with the margins of the superioi 
articular surfaces of the axis. Each is strengthened at its posterior and innei 
part by a ligamentous hand, the acccfisory liyamoit, which is attached below' to 
tlie body of the axis near the base of the odontoid imieess, aaid above to the 
latoral niass of tJie atlas near the transverse ligament. 

✓ The Anterior Atlanto-axial Ligament (tig. 427) is a strong membrane, 
fixed, above, to the low'cr border of the anterior arcli of the atlas; below, 

* ll tias been found mce-saiy In desrrilH' the tiansM'i -,0 wiIli those of Iht .ilhis 

and axis; but the student must reiiipudier that it is really a ixution oi the ineihamsiu Iw 
whieh tic niuvomenls oi the bead on the vertehi.i] eoluuin are legiihded, .so llial the 
eoimeetions between the atlas and axis ouf^ht always to he studied in association vMth those 
between the axis and the skull. 



378 


SYNDESMOLOGY 


to the front of the body of the axis. It is strengthened in the middle line by 
a rounded cord, which is (“onnccted, above, to the tubercle on -the anterior 
arch of the atlas, and below to the body of the axis, and is a. continuation 
upwards of the anterioi' common ligament. The ligament is in relation, in 
front, with the Recti antiii majorcs. 

The Posterior Atlanto-axial Ligament (fig. 428) is a broad, tlnn 
membrane, attaclicd, above, to the lower border of the posterior arch of the 
atlas ; below, to the upper edges of the laminae of the axis. This ligament 
supf>lios the place of the ligainenta snbtlava, and is in relation, behind, with 
the Inferior oblique muscles. 

The transversum atlantis) (figs. 429, 430), 

is a thicl^n^ffongTBSJia, wliicn arches across the ring of the atlas, and serves 
to retain the odontoid process in contact with its anterior arch. It is concave 
in front, convex behind, broader and thicker in the middle than at eitlier 
extremity, and firmly attached on either side to a small tubercle on the inner 
surface of the lateral mass of the atlas. As it crosses the odontoid process, a 


Kn». 427.—Occipito-atlantal and atlanlo-axial ligaments. Front view. 



small fasciculus (rrvs mperius) is prolonged upwards, and another (cr?<« inferivs) 
downwards, from the sujmrficial or posterior fibresof the ligament. The former 
is inserted into the basilar procsoss of the occipitiJ bone, in close relation with 
tin* occipito-axial ligament; the latter descends, to be attached to the ])Osterior 
surface of the body of IIk* axis ; hence, the whole ligament has received the 
name of cniri/orm (lig. CTTiciatum atlantis). The transverse ligament divides 
the ring of the atlas into two unequal parts : of these, the posterior and largci’ 
Herve.s for the transmission of the spinal cord and its membranes and the spinal 
accessory nerves ; the anterior and smaller contains the odontoid process. 
The neck of the odontoid ])rocess is constricted where it is embraced posteriorly 
by the transverse, ligament, so that this ligament suffices to retain the odontoid 
process in position after all the other ligaments have been divided. 

There are fovr Synovial Membranes in this articulation : one lining the 
inner surface of each of the caj)sular ligaments ; one between the anterior 
surface of the odontoid proce.s8 and the anterior arch of the atlas, and one 
between the po8terit)r surface of the odontoid process and the transverse 
ligament. The latter often communicates with those between the condyles of 
the occipital bone and the articular surfaces of the atlas. 
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Movements. —This joint allows tho rot.-ition of the atlas (and, with it, of the 
cranium) upon the axis, the extent of rotation being limited by the odontoid 
ligaments. 


fro. 428.—Oecipito-atlantal and atlanto-axial ligaments. Posterior view. 



Tlii‘ o()|u).^e(I aitieiilar .suii'aees of the atlas and axis are not reeij»roeally curved ; 
both '<miaep'< are convex in tlieir lone axes. When, therefore, tlie upper facet 
glides lorwards on the low(*r it also descends ; the iilires of the capsular ligaimmt 


FiU. 42!).-—Articul.'ition het w ecu odontoid jiroccss anil atla.s. 



are relaxed iu a vertical direction, and will then pennit of movement in an antero¬ 
posterior direction. By this moans a shorter capsule sufllces and the strength 
of the joint is materially increased. 

* Corner (‘The Physiology of tlie Atlanto-axial Journal of Anatmuy and PliynUiloijij. 

V '1. xli.) states that the movement's which take jiluce at these articulations aro of a compie.x 
tiatme. ^ The first pai’t of the movement is an eccentric or asymmetrical one; tlie atlanto¬ 
axial joint of the side to which the head is moved is fixed, or practically fixed, hy t he mu.sclcs 
of the neck, and forms the centre of the movement, while the opposite atlantal facet it carried 
downwards and forwards on the coiTespondiiig axial facet. The second part of the movement 
IS centric and symmetrical, the odontoid process forming the axis of the movement. 
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The principal muscles by which these movements are produced are the Sterno- 
mastoid and Complexus of one side, acting with the Kectus capitis anticus major, 
Splenius, Trachelo-mastoid, Kectus capitis posticus major, and Inferior and Superior 
oblique of the other side. 

III. ARTlCUIiATTONB OF THE YEKTEBE.Mi COTiUMN WITH THE CllANIUM 

The ligaments connecting the vertebral column with the cranium may be 
divided into two sets, those connecting the atlas with the occipital bone, and 
those connecting the axis with the occipital bone. 

Ligaments connecting the Atlas with the Occipital Bone 

The articulation between the atlas and the occipital bone is a double 
condyloid Joint. Its ligaments are : 

Two Capsular. Posterior Occipito-atlantal, 

Anterior Occipito-atlantal. Two Lateral Occipito-atlantal. 

The Capsular Ligaments (capsul® articulares) surround the condyles 
of the occipital bone, and connect them with the articular processc-s of the 
atlas ; they are thin and loose, and are lined by synovial membrane. 

The Anterior Occipito-atlantal Ligament (membrana atlanlooccij)italis 
anterior) (tig. 427) is a broad membrane, composed of densely woven fibres, 
which passes beUveen the anterior margin of the foramen magnum above! 
and the upper border of tlie anterior arcdi of the atlas bclcnv. Laterally, 


Fig. 430.—Occipilo-axial and atlanto-axial ligaments. Posterior view, obtained 
by removing the arches of the vertebrm and the posterior part of (he skull. 



it is contiiiuoun with tlie capsular ligaments. In front, it is strengthened 
in the middle line by a strong, rounded cord, wliich is attached, above, to the 
basilar process (»f the occiput, and, below, to the tubercle on the anterior 
arch of the atlas. This ligament is in relation in front with the Recti antici 
minores, behind with the odontoid ligaments. 

The Posterior Occipito-atlantal Ligament (membrana atlantooccipitalis 
posterior) (fig. 428) is a broad but thin membrane oomiected, above, to the 
posterior ma,rgin of the foramen magnum ; below, to the upper border of the 
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posterior arch of the atlas. On either side tliis ligament is defective below, 
over the superior intervertebral notch, and forms with this notch the boundary 
of an opening for the passage of the vertebral artery and snboccipital nerve. 
The free border of the ligament, wliich arches over the artery and nerve, 
sometimes becomes ossified. The ligament is in relation, behind, with the 
Recti pofttici minores and Obliqui superiores; in front, with the dura mater 
of th(5 spinal canal, to -which it is intimately adherent. 

The T afpral i i Vaments are thickened portions of the capsular ligament, 
reinforccclTy Indies of h brous tissue, which are directed obliqueljr upwards 
and inwards, attached above to the jugular processes of the occipital bone, 
below, to the bases of the transverse processes of the atlas. 


iriG. 431.—Sagittal section through the occipital hone and first three 
cervical vertebrae. (Spalteholz.) 



Synovial Membranes.—Therf^ are two synovial membranes: one lining 
each of the capsular ligaments. The joints occasionally communicate with 
that between the posterior surface of the odontoid process and the transverse 
ligament. 

Movements.—The movements pennitted in this joint are (a) flexion and extension, 
which give rise to the ordinary forward and backward nodding of the head, and 
(6) slight lateral motion to one or other side. Flexion is produced mainly by 
the action of the Recti capitis antici major and minor; extension by the Recti 
capitis postici major and minor, the Superior oblique, the Complexus, Splenius, 
Sterno-mastoid, and upper fibres of the Trapezius. The Recti laterales are 
concerned in the laleral mwemenl, assisted by the Trapezius, Splenius, Complexus, 
and the Sterno-mastoid of the same side, all acting together. According to 
CrqveUhier, there is a slight movement of rotation in this joint. 
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Ligaments connecting the Axis with the Occipital Bone 
Occipito-axial. Three Odontoid. 

The Occipito-axial Ligament (raembranti tectopa) is situated Avithin 
the spinal cattaL’ It is a broad, strong band, whieh^ 'tjovers the odontoid 
process and its ligaments, and appears to bo a prolongation upwards of the 
posterior common ligament of the vertebral column. It is attached, below, to the 
posterior surface of the body of the axis, and, becoming expanded as it ascends, 
is inserted into the basilai* groove of the occipital bone, in front of the foramen 
magnum, where it blonds with the dura mater of the skull. It is in relation 
by its anterior surface w’ith tlie transverse ligament, by its posterior surface 
with t'artieulatk^^ter. 

__,yupiiLuid pr Ll^piC.nts (ligamentai alaria) (fig. 430) are strong, 

rounded fibrous corils, winch arise one on eitluw side of tlu' upp(w part of the 
odontoid process, and, passing obliquely upAvards and outAvards, are inserted 
into the rougli depressions on the inner sides of the condyles of the occipital 
bone. In tlie triangular interval between these ligaments is another fibrous 
cord, the ligamentum apicis dentil or middle, (xlontoid ligetmmt (fig. 431), wliich 
(ixtends from tbe apex of the odontoid process to the anterior margin of the 
foramen magnum, being intimately blended Avith the deejj portion of the anterior 
oceipito-atlantal ligament .and upper fasciculus of the transverse ligament A)f 
the atlas. It is regarded as a rudimentary intervertebral disc, and in it 
ti'aces of the notochord may persist. The odontoid ligame.nts serve to limit 
the A'xtent to Avhich rotation of the cranium may be carried ; hence they have 
received the name of check ligaments. 

In addition to these ligaments which connetit the atlas and axis to the 
skull, the ligamentum nuchas must be resgarded as one of the ligaments by 
which the vertebral column is connected Avilh the cranium. It has been 
de.scribed on page .‘ITO. 

Applied Anatom//. —'J’lie ligaiucntH Avliich unite the comijonent parts of tlie Vfrt»-i>i‘al 
l•olumn together are so strong, and (lie bones are, so interlocked by the ariaugeinent of 
their articulating jirocesscs, that dislocation is A’cry uncommon, and, indci-d. except 
in the U])pcr part of the nock, rarely occurs unless ac<*omi)anicd by fracture. Dislocation 
of the occiput from the atlas has been recorded only in one or tAvo cases ; Init dislocation 
ot the atlas from tlu‘ axis, A\'ith rupture of the transA'crse ligament, is much more '-(numon : 
it is the mode in AA’hich death is produced,in many ea.scs of execution by hanging. In the 
loAA'er part of the neck—that is, 1)c1oav the third cervical vcrtelirii-^^jdislocation unattcnflcd 
Ijy fracture occasionally takes place. 

IV. AUTKUJLATION OF THE MANDIHLE (AimCUlATIO MANiUBULAKlS; . 

This is a ginglymo-artlirodial joint; the parts entering into its form.ation 
on eitlier side are, above, the .anterior part of tlie glenoid cavity of the tctnporal 
bone and the eminentia articularis ; and, beloAv, the condyle of the mandible. 
The ligaments are the folloAving : * 

Capsular. Internal Lateral. 

Extern.al Lateral. Interarticular Fibro-cartilage. 

Stylo-mandibular. 

The Capsular Ligament (capsula articularis) forms a thin and loose, 
but distinct capsule, attached above to the circumference of the glenoid cavity 
and the articular surface immediately in front; beloAA', to the neck of tlie 
condyle of the mandible. It is thirmest on the inner side. 

The External Lateral Ligament (lig. temporomandibulare) (fig. 432) 
is an accessory band of the capsular ligament, and is not separable from it. 
It consists of two short, narrow fasciculi, one in front of the other, attached, 
above, to the outer surface of the zygoma and to the tubercle on its loAver 
border ; below, to the outer surface and posterior border of the neck of the 
mandible. It is broader above than below ; its fibres are parallel with one 
another, and directed obliquely downwawls and backwards. Externally, it 
is covered by the parotid gland” and by the integument. 

The Internal Lateral Ligament (lig. sphenomandibulare) (fig. 433) is 
a flat thin band which is attached above to the spinous process of the sphenoid 
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bone, and, becoming broader as it descends, is inserted into the lingula of tlie 
dental foramen. Its outer surface is in ivlation, above, with tlio External 
pterygoid; lower down, it is separated from the neck of the condyle by the 

Fig. 432.—^Temporo-mandibular articulation. External view. 



internal maxillary arUny ; still more inferiorly, the inferior dental \essels 
and nerve and a lobule of the parotid gland sei)arate it from tlus ramus of the 
mandible. The inntir surfai-e 

is in reliilion with the Internal 433...-Terripoi'o-inandibular articulation, 

pterygoid. Internal view. 

The Interarticular 
Fibro-cartilage (discus ar- 
lieularis) (fig. 434) is a thin 
plate of an oval form, placed 
horizontally between the eon- 
lyl(‘ of the mandible and the 
glenoid cavity. Its upper 
surfa(;e is concavo-convex 
from l)efore backwaids, and 
a little convex transversely, 
to aecommodatt! itself to the 
form of the glenoid cavity. 

Its under surface, which is 
in contact with the condyle, is 
concave. Its circumference 
is connected to the capsular 
ligament; and in front to the 
tendon of the External ptery¬ 
goid. It is thicker at its 
periphery, especially behind, 
than at its centre. The fibres 
of which it is composed have 
a. concentric arrangement, 
more apparent at the circum¬ 
ference than at the centre. Its surfaces are smooth. It divides the joint 
into two cavities, each of which is furnished witli a synovial membrane. 
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The Synovial Membranes, two in nuhiber, are placed one above, 
and the other below, the fibro-cartilage. I’ho upper one, the larger and 
looser of the two. is continued from the margin of the cartilage covering 
the glenoid cavity and eminentia articularis on to the upper surface of the 
fibro-cartilage. The lower one passes •from the under surface of the fibro- 
cartilage to the neck of the condyle, being prolonged a little farther 
downwards behind than in front. The interartioular cartilage is sometimes 
perforated in its centre, and the two synovial sacs then communicate with 
each other. 

The Stylo-mandibular Lig’ament (lig. stylomandibulare) (fig. 433) is a 
specialised band of the cervical fascia, which extends from near the apex of 
'the styloid process of the temporal bone to the angle and posterior border of 
the ramus of the mandible, between the Masseter and Internal pterygoid. 
This ligament separates the parotid from the submaxillary gland, and from 
its inner side some fibres of the Stylo-glossus take origin. Although usually 
classed among the ligaments of the jaw, it can only bo considered as accessory 
to the articulation. 

The nerves of this joint are derived from the auriculo-temporal and masse¬ 
teric branches of the inferior maxillary, the arteries from the temijoral branch 
of the external carotid. 

Movements. —The movements permitted in this articulation are very extensive. 
Thus, the mandible may be depresst'd or elevat«“d, or it may be carried forwards 
or backwards ; a slight amount of lateral movement is also permitted. It must 
be borne in mind that there are two distinct joints in this articulation —one botwecui 

the condyle and the interarticu- 
lar fibro-cartilage, and another 
between the fibro-cartilage aiul 
the glenoid fossa. When the 
mouth is but slightly opened, 
as during ordinary conversation, 
the movement is confined tn the 
lower of the two joints. On the 
other hand, when the mouth is 
oj)ened more widely, lioth joints 
arc concerned in the movement; 
in the lower joint, viz. that 
between the condyle and the 
fibro-cartilage, the movement is 
of a hiuge-lik(! character, the 
condyle moving round a trans¬ 
verse axis on the fibro-cartilage, 
while in the upper joint the movement is ol a gliding (;haractcr, the fibro-cartilage, 
together witli the condyle, gliding forwards on to tJie eminentia articularis, round 
an axis which passes tlirough the dental foramina. These, two movements take 
place simultaneously, the condyh; and fibro-cartilage move forwards on the 
eminence, and at the same time the condyle revolves on the fibro-cartilagc. In 
the opposite movement of shutting the mouth the reverses action takes place ; the 
fibro-cartilage glides back, carrying the condyle with it, and this at the same time 
revolves back to its former position. When the mandible is carried horizontiS^ 
forwards, as in protruding the low'er incisors in front of the upper, the raovemeM 
takes place principally in the upper compartment of the joint, the fibro-cartilage 
and the cojidyle gliding forwanis on the glenoid fo.ssa. The grinding or chewing 
movement is produced by one condyle, with its fibro-cartilage, gliding alternately 
forwards and backwards, while the other condyle moves simultaneously in the 
opposite direction; at the same time the condyle undergoes a vertical rotation 
on the fibro-cartilage. One condyle advances and rotates, the other condyle 
recedes and rotates, in alternate succession. 

The mandible is depressed by its own weight, assisted by the Platysma, the 
Digastric, the Mylo-hyoid, and the Genio-hyoid. It is elevated by the anterior 
part of the Temporal, Masseter, and Internal pterygoid. It is drawn forwards 
by the simultaneous action of the External and internal pterygoids, the superficial 
fibres of the Masseter and the anterior fibres of the Temporal; and it is drawn 
baekwards by the deep fibres of the MaSsetcr and the posterior fibres of the Temporal. 


Fm. 434.—Vertical section of teitijiGro- 
mandibular articulation. 
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The griadiiig movement is caused by the alternate action of the two Pterygoids 
of either side. 

Surfar-K Form. —The' teraporo-mandibular articulation is quite superficial, and is 
situated below the base of the zygoma, in front of tho tragus and external auditory 
meatus, and behind the posterior border of the upper part of the Mjisseter. Its 
position can be ascertained by feeling for tho condyle of the jaw, the movements of which 
can bo distinctly folt in opening and shutting tho mouth. When the mouth is oiwned 
wide, tho condyle advances out of the glenoid fossa on to the eminentia articiihiris, and 
a depression is felt in the situation of the joint. 

Apjdied Anatomij.—'Hie mandible is dislocated only in one direction—viz. forwards. 
The accident is caused by violence or muscular action. When tho mouth is oj)en, the 
condylo is situated on the emineutia articularis, and any sudden violence, or even a sudden 
muscular sj)asm, as during a <!onvulsive yawn, may displace tho condyle forwards into 
tlie zygomatic fossa. The displacement may bj unilateral or bilateral. Reduction is 
accomplished by depressing the jaw with tho thumbs placed on the last molar teeth, 
and at tho same timq elevating the chin. Tho downward pressure overcomes the 
spasm of tho Masseter,*Temporal and Internal pteiygoid, and elevation of tho chin 
throws tho condyle bacikwards ; the above-mentioned muscles then draw tho condyle 
back into its normal position. 

In close relation to tho condyle of the mt iidible aro th<! extormil auditory inoatus 
and tho tympanum ; any force, therefore, applied to the bone is liable to be attended with 
damage to these parts, or inflammation in the joint may extend to tho car; or on the 
other liiind intfammatinn of the middle car m.ay involves the articulation and cause its 
destruction, thus leading to ankylosis esf tiie jesint. The joint is also oeesasioiially tho 
scat of o.stoo-arthritis, leading to groat suffering during efforts of mastication. A 
iseciiliar affection soraotimes attaesks the neck .and condyle of the mandible, (sonsisting in 
liy|x*rtropby and (slongation of those parts and consequent protrusion of the chin to the 
opposite side. 

• V. ARTICULATIONS OF THE RIBS WITH THE VERTEBU.E (ARTICULATIONES 

COHTOVERTEBRALES) 

The articulation.s of tlie ribs with the vertebral column may be divided 
into two sets : 1. those whic’ii connect tlio licads of llie ribs with the bodies 


Fio. 435.—Costo-central and costo-transverse articulations. 
Anterior view. 



Lover tynovM eavlly 

of the vertebrae (coato-ceniral) ; 2, those w'hich connect the necks and tubercles 
01 the ribs with the transverse processes (costo-lrartsverse). 

. CO 
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1. COSTO-CENTRAL AimCUIiATIONS (ARTICULATIOKBS CAPITtrLORUM) 

(lig. 435) 

These constitute a series of gliding or artfirodial joints, and are formed by 
the articulation of the heads of tlie ribs with the facets on the contiguous 
margins of the bodies of the thoracic! vertebra: and M'ith the intervertebral 
discs lx!tween them ; in tlie ease of the first, tenth, eleventh, and twelftJi 
ribs the cavity is formed by a single vertebra. The ligaments of the joints 
arc : 

Capsular. Anterior (!osio-vertebral or Stellate. 

Interarticular. 

The Capsular Lig'ament (eapsula artieularis) surrounds and encloses the 
joint, being composed of short, strong fibres, which pass belneen fhe head 
of the rib and the eircuinferenee <?f fhe articular cavity foi’ined by the inter¬ 
vertebral disc and the adjacent vert<'brie. It is most distinct at the upper 
and lower parts of the articulation ; some of its upper fibres pass through 
the intervertebral foramen to the back of the intervertebral disc, while its 
posterior fibres ai’e continuous with the middle eosto-transversc ligament. 

The Anterior Costo-vertebral or Stellate Ligament (lig. eapituli 
costa; radmtum) is a. specialised j»art of the capsule, and connects tlu* anterior 
I)art of th(‘ head of each rib with tin* sides of the bodies of two vei“tel)ra*. 
and the inteTvcrfebral disc between tlietn. It cojisists of three flat bundles 
of ligamentous fibres, whicli arc attacls'd to tlie antiuior part of the head of 
the rib, just, beyond the articular surface. The superior bundle jiassos upw'ards 
to be connect'd with the body of the vertebra above ; tlie inferior one descends 
to the body of the vertebra below; and tlie middle one, the smallest 
and least distinct, passes horizontally inwards, to be attached to the intiw- 
vertebral disc. 'Pheligament is in relation, in front, with the thoracic ganglia 
of the symjiathetic, the jdeura, and. on the right side, with the vena, azygos 
major ; behind, with the interarticular ligament and synovial membranes. 

In tlie tirst costo-cimtral joint, wlawe the rib articulates with a single 
vertebra, tliis liganumt do<‘s not pr<‘sent a distinct division into three fasciculi : 
its fibres, liowi'ver, radiate, and are attaelied to tin* body of the last cervical 
vertebra, as well as to th<* body of the first thoracic. In the costo-ccntral articu¬ 
lations of the tentli. elc'venth, and twi'lfth ribs, ea»-h of whicli articulates 
w'itli a single vertebra, the division does not exist; but the fibres of the 
ligament in eiu*li ease radiate ami are eomiecled to the vertebra above, 
as well as to that with which the rib artieidalcs. 

The Interarticular Ligament (lig. <-apituli costa; intcrartimilare) is situated 
in the interior of tlie joint. It consists of a short band of fibres, flattened 
from above downwards, attaelied by one e.xlremitv lo the sharp crest which 
separates the two articular facets on the head of Ihe rib, and by fhe other 
to the intervertebral disc ; it divides tlie joint iiilo two cavities. In tlie 
first, tenth, elt'venth, and twelfth eosto-central joints, the interarticular 
ligament, does not exist; eomstapiently, then* is but one cavity. This ligament 
is tlic liomologue of tlie ligamvniwm cnujtujah ol some mammals, wJiieh unites 
the heads of ojiposite ribs across th<; back of the intervertebral disc. 

Synovial Membranes. —'Pherc are tw'o synovial membranes iu 
the articulations in which there is an intcrarl icuhir ligament, one ah 
one below this structuri*: only one in those joints where there is 
cavity. 

2. CoSTO-TH.4XSVliKSE AllTICrLATION.S (AuTirri.ATlONBS (lO.STOTKANSVERSAIUA?) 

(fig. 436) 

The articular jioitiou of the tubercle of the rib forms with the articular 
facet on the adjacent transverse process an arthrodial joint. 

In the eleventh and twelfth ribs this articulation is wanting. 

The ligaments connecting these parts are : 

Capsular. Middle Costo-transverse (Intei’osseous). 

Anterior Costo-transverse. l^osterior Costo-transverse. 

The Capsular Ligament (eapsula arlionlaris) is a thin, membranous 
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sac attached to the circumferences of the articular surfaces, and lined by a 
synovial membrane. 

The Anterior or Superior Costo-transverse Ligament (lig. costotrans- 
versarium antorius) consists of two sets of fibres : one (anterior) is attached 
below to the shai’p crest on the upper border of the nock of the rib, and passes 
obliquely upwards and outwards to the low'er border of the transverse process 
immediately above ; the other (posterior) is attached below to the neck of 
the rib, and passes upwards arid inw’ards to the base of the transverse process 
and outer border of the inferior articular process of the vertebra above. This 
ligament is in relation, in front, with the intercostal vessels and nerves ; behind, 
with the Longissimus tiorsi. Its internal border is thickened and free, and 
bounds an aperture which transmits llic posterior branches of the intercostal 
vessels and nerves. Its external border is continuous with a thin aponeurosis, 
which covc'rs the External intercostal niuseje. 

The first rib has no anterior costo-transverse ligament; a band of fibres 
(%. liimboc-ostede) in series with the ajitorior costo-transverse ligaments 


I’lcj. 436.—Costo-transvci’sc artt ulation. Scon h’om above. 



eonnects the neck of the twclftli rib to the base of the transverse process of 
the first lumbar vertebra. 

The Middle Costo-transverse or Interosseous Ligament (lig. colli 
tjostie) consists of short but strong fibres, which pass betw'cen the rough 
surface on the back oi the neck of the rib and the anterior surface of the 
adjacent transverse process. 

A rudimentary ligament may be })reBent in the case of the eleventh and 
twelfth ribs. 

The Posterior Costo-transverse Ligament (lig. costotransversarium 
posterius) is a short but thick and strong fasciculus, wdiich passes obliquely 
from the summit of the transverse process to the rough non-articular portion 
of the tubereJe of the rib. The ligaments attached to the upjjor ribs ascend 
from the transverse processes ; they are shorter and more oblique than those 
attached to the inferior ribs, wliich descend slightly. 

Movements. —The heads of the ribs are .so closely connected to tint bodies^ of 
the vertebra) by the stellate and iiiterarticular ligaments that only slight gliding 
movements of the articular surfaces on one another can take place. Similarly, 
the strong costo-transverse ligaments binding the necks and tuberosities of the 

c c 2 
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ribs to the transverse processes limit the movements of the costo-transverse 
joints to slight gliding, the nature of which is determined by the shape and direction 
of the articular surfaces (fig. 437). In the upper six ribs the articular surfaces on 
the tuberosities are oval in shape and convex from above downwards ; they fit into 
corresponding concavities on the anterior surfaces of the transverse processes, so 
that upward and downward movements of the tuberosity are associated with 
rotation of the rib neck on its long axis. In the seventh, eighth, ninth, and tenth 
ribs the articular surfaces on the tuberosities are flat, and are directed obliquely 
downwards, inwards, and backwards. The surfaces with wliich they articulate are 
placed on the ujyper margins of the transverse processes; when, therefore, the 
tuberosities are drawn up they arc at the same time carried backwards and inwards. 
The two joints, costo-central and costo-transverse, move simultaneously and in 
the same directions, the total effect being that the neck of the rib moves as if 

on a single joint, of which the costo-central 
Jf’iG, 437.—Se.(?tion of the coslo- and costo-transverse articulations form the 


transverse joints from the third 
lo the ninth inclusive. Contrast 
tlie concave facets on the upper 
with the flattened facets on the 
lower transverse processes. 



extremities. In the upper six ribs the neck of 
the rib moves but slightly upwards and down¬ 
wards ; its chief movement is one of rotation 
round its own long axis, rotation backwards 
being associated with depression, rotation for¬ 
wards with elevation. In the seventh, eighth, 
ninth, and tenth ribs the neck of the rib moves 
upwards, backwards, and inwards, or down¬ 
wards forwards and outwards; very slight 
rotation accompanies these movements. 

VI. AUTTCTTLATIONS of THK CAUTir,AfiKS OF 
Tll)<: RIBS WITH THE STERMFM (ARTICUI.A- 
TJONE.S STER.NOCOSTABES) (fijf. 4;)8). 

The articulations of the cartilages of lh(! 
tj’ue ribs with the sternum are arthrodial 
joints, with the exception of the first, in 
whi<!h the cartilage is almost always directly 
united with the sternum, and which must, 
therefore, be regarded as a synarthrodial 
arti<;ulation. The ligaments connecting them 
are; 

Gapsular. 

Anterior Chondi’o-sternal. 

Posterior (Tiondro-sternal. 

Interarticular Chondro-sternal. 

Anterior Oiondro-xiphoid. 

Posterior (fliondro-xiphoid. 

Th(^ Capsular Ligaments (capsuhe 
ai'ti(!ular(is) surround the joints formed 
b(!twe(;n the cartilages of the true ribs and 
the sternum. Tliey are very thin, intimately 
blended with th(! anterior and posterior 


ligaments, and stnuigthened at the upper and lower parts of the articulations 
by a few fibres, which pass from the cartilages to the side of the sternum. 

The Anterior Chondro-sternal Ligaments (ligg. sternocostalia radiata) 
are accessory parts of the capsular ligaments, and consist of broad and thin 
membranous b.ands that radiate from the front of the inner extremities of the 


cartilages of the true ribs to the anterior surfacis of the sternum. They are 
composed of fasciculi which pass in different directions. 'I’he sv/perior fasciculi 
ascend obliquely, the inferior pass obliquely downwards, and llie middle 
fasciculi horizontally. The superficial fibres are the longest; they inter¬ 
mingle with the fibres of the ligaments above and below them, with those 
of the opposite side, and with the tendinous fibres of origin of the Poctoralis 
major, forming a thick fibrous membrane (membrana stemi) which covers 
the front of the sternum. This is more distinct at the lower than at the 


upper part. 
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The Posterior Chondro-sternal Ligaments are also parts of the capsular 
ligaments, but are less thick and distinct than the anterior ; they arc composed 
of fibres which radiate from the posterior surfaces of the sternal ends of the 
cartilages of the true ribs to the posterior surface of the sternum, becoming 
blended with the periosteum. 

The Interarticular Chondro-sternal Ligaments (ligg. sternocostaJia 
interarticularia).—^These are found constantly only between the second costal 


Fig. 438. —Stemo-coBtal and interchondral articulations. Anterior view. 



cartilages and the sternum. The cartilage of the second rib is connected 
with the sternum by means of an interarticular ligament, attached by one 
extremity to the cartilage of the rib, and by the other to the fibro-cartilage 
which unites the first and second pieces of the sternum. This articulation 
is provided with two synovial membranes. Occasionally the cartilage of 
the third rib is connected with the sternum by means of an interarticular 
ligament which is attached by one extremity to the cartilage of the rib, and by 
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the other to the point of junction of the secoiid and third pieces of the sternum. 
Still more rarely similar ligaments are found in the other four joints of the 
series. In the lower two the ligament sometimes completely obliterates 
the cavity, so as to convert the articulation into an amphiarthrosis. 

The Anterior Chondro-xiphoid (lig. e(»stoxiphoideum anterius).—This 
is a band of fibres which connects the anterior surface of the seventh costal 
cartilage, and occasionally also that of the sixth, to the anterior surface of the 
ensifomi process. It varies in lengtli and breadth in different subjects. 

The Posterior Chondro-xiphoid (lig. costoxiphoidoura posterius) is a 
similar though less distinct band on the posterior surface. 

Synovial Membranes. —There is no synovial membrane between the 
first costal cartilage and the sternum, as this cartilage is directly continuous 
with the manubrium. There,are two synovial membranes in the articulation 
of the second costal cartilage witli the sternum. There is gencndly on<! synovial 
membrane in tiach of the joints between the third, fourth, fifth, sixth, and 
seventh costal cartilages and the sternum; but it is sometimes absent 
in the sixth and seventh ehondro-sternal joints. If an interarticular 
ligament exists in any of th('.se joints, there arc two synovial cavities. 
After middle life the articular sui'faees. lose their polish, beciome roughened, 
and the synovial membranes ajjpear (o be wanting. In old age, the articula¬ 
tions do not exist, the cartilages of most of the ribs becoming continuous 
with the sternum. 

Movements.—Slight gliding movements <sto permitted in the chondro-stcniid 
articulations. 

Aktioulations of the (Uktilages ok the Ribs with each other 
(AimOtTLATTONES iNTEliCJlOJMDT’.Al.ES) (fig. 43S) 

Tho contiguous borders of the sixth, sciventli, and eighth, and sometimes 
the ninth and tenth, costal cartilages ailioulate with each other by small, 
smooth, oblong-shaped facets. Each articulation is enclosed in a thin capsular 
ligament, lined b 5 ’ sifnovial membrane and stjxingtheiied externally and internally 
by ligamentous fibres {interohmidral ligaments) which pass from one gartilage 
to tJie other. Sometimes the fifth costal cartilage, more raiely that of the 
ninth, articulates by its lower border with the adjoining cartilage by a small 
oval facet; more frequently the connection is by a few ligamentous fibres. 
Occasionally, the articular surfaces above mentioned are wanting. 


AETICri.ATIONS OK THE lllBS WITH THEIR CARTILAGES (CoSTO-GHONDRAL) 

The outer extremity of each costal cartilage is received into a depression in 
tlio sternal end of the rib, and the two arc lield together by the periosteum. 

VII. AUTIGULATIONS OF TIIJ'! SI’F.HNUM 

The first piece of tlie sternum is united to the second eitlier by an amphi- 
arthrodial joint—a piece of fibro-cartUage connecting tlie segments -or by 
a tliartlirodial joint, in which each bone is clothed with a lamina of cartilage, 
adherent on one side, free on the otlier. In the latter case, the cartilage covering 
the gladiolus is continued without interruption on to the cartilages of the facets 
for the .second ribs, llivington found the diarthrodial form of joint in about 
oiio-third of tho specimens examined by him, Maisonneuve more frequently. 
It appeal’s to be rare in childhood, and is formed, in llivington’s opinion, from 
the anipbiartlii’odial form, by absorption. The diarthrodial joint seems to 
have no tendency to ossify at any age, while the amphiarthrodial is more 
liable to do so, and has been found ossified as early as thirty-four years of 
age. The two segments are further cormocted by anterior and iiosterior inter- 
stenial ligaments. 

The ^terior Intersternal Ligament consists of longitudinal fibres, which 
blend with those of tlie anterior ehondro-sternal ligaments and with the 
tendinous fibres of origin of the Pectoralia major. T'liis ligament is rough, 
irregular, and much thicker below than above. 

The Posterior Intersternal Ligament is disposed in a somewhat si m ilar 
manner on the posterior surface of the articulation. 
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Mechanism oe thbt Thorax 


Each rib possesses its own range and -variety of movements, but the movo- 
ments of all are combined in the resyiiratory excursions of the thorax. Each 
rib may be regarded as 

a lever th(i fulcrum of Fio. 439.—Lateral view of first and seventh libs in position, 
which is situated im- showing the movements of the sternum and rilis in, a, ordi- 
mcdiately outside the expiration ; b, quiet inspiration ; c, forced inspiration. 


costo-transverse articu¬ 
lation, so that when the 
shaft of the rib is ele¬ 
vated the neck is de¬ 
pressed and vice verm; 
from the disproportion 
in length of the arms of 
the lev<w a .slight move¬ 
ment at the vertebral 
end of the rib is greatly 
magnified at the an¬ 
terior (^xtremity. 

'I’Ik! Jinterior ends of 
the ribs lie on a lower 
plane than the pos¬ 
terior; when therefore 
the rib-shaft is elevated 
the anterior «-xtremily 
is thrust also forwards, 
.4gain. the middle of 
the shaft lies in a 



plane below that pass¬ 
ing through the two extremities, so that when the shaft is elevated relatively 
to its ends it is at the same time carried outwards from the median plane of the 

thorax. Further, each rib forms 
Fiif. 440.--niagram showing tile axes of move- the segment of a curve whicli is 

inent. (a b and c n) of a vertebro-stw-nal lib. greater than th.'it of the rib imme- 

Tlic inferrnptetl liiie.s indicate tlie position of diatelv above, and therefore the 

the rib in inspiration. elevation of a rib increases the 



ments at the vertebral extremities 


transverse diameter of the thorax 
in the })lanc to which it is raised. 
The modifications of the rib move¬ 
ments at their vertebral ends have 
already been described (page 387). 
Further modifications re.sult from 
the attachments of their anterior 
extremities, and it is convenient 
therefore to consider separately tlie 
movements of the ribs of the three 
groujis —vertebro-stcrnal, vertebro¬ 
chondral, and vertebral. 

Vertebrosternal ribs (figs. 439, 
440).—The first rib differs from the 
others of this group in that its 
attachment to the sternum is a rigid 
one; this is counterbalanced to 
some extent by the fact that its 
head possesses no interarticular 
ligament, and is therefore more 
movable. The first pair of ribs 
with the manubrium storui move as 
a single piece, the anterior portion 
being elevated by rotatory move- 
In normal quiet respiration the movement of 


uieiiDs at Dae verLeDrai extremiues. in normal quiec respiruwuii wiu 

this arc is practically nil ; when it does occur the anterior part is raised and carried 
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forwards, increasing the antero-poatcrior and transverse diameters of tliis re^on of 
the chest. The movement of the second rib is also slight in normal respiration, as 
its anterior cxtremit)" is fixed to the manubrium, and prevented therefore from 
moving upwards. The chondro-stcmal articulation, however, allows the middle of the 
shaft to be drawn up, and in this way the transverse thoracic diameter is increased. 
Elevation of the third, fourth, fifth and sixth ribs raises and thrusts forwards 
their anterior extremities, the greater part of the movement being effected by the 
rotation of the rib-neck backwards. The thrust of the anterior extremities carries 
forwards and upwards the gladiolus, which moves on the manubrio-gladiolar joint, 
and thus the antero-posterior thoracic diameter is increased. This movement is, 
however, soon arrestcid, and the elevating force is then expended in raising the 
middle part of the rib-sliaft and everting its lower border ; at the same time the 

costo-chondral angle is opened 

Fig. 441. —Diagram showing the axis of movement these liittei movements 

(a b) of a vertebro-chondral rib. The interrapled considerable increase in the 
lines indicate (he ])osi(ion of the rib in in- transverse diameter of the thorax 

spiration. is effected. 

Verlebro - chondral ribs (fig. 
411).—The seventh rib is in¬ 
cluded with this group, as it 
conforms more (dosely to their 
type. While tlio movt'ment.s of 
these ribs assist in enlarging the 
thorax for respiratory purposes 
they arc also concerned in in¬ 
creasing the upper abdominal 
space for viscera displaced by 
the 'action of the Diaphragm. 
The costal cartilages articulate 
with one another, so that each 
pushes up that above it, the final 
thrust being directed to pushing 
forw’ards and upwards the lower 
cud of the gladioln.s. The 
amount of elevation of the an¬ 
terior extremities is limited on 
account of th(i very slight rota¬ 
tion of the rib-neck. Elevation 
of the shaft is accompanied by 
an outwar<l and backward move¬ 
ment ; the outward movement 
everts the aiiteiior end of the rib and opens up the subcostal angle, w’hile the 
backward movement pulls buck the anterior extremity and counteracts the 
forward thrust due to its elevation; this latter is most noticeable in the lower 
ribs, whicli are the shortest. The total result is a cojisidcsrable increase in the 
transverse*, and a diminution in the median aritero-posterior diameters of the upper 
part of the abdomen ; at the same time, however, the lateral antero-posterior 
diameters of the abdomen are increasesd. 

Vertebral ribs .—These ribs, having only cnsto-central articulations with no 
interartieular ligaments and free anterior extremities, are capable of slight move¬ 
ments iji all directions. When th(! other ribs are elevated these are depressed 
and fixed to form points of action for the Diaphragm. 



Vlir. AKTICCLATION OF THE VERTEBRAL OOLUM.V WITH THE PELVIS 

The ligaments connecting the last lumbar vertebra w'ith the sacrum arc 
^ similar to those which join the movable segments of the vertebral column with 
each other—viz.; 1. The eontinuatiori downwards of the anterior and posterior 
common ligaments. 2. The intervertebral disc, connecting the body of the 
last lumbar to that of the first sacral and forming an amphiarthrodial joint. 
3. Ligamenta subflava, connecting the arch of the last lumbar vertebra with 
the posterior border of the sacral canal. 4. Capsular ligaments connecting 
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the articiJar processes and forming a double.arthrod{a. 5. Inter- and supra¬ 
spinous ligaments. 

Two additional ligaments connect the pelvis with the vertebral column; 
these are the lurabo-sacral and the ilio-lurabar. 

The Lumbo-sacral Ligament (fig. 442) is a short, thick, triangular 
fasciculus, which is connected above to the lower and front part of the trans¬ 
verse process of the last lumbar vertebra, passes obliquely outwards, and is 
attached below to the lateral surface of the base of the sacrum, becoming 
blended with the anterior sacro-iliac ligament. In front this ligament is in 
relation with the Psoas. 

The Ilio-lumbar Ligament (lig. iliolumbale) (fig. 442), the thickened 
lower edge of the anterior lamella of the lumbar fascia, passes horizontally 
outwards from the apex of the transvci'se process of the last lumbar vertebra 
to the crest of the ilium immediately in front of the sacro-iliac articulation. 


Fig. 442. —Articulations of pelvis and hip. Anterior view. 



It is of a triangular form, thick and narrow internally, broad and thin externally. 
In front it is in relation w'ith the Psoas ; behind, with the muscles occupying 
the vertebral groove ; above, with the Quadrat us lumborum. 

IX. ARTICULATIONS OF THR PETjVIS 

The ligaments connecting the bones of the pelvis with each other may be 
divided into four groups: 1. Those coimecting the sacnim and ilium. 

2. Those passing between the sacrum and ischium. 3. Those uniting the 
sacrum and coccyx. 4. Those between the two pubic bones. 

1. Articulation op the Sacrum and Ilium (Artioulatio Sacroiuaca) 

The sacro-iliac articulation is an amphiarthrodial joint, formed between 
the lateral surfaces of the sacrum and the ilium. The articular, ear-shaped 
surface of each bone is covered with a thin plate of cartilage, thicker on the 
sacrum than on the ilium. These cartilaginous plates are in close contact 
with each other, and to a certain extent are united together by irregular 



394 


SYNDESMOLOGY 


patches of softer fibro-cartQage, and at tlieir upper and posterior part by fine 
interosseous fibres. In a considerablo part of tlieir extent, especially in 
advanced life, they are not connected together, but are separated by a space 
—cmtaiukig a. s 3 '^novia-like fluid, and hence the joint presents the characters 
of a diarthrosis. 

The ligaments connecting these surfaces are the anterior and posterior 
sacro-iliac. 

The Anterior Sacro-iliac Ligament (lig. sacroiliac-um anterius) (fig. 442) 
consists of numerous Ihin bands, whicli connect tlic anierior surfaces of tlie 
sacrum and ilium. 

The Posterior Sacro-iliac Ligament (lig. saoroiliacum posterius) 
(fig. 44‘{) is a strong ligament, .situated in a doej) (]c[)i'ession between the 
sacrum and ilium behind, and fonning tlic chief bond of connection l)ctu'een 
those bones. It consists of numerous strong fasciculi, uliich pass between 
the bones in various directions. Tlic upper part of (lie ligament (lig. 
sacroiliacum ])o.stcrius bi'cvc) is nearly horizontal in direction, and passes 


Fio. 44:{.—Articulations of jiclvis and hip. PoHleiior view. 



fj'om the fii-st and .second transverse tubercles on the. posterior surface of 
the stumm to the rough, uneven siu-facc; at the 2 Josterior part of the inner 
surface of the iliunn 'Fhe lower part (lig. sacroiliacum posteiius loiigum), 
oblique in direction, is attached by one extremity to the third transverse 
tube.rcle on the jmsterior surface of the sacrum, and by the other to the 
posterior superior spine of the ilium ; the lower part is sometimes called the 
Miffiie sacro-iliac ligament. 

Surfare Fonn .—Tlic position of the sacro-iliac joint is indicated by the posterior superior 
spine of the ilium. This process is immcdiatidy behind the centre of the articulation. 

2. Ljuaments passing between the yACBVM ANu Ischium (fig. 444) 

The Great Sacro-sciatic. The ypiall Sacro-sciatic. 

The Great or Posterior Sacro-sciatic Ligament (lig. sacrotuberosum) is 
situated at the lower and back part of the pelvis. It is flat, and triangular in 
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form ; narrower in the middle tlian at the extremities ; attached by its broad 
base to the posterior inferior spine of the ilium, to the fourth and fifth trans¬ 
verse tubercles of the sacrum, and to the lower part of the lateral margin of 
that bone and the coccyx. Passing obliquely dowmwai’ds, outwards, and 
forwards, it becomes narrow and thick, but at its insertion into tJie inner 
margin of the tuberosity of the iscliium, it increases in breadth, and is pro¬ 
longed forwards along the inner margin of the ramus, forming u'hat is known 
as the I’alciform ligament, the free concave edge of which gives attaclimont 
to the obturator faseda. One of its surfaces is turned towards tlic p<‘riiia?um, 
the other towards the* Obturator internus. The lower border of the ligament 


Fig. 444. —Side view of pelvis, showing tho great ami lesser sacro-seiatic ligaments. 



(ircal surra- 
sriulir lij/ti 

III cut 


Siiinll sacra 
sriiilic lii/ii 
iiieiit 
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sriiitir lii/ii- 
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is directly continuous with tho k-iidon of origin of the long head of the Rieeps, 
and by manv is believed to bo the proximal end of tliis muscle, cut off by 
ihe |)rojection of the tuberosity of tho ischium. 

Jielulions. —The jKialrriar isurjare of this ligamcnl gives origin, hy its whoh; ext(*nt, to 
libres ol the Gluteus muximus. Its anteriar siirl'arc is united to llie lesser saero-seintie 
ligament. Its exiernal harder forms, abov*;, the poskrioi boundary of tbe gniat sa<TO- 
sciatic foramen, and, below, tin*, posterior boundary of the small sacro-sciatic foramen.- 
Its lower border forms part of the boundary of the pnrin;vum. It is yiiorced by the 
eoe<'ygeal branch of the sciatii; artery, and coceygeal nerve. 


Tho Small or Anterior Sacro-sciatic Ligament (lig. saorospinosum), 
much shorter and smaller than the preceding, is thin, triangular in form, 
attached by its aptix to the spine of the iscliium, and internally, by its broad 
base, to the lateral margin of the sacrum and ooocyx, in front of the attacdi- 
ment of the great sacro-sciatic ligament with which its fibres are intermingled. 

Jielalions .—It is in rolalion anteriorli/, with the tbccygcus to which it is closely 
connected ; 2}f>fteriorly, it is covered by the great saero-seiatic ligament, and crossed by 
tlie internal pudic vessels and nerve. ' Its mperior border forms the lower boundary of the 
gri'at saci-o-Bciatic foramen; its inferior border, part of tho margin of the small sacro- 
sciatic foramen. 

Tliese two ligaments convert the sacro-sciatic notches into foramina. Tho superior 
or great sacro-sciatic foramen (foramen ischiadicum majus) is bounded, in front and 
above, by the posterior border of the os innominatum; behind, by the great socro- 
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Bciatic ligament; and below, by the small saoro-sciatic ligament. It is partially Ailed 
np, in the recent state, by the Pyriformis which passes through it. Above this muscle, 
the gluteal vessels atid superior gluteal nerve emerge from the pelvis ; and below it, the 
Bciatic vessels and nerves, the internal pudic vessels and nerve, the inferior gluteal nerve, 
and the nerves to the Obturator intemus and Quadratus femoris make their exit from 
the pelvis. The inferinr or small sacro-sciatio foramen (foramen ischiadicum minus) is 
bounded, in front, by the tuber ischii; above, by the spine of the ischium and small 
sacro-sciatic ligament; behind, by the great sacro-seiati<' ligament. It transmits the 
tendon of the (Ibturator intornus, its nerve, and the internal pudic vessels and nerve. 


3. Articulation of the Sacrum and Coccyx 

This articulation is an amphiarthrodlal joint, formed between the oval 
surface at the apex of the sacrum, and the base of the coccyx. It is homologous 
with the joints between the bodies of the vertebrae, and is connected by similar 
ligaments. They arc: 

Anterior Sacro-coccygcal, Lateral Sacro-coccygeal. 

Posterior Sacro-coccygeal. Interposed Fibro-cartilage. 

Int<orarticular. 

The Anterior Sacro-coccygeal Ligament (lig. sac^rococcygeum anterius) 
consists of a few irregular fibres, which descend from the anterior suiiace of 
the sacrum to the front of the coccyx, becoming blended with the periosteum. 

The Posterior Sacro-coccygeal Ligament (lig. sacrococcygcum posterius) 
is a flat band, of a j)early tint, which arises from the margin of the lower orifice 
of the sacral canal, and descends to be inserted into the posterior surface of 
the coccyx. This ligament completes tlie lower and back part of the sacral 
canal and its suj)t»rfieial fibres are mucli longer than the more deeply seated. 
It is in relation, behind, with the Gluteus rnaxiraus. 

A Lateral Sacro-coccygeal Ligament (lig. sacrococcygcum laterale) 
exists on either side of the joint and connects the transverse process of the 
coccyx to tlie lower lateral angle of the sacrum. 

A disc of Fibro-cartilage is interposed between the eontiguous surfaces 
of the sacrum and coccyx; it differs from those between the bodies of the 
vertebrae in being thinner, and its central part firmer in texture. It is some¬ 
what thicker in front and beliind than at the sides. Occasionally the coccyx 
is freely movable, most notably during pregnancy ; in su(!h cases a synovial 
membrane is present. 

'Phe Interarticular Ligaments are thin bands of ligamentous tissue, which 
unite the cornua of the two bones. 

The different segments of the ciocej'x arc cionnected together by the exten¬ 
sion doAvnwards of the anterior and posterior sacro-coccygeal ligaments, thin 
annular discs of fibro-cartilage being interposed between tlie stigments. In 
the iidult male, all the j)ieccs become ossified together at a comj)aratively 
eai-ly period ; but in the female, this does not commonly occur until a later 
period of lifi^. At a more advanced age the joint between the sacrum and 
•coi!cyx is obliterated. 

Movements.—The movements which take place betw'een the sacrum and 
coccyx, and between the different pieces of the latter bone, are forwards and 
biiekwards; the)" are very limited. Their extent increases during pregnancy. 

4. Articulation of the Pubic Bones (Symphysis Pubis) 

The articulation between the jiubic bones is an amphiarthrodial joint, 
formed between the tw'o oval articular surfaces of the pubic bones. The 
ligaments of this articulation are ; 

Anterior Pubic. Superior Pubic. 

Posterior Pubic. Subpubic. 

Interpubic Disc. 

The Anterior Pubic Ligament (lig. pubioum anterius) (fig. 442) consists 
of several superimposed layers, which pass across the front of the articulation. 
The superficial fibres pass obliquely from one bone to the other, d ap us satin g 
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''’lo. 445.—Coroniil sc*tilion of the isym}»hyNi« 
pubis. Made near its posterior surface. 
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and forming an interlacement with the fibres of the aponeurosis of the 
External oblique and the inner tendons of origin of the Recti. The deep 
fibres pass transversely across the symphysis, and are blended with the 
fibro-cartilage. 

The Posterior Pubic Ligfament (lig. pubioum postcrius) consists of a few 
thin, scattered fibres, which unite the two pubic bones posteriorly. 

The Superior Pubic Ligament (lig. pubicum superius) is a band of fibres, 
which cormects together the tu'o pubic bones superiorly. 

TheSubpubic Ligament (lig. pubicum infe-rius) is a thick, triangular arcli 
of ligamentous fibres, conne<!ting together the two pubic bones below, and 
forming the u])pcr boundaiy <)f the pubic arch. Above, it is blended with the 
interarticular fibro-cartilage; laterally, it is attached to the descending rami 
of the pubic bones ; below, it is free, 
and is separated from the triangular 
ligament of the p'rinseum by an open¬ 
ing through which the deep dorsal 
vein of tlic penis passes into tlui 
pelvis. 

1’ho Interpubic Disc (lamina 
fibrocartilagiiH'a interpubica) connects 
the oppos(*d surfaces of the pubic 
bones. Each of the bony surfaces is 
covered by si thin layer of hyaline, 
cartilage firmly coiimicttHl (o the bone 
by a series of nipple-lik(*. processes 
whitih accurately fit Avithm c,orre- 
sponding depressions on the osseous 
surfaces. These opposed cartilaginous 
surfaces are connected together by an 
intermediate lamina of fibro-cartilage 
Avhich varies in thickness in dillerent 
subjects. It often contains a cavity in 
its interior, probably formed by the 
softening and absorption of the fibro-cartilage, since it rarely appears before 
the tenth year of life and is not lined by synovial membrane. This cavity 
is larger in the female than in the male, but it is very doubtful whether it 
enlarges, as was formerly supjmsed, during pregnancy. It is most frequently 
limikKl to the upper and back part of the joint; but it occasionally reaches to 
the front, and may exkmd the entire length of the cartilage. It may be easily 
demonstrated by making a (joronal section of the symphysis pubis near its 
posterior surface (fig. 44.5). 

The Obturator Membrane (membrana obtiiratoria) is more properly 
rc'farded -is analogous to the muscular fascia), with which it uill be described 
(page 575). 

Meoiiaxism of the Pelvis 



The pelvic girdle supports and protects the contained viscera and affords 
surfaces for the attachincuts of the tnmk and lower hinb muschis. Its most 
important mechanical function, however, is to transmit the weight of the trunk 
and upper limbs t(» the lower extremities. 

It may be divided into two arches by a vertical plane p.T8sing through the 
acetabular cavities ; the posterior of these arches is the one chiefly concerned in 
the function of transmitting tin* weight. Its essential parts arc the upper three 
sacral vertebrae and two strong pillars of bone running from the sacro-iliac articula¬ 
tions to the acetabular cavities. For the reception and diffusion of the weight 
the acetabular cavity is strengthened by two additional bars running towards the 
pubis and ischium. In order to lessen concus.sion in rapid changes of distribution 
of the weight, joints (sacro-iliac articulations) are interposed between the sacrum 
and the iliac bones; an accessory joint (symphysis pubis) cxi.sts in the nfiddlc of 
the anterior arch. The sacrum forms the summit of the postedor arch ; the 
weight transmitted falls on it at the lumbo-sacral articulation and, theoretically, 
has a component in each of two directions. One component of the force is- 
expended in driving the sacrum downwards and backwards between the iliac bones,. 
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whiJe the other thrusts the upper end of the sacrum* downwards and forwards 
tow'ards the pelvic cavity. 

The movements of the sacrum are regulated by its form. Viewed as a whole, 
it presents the shape of a wedge with its base upwards and forwards. The first 
component of the force is therefore acting against the resistance of the wedge, and 
its tendency to separate tlic iliac bones is resisted by the sacro-iliac and ilio-lumbar 
ligaments and by the ligaments of th() symphysis pubis. 

If a series of coronal sections of the sacro-iliac joints be made, it will be found 
possible to divide the articular portioii of the sacrum into three segments : anterior. 


Fui. 440.—Coronal section of anterior sacral segment. 



middle, and posterior Iji the nulrrior urtpiicnl (lig. 41();, which involv(!S tin* first 
sacral vertebra, the articular surface's show slight sinuosities and are almost parallel 
to one anotluu'; the (lista?ice bclwc('ii their dorsal margins is, however, slightly 
greater than that, hetweeii (heir \ eiitral margins. This segment theref(»re ])reseiits 
a slight wedge shape with tin* truncated apex dowmwards. The middle svrimeid 
(fig. 117) is a narrow band across tlic centres of the articulations. Its dorsal 
width is disliiietly greater than its ventral, so that the segment is more definitely 
wedgc-sha])ed. the truncated apex being again directed downwards. Each 


447.—Coronal section ol middle sacral segment. 



articular surface presents in the ecutro a marked concavity from above dowm- 
wards, and into this a corresponding convexity of the iliac, articular surface fits, 
forming an interlocking jnechaiiism. In the posterior segment (fig. 418) the ventral 
width is greater than the dorsal, so that the wedge form is the reverse of those 
of the other segments—i.e. the truncated apex is directed upwards. The articular 
surfaces are only slightly concave. ' 

Dislocation downwards and forwanls of the sacrum by the second component 
of the force applied to if is prevented therefore by the middle segment, which 
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Fio. 448.—Coronal section of posterior 
sacral segment. 


interposes the resistance of its wedge shap<* and that of the interlocking mechanism 
on its surfaces ; a rotatory movement, however, is produced by which the anterior 
segment is tilted downwards and the posterior upwards ; the axis of this rotation 
passes through the dorsal part of the middle segment. The moven\ent of the 
anterior segment is slightly limited by its wedge form, but chiefly by the posterior 
sacro-iliac ligaments; that of the posterior segment is checked to a slight extent 
by its wedge form, but the chief limiting factors are the great and small sacro- 
sciatic ligaments. In all these 
movements the eflect of the sacro¬ 
iliac. and ilio-lumbar ligaments 
and the ligaments of the .sym- 
I)hvsis pubis in resisting the 
separation of the iliac boiuis must 
be recognised. 

liming pregnancy the pelvic, 
joints and liganitmts are nslaxed, 
and caj>able. therefore of more 
extensive movements. When the 
foetus is being e.xpelled the force 
is applied to (In* front of tin* 
sacrum. Upward dislocation is 
again jirevented l»y the inter¬ 
locking mechanism of the middle segment. A.s the fadal head ])asses the 
anterior segment the hitl<*r is carried upwards, enlarging the antero-posterior 
diameter of the pelvic inlet; when tin* head reaches the posterior segment this 
also is pressed upwards against the lesistance ol its wedgi*, the riiovenient only 
being jjossible by the. laxity of the joints and the stretching of the saero sciatic 
ligaments. 

AKTK'ULATIONS OF THE UPi’Eli EXTREMITY 

The arlicuilations of the. Upper Extremity may be arranged as follows : 

I. iSt('rno-clavi(nilar. A'l. Wrist. 

11. A(!romio-elavicular. \TI. t’arpal. 

III. Shoulder. ^TT1. C'arpo-meta< arpal. 

JV. Elbow. TX. liitcrnndacarpal. 

y. Radio-ulnar. X. Metacarpo-j)liahmgeal. 

XI. Tnterj)lialaiigeal. 



1 STKIiNO-Cl.AVlCUJ.AK AUTICULATIOX (AllTlCUl.ATIO STRRNOOL.AVlCUli.MiJS) 

'I’lic sterjio-clavieular arlieulation (fig. 449) is r<‘garded by most anatomists 
ns an arthrodial joint ; but (Vuveilhicfr considers it to be an articulation by 
leciprociil reception. I’robably the former opinion is correct, the v^ariety of 
movements which the joint enjoys being due to the interi>o.sition of aji inter- 
articular fibi'o-cartilago between the joint surfaces. The parts entering into 
its formation are the sternal end of the clavicle, the ujjper and lateral ])art of 
the jnaniibriutn stenii, and the cartilage of the first rib. 'J’he art ieiilar surface 
of the clavicle is much largcsr than that of the sternum, and is invested with 
a layer of (!artilag(*,* which Is conside.j'.ably tliieker than that on the latter 
bone. The ligaments of this joint ani: 

Capsular. Intercla v icul ai-. 

Anterior Sterno-elavicular. (.losto-clavieular (rhomboid). 

Posterior Sterno-cdavieular. Tnterarticular libro-earlilagc. 

T'he Capsular Ligament (cajjsula artieularis) completely surrounds thtf 
articulation and consists of fibres ol varying degrees of thickness and strength. 
Those in front and behind are of considerable tliiekness, and form the anterior 
and posterior sterno-elavicular ligaments ; but those above, and especially 
those below, are thin and scanty, and partake more of the character »)f 
areolar than of true fibrous tissue. 

• According to Bruch, the sternal end of the clavicle is covered by a (i.s.sup wliich is fi(irons 
rather than cartilaginous in structure. 
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The Anteriot Sterno-clavicular Ligament (lig. sternoclaviculare ant.) 
is a broad band of fibres, which covers the anterior surface of the articula¬ 
tion ; it is attached above to the upper and front part of the inner extremity 
of the clayiclo, and, passing obliquely downwards and inwards, is attached 
below to the front of the upi)er part of the manubrium sterni. This ligament 
is covered by the sternal portion of the Sterno-cleido-mastoid and the integu¬ 
ment ; behind, it is in relation with the capsule, the ihterarticular fibro- 
cartilage and the two synovial membranes. 

The Posterior Stemo-clavicular Ligament (lig. sternoclaviculare post.) 
is a similar band of fibres, which covers the posterior surface of tho articula¬ 
tion ; it is attached above to the ujjper and back part of the inner extremity 
of the clavicle, and, passing obliquely downwards and inwards, is attached 
Ixdow to the back of the upper part of tlie manuhrium sterni. It is in relation, 
in front, with the intcrarticiilar fibro-cartilag(» and synovial membranes ; 
behind, with the Sterno-hyoid and Sterno-thyroid. 

The Interclavicular Ligament (lig. interclaviculare) is a flattened band, 
wliich varie.s considerably in form and size in different individuals ; it passes 
in a curved direct ion from the upper part of the inner extremity of one clavicle 
to that of tho other, and is also attached to the upper margin of the sternum. 
It is in relation, in front, with the integument; behind, vitli tho Sterno¬ 
thyroid mu.scles. 


JFra. 440.—Sterno-claviculai’ articulation. Anterior view. 



The Costo-clavicular or Rhomboid Ligament (lig. costoclavieulai<*) 
is short, flat, strong, and rhomboid in lorin. Attached below to the upper 
and inner j)art of the cartilage of the first rib, it ascends obliquely baekwards 
and outwards, and is attached above to the rhomboid depression on the 
under surface of tho clavicle. It is in relation, in front, M'ith the tendon of 
origin of tho Suhclavius ; behind, witli tho subchivian vein. 

The Interarticular Fibro-cartilage (discus articmlaris) is a flat and 
neju'ly cii'cular disc, interposed between tlie articulating surfaces of the sternum 
and clavicle. It is attached, above, lo th(i upper and posterior border of the 
artitiular surface of the elavictle ; below, to the cartilage of the first rib, 
near its juiiclion with the sternum ; and by its circumference to the inter¬ 
clavicular and anterior and posterior stcrno-clavicular ligaments. It is thicker 
at the circumh‘renc(% especially its upper and back x^art, than at its centre. 
It (iivide.s the joint into two cavities, each of which is furnished with a synovial 
membrane. 

Of the two Synovial Membranes found in this articulation, the outer 
is reflected from the sternal end of the clavicle, over the adjacent surface of 
the fibro-cartilage, and over the cartilage of tho first rib ; the inner is attached 
to the margin of the articular surface of the sternum and clothes the adjacent 
suiiace of the fibro-cartilage ; tho latter is the larger of the two. 
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Movements.—TMa articulation is the centre of the movements of the shoulder, 
and admits of a limited amount of motion in nearly every direction—upwards, 
downwards, backwards, forwards, as well as circumduction. When these move¬ 
ments take place in the joint, the clavicle in its motion carries the seapula with 
it, this bone gliding on the outer surface of the chest. This joint therefore forms 
the centre from which all movements of the supporting arch of the shouldei- 
originate, and is the only point of articulation of this part of the skeleton with 
the trank. ' The movements attendant on elevation and depression of the shoulder 
take place between the clavicle and the interarticular fibro-cartilage, the bone 
rotating upon the ligament on an axis drawn from before backwards through its 
own articular facet. When the shoulder is moved forwards and backwards, the 
clavicle, with the interarticular libro-cartilagc, rolls to and fro on the articular 
surface of the sternum, revolving, with a sliding movement, round an axis drawn 
nearly vertically through the sternum. In the circumduction of the shoulder, 
which is compounded of these two movements, the clavicle revolves upon the 
interarticular fibro-cartilage, and the latter, with the clavicle, rolls upon the 
sternum.’ * Elevation of the shoulder is limited principally by the costo-olavicular 
ligament; depression, by the intcrclavitiiliir ligament and interarticular fibro- 
cartilage. The muscles which raific the chwicle. as in shrugging the shoulders, 
are the upper fibres of the Trapezius, the Ijevator anguli scapula;, and the clavicular 
head of the Steruo-mastoid, assisted to a ccHain extent by the two Rhomboids, 
which pull the vertebral border of the seapula backwards and upwards and so 
raise! the clavicle. The depression of the clavicle is principally effected by gravity 
assisted by the SubelaVius, reetoralis minor, and lower fibres of the Trapezius. 
It is drawn backwards by tlu; Rhomboids and the middle and lower fibres of the 
Trapezius, and/orwJrtrf/s l)y tlu; !i>erratus magnus and I’ectoralis minor. 

Surface Fwm. —The stei'iio-eJaviouliu' joint is subciiteincous and its position may be 
easily ascertained by fee.ling the enlarged sternal end of the clavicle just external to the 
long, eord-liUe, sternal origin of the S(<Tiio-maHtoid. Tf this musclo bo relaxed by 
l)ending the hc.ad forwards, a depression just internal to the end of the elaviclo, and 
l)etwoon it and the sternnni, cati bo felt, indicating the exact position of the joint. 

Ajyplied AtMtimi/. —The strength of this joint niainly depends upon its ligaments, and 
it is owing to this, and to t.he fact that the forci' of the blow is usually transmitted along 
the long axis of the clavicle, that dislocation rarely occurs, and that the bone is broken 
' rather than displaced. Wlien dislocation does occur, tins course which the displaced bone 
takes depends more upon the direction in which t.he violence is applied than upon the 
miatomical construction of the joint; it inaj' bo either forwards, backwards, or upwards. 
Should it be displacsed backwards it may cause pressure on the trachea. The chief point 
worthy of note, as regards the construction of the joint, in connection with dislocation, 
i.s (he fact that, owing to the shape of tlic articular surfaces, and the strength of (ho joint 
mainly deptording upon the ligamcuits, tlio displaooinont when reduced is very liable to 
recur, and hence it is extremely dillicult to keep the end of the bone in its proper place. 


a. ACllOMlO-CbAVJCULAJt .MITICL!bA'ITON (AimCUbATTO ACROMlO- 

CliAVICUIiAlltS) 


The acremio-cltivicular articulat.iori (fig. 4.'>0) is an arthrodial joint between 
the outer extremity of the clavicle and the inner margin of the acromion 
process of the scapula. Its ligaments arc : 


(Japsular. 

Su|)erior Aeroiiiio-ciavicular. 
Inferior Acromio-clavicular. 


Inlerarticular Eibro-cartilage. 

I'J’rapczoid and 
Conoid. 


('oraco-elavicular 


The Capsular Ligament (capsula articularis) completely smxounds the 
articular margins, and is specially strong above and below, where it forms 
the superior and inferior acromio-clavicular ligaments. It consists of fibres 
arranged parallel to each other and passing between the adjacent borders of 
the two bones. 

The Superior Acromio-clavicular Ligament (lig. acromioclaviculare sup.) 
IS a quadrilateral band, which covers the superior part of the articulation, 
extending between the upper part of the outer end of the clavicle and the adjoin¬ 
ing part of the upper surface of the acromion. It is composed of parallel fibres. 


• Humpliry, Oh the llmian Skeleton, page 402. 
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which interlace witli the aponeuroses ot the Trapezius and Deltoid; below, 
it is in contact with the interarticular fibro-cartilage when tliis is present. 

The Inferior Acromio-clavicular Ligament (lig. acromioclavi(!ulare inf.) 
is somewhat thinmw tlian the preceding : it covers the under part of the articu¬ 
lation, and is attached to the adjoining surfaces of the two bones. It is in 
relation, above, in rare cases with the interarticular fibro-cartilagc ; below, 
with the tendon of the Supraspinatiis. 

The Interarticular Fibro-cartilage (discus artieularis) is frequently 
ab.sent in tliis articulation. When it exists, it generally only partially separates 
the articular surfaces, and oc<aipies the uppiT part of the articulation. More 
rarely, it completely separaUis tlie joint into two cavities. 

The Synovial Membrane. —There is usually only one synovial membrane 
in this articulation, but when a complete interarticular fibco-cartilago exists, 
there ai’e two. 


Fin. 450.—The left slioulder-joinl, aoroinio-clavicular articulation, 
and i>ioj)er ligainent.s of sc!a|)iila. 



'riie eoracoclavumlare) (fig. 450) serves 

lo connect the clavicle with tlie coracoid pro<!ess of the scapula. It does not 
])n)perly belong to this articulation, but as it forms a most efficient nu»ins of 
retaining the clavicle in contact with the acromial process, it is usually 
described with it. It consists of two fasciculi, called tin* Irnpezvid and conoid 
l igame nts. . ■“ . r.;■ 

pi zoid TAgamcni (lig. traj)i>zoid(‘um), the anterior and (ixternal fasci 
cuius, is broad, thin, and quadj'ilatcral : it is placed obliquely betwe<m the 
coracoifl proci'ss and the clavicle. It is attached, bclow^, to the up|K;r surface 
of the coracoid prcajcss ; ahovi;, to the oblique lino on the under surface ot 
the clavicle. Its anterior border is fr«ic; its posterior border is joined with 
the cx)noid ligament, the two forming, by their junction, an angle projecting 
backwards. 

The Goifpid Ldganmd {\ig. conoidcum), the posterior and internal fasciculus, 
is a dense bhad of fibres, conical in f(.>rm, with its base directed upwards. It is 
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attached by its apex to a rough impression at tlic base of the coracoid process, 
internal to the preceding ; above, by its expanded base, to the conoid tubercle 
on the under surface of the clavicle, and to a line proceeding inttirnally 
from it for half an inch. These ligaments are in relation, in front, with the 
Subclavius and Deltoid ; behind, with the Trapezius. 

Movements. —The movements of this articulation are of two kinds: 1. A gliding 
motion of the articular end of the clavicle on the acromion. 2. Rotation of the 
scapula forwards and backwards upon the clavicle; the extent of this rotation 
is limited by the two portions of the coraco-clavicular ligament, the trapezoid 
limiting rotation forwards and the conoid backwards. 

The acromio-clavicular joint has important functions in the movements of 
the upper extremity. It has been well pointed out by Humphry, that if there 
had been no joint between the clavicle and scapula, the circular movement of 
the scapula on the ribs (as in throwing the shouhhfrs backwards or forwards) would 
have been attended with a greater altcsration in the direction of the shoulder than 
is consistent with the free use of the arm in such positions, and it would have 
been impossible to give a blow straight forwards with the full force of the arm ; 
that is to say, with the combined force of the scapula, arm, and forearm. “ This 
joint,’ as he happily says, ‘ is so adjirstod as to enable either bone to turn in a 
liinge-like manner upon a vertical axis drawn through the othc'r, and it permits 
the s»irlac('S of the scapula, like the- basketi in a roundabout swing, to look the 
same way in every position, or nearly so.’ Again, when the whole arch formed 
by the clavicle and scapula riscis ajul falls (in elevation or depression of the 
shoulders), the joint between these, two bones enables the scapula still to maintain 
its lower part in contact with the ril>s. 

Surface Form. —'I'lie iwsition of the aeroinio-elavieular joint can generally be asecr- 
tained by defining the slightly enlarged extremity of the outer end of the clavicle, which 
projects abovt) the level of the acromion process of the scapula. Sometimes tins 
enlargement is so considerable as to form a rounded eminence, which is easily felt. The 
joint lies in the ])lano of a vortical line ])as8ing iij) the middle of the front of the arm. 

A ppHi'd Anatom//. — The acromio-clavicular joint owes its security mainly to the 
coraco-clavicular ligament, which limits tliti amount of movement t)f the outer end of the 
clavicle cither upwards, b.ackwards, or forwards. Owing <o the slanting shape of the 
articular surfaces of this joint, dishuiation generally ocsuirs upwards: that is to say, 
the outer end of tlu>, c.lavicle is disj)liw.ed above the aci'omion process of the scapula. 
The displa<!em<mt is often incomplete, on aceount of the strong coraco-clavicular 
ligameuls, which remain untom. I'ho same difficulty exists, as in the stcrao-clavicular 
dislooatiim, in maintaining the ends of the bone in position after reduction. 

7-T(f.\J\n'',NT.S OF THK .SCAl’UTiA 

TIh! ligainorits of the aeapiila (fig. 450) are : 

Coraeo-a(u-omial, ’J’l-ausverse, and Spino-gleiioid. 

The Coraco-acromial Ligament (lig. coraooacroniiale) i,s a strong triangular 
band, extending between the coracoid and acromion proce8S<>s. It is attached, by 
its apt'x, to the summit of the acromion just in front of the articular surfacio 
fo!’ the clavicle ; and by its broad base to the whole length of the outer border 
of the coracoid process. Its posterior fibres are directed inwards, its anterior 
fibres forwards and inwards. This ligament, togetlmr with the coracoid and 
aci’ornion jfroccsscs, forms a vault foi’ tho protection of the head of the 
humerus. It isjn relation, abov(<, with the clavicle and under surface of the 
Deltoid; below, with the tejuloji of tlie Sui)raspina.tu.s muscle, a bursa being 
interposed. Its outer border is continuous with a dense lamina that passes 
• beneath the Deltoid upon tlie tendons of the Supra- and Infra-spinatus 
muscles. Tho ligament is sometimes described as consisting of two marginal 
bands and a thinner intervening portion, the two bands being attached respec¬ 
tively to the apex and base of the coracoid process, and joining together at 
tfieir attachment into the acromion process. When the Pectoralis minor is 
inserted, as occasionally is the case, into the capsule of the shoulder-joint 
instead of into the coracoid process, it passes between these two bands, and 
the intervening portion is then deficient. 

Tho i pr a ^ (lig. transversum scapul® 

superius) conver^luie suprascapular nofcnmfS" a foramen. It is a thin and 
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flat fasciculus, naiTower at the middle than at the extremities, attached by one 
end to the base of the corcacoid process, and by the other to the inner extremity 
of the scapular notch. The suprascapular nerve passes through tlie foramen ; 
the sup rascapular vessels pass oyer the ligament, rixe ligament is sometimes 
oSsifiM.^” ‘ ’ ' ■ -' 

The ^ino-glenoid Lieament (lig. traiisversnni seapulie inferms) consists 
of a ban^ofTIBres,' sitiiated on the posterior surface‘of tne neclt oi the scapula 
and stretching from the outer border of tlie spine to the margin of the glenoid 
cavity. It forms an arch under which the suprascapular vessels and nerve 
pass as they enter the infraspinous fossa. 

HI. KUOUTiPKR-.)OINT (AUTICtJTj.Vno HUMEKI) 

I’lic shoulder-joint (fig. 450) is an cnarthrodial or ball-and-socket joint. 
The bones entering into its formation are tlu* large hemispherical head of the 
humerus and the shallow glenoid cavity of the scapula, an arrangement which 
permits of very considerable movement, u'hilc the joint itself is protected 
against displacement by the tendons which surround it. The ligaments do 
not maintain tlic. joint surfaces in apposition, because when tliey alone remain 
th(i humerus can be separated to a considerable extent from the glenoid cavity ; 
their use, therefore, is to limit the amount of movement. The joint is pro¬ 
tected above by an arch, fornu^d by tiie coracoid and acromion processes, and 
the coi'aco-acromial ligament. The articmlar surface,s arc coveied by cartilage : 
that on the head of tlie humerus is thicker at the centre than at the circum¬ 
ference, (be nwerse being the case in the glenoid cavity. The ligaments of 
the shoulder arc : 

t!apsular. Gleno-hurneral. 

(Joraco-humeral. 'rransverse Humeral. 

Glenoiil.* 

The Capsular Ligament (cajisnla articularis) completely encircles the 
articulation, being attached, abov^e, to the circumference of the glenoid cavity 
beyond the glenoid ligament; below, to the anatomical neck of thi^ humerus, 
approaching nearer to the articular cartilage above than in the rest of its 
e.\tent. It is thicUer above and below than el.s<“where, and is remarkably 
loose and lax. and much largisr and longer than is nec(;ssary to keep the bones 
in contact, allowing them to be separated from cfich other moie than an inch, 
an evident ])i‘ovision for that extremt' freedom of movement which is peculiar 
to this articulation. It is strengthened, above, by the Supraspinatus ; below, 
by the long head of the 'I’rieeps ; behind, by the tendons of the Infraspimatus 
and Ter('s minor; and in front, by the tendon of the Subscajiularis. 'I’lie 
capsular ligament usually presents three openings. One anteriorly, below 
(he coracoid jiroeess, establishes a communication between the joint and a 
bursa beneal-h the tendon of the Subseapularis muscle. Tim second, which 
is not constant, is at the posterior part, wluwe a communieation sometimes 
exists betucen the joint and a bursal sac under the tendon of the Infraspinat us 
muscle. The third is seen between the tulnwosities of the humerus, for tlu*, 
passage of the long tendon of the Biceps. 

'J’he Coraco-hiiraeral Ligament (lig. coracolmmerale) is a broad band 
uhich stii'iigthens the upjier jiart of the capsular ligament. It arises from 
the outer border of th(^ coracoid process, and passes obliquely downwards 
and outwaids to the front of the great tuberosity of the humerus, being blended 
with the teiulon of the Supraspinatus. This ligament is intimately united 
to the capsular ligament, by its hinder and lower border ; but its superior and 
anterior border prc'sents a free edge, whu'h overlaps the capsular ligament, 

GlenO'humeral Ligaments. —In addition to the eoraco-humeral ligament, 
three suppleiiKuital bands, which arc named the gleno-humeral ligamcntfi, 
strengthen the capsular ligament. These may be best seen by opening the 
<;apsule at the back of the joint and removing the head of the humerus. One 

* 'J’lie long tendon of ori^iu tif the Bicep.s also acts a.s one of the liganiente of this joint. 
See the observations on jiage ;>72, on (he fun<-tion of the muscles passing over more than 
one Joint. 
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of them is situated on the inner side of the joint, and passes from the inner 
edge of the glenoid cavity to the lower part of the lesser tuberosity of the 
humerus. A second is situated at the lower part of the joint, and passes from 
the under edge of the glenoid cavity to the under part of the anatomical neck 
of the humerus. A third is situated at the u})j)er part of the joint, and is 
fixed above to the apex of the glenoid cavity close to the root of the coracoid 
process, and passing downwards along the inner edge of the tendon of tlie 
Biceps, is attached below to a small depression above the lesser tuberosity 
of the humerus. In addition to these, tlu? capsule is strengthened externally 
on its anterior aspect by two bands derived from tJie tendons of the Peetoralis 
major and Teres major respectively. 

The Transverse Humeral Ligament is a broad band of fibrous 
tissue pa.ssing from the lesser to the greater tuberosity of the humerus, and 
always limited to that j)ortion of the bone which lies above the epiphysial 
lin«i. It converts the bicipital groo\'(^ into an osseo-aponeurotic canal, and 
is the hotuologue of the strong jnocess of fame whi<*h connects the summits 
of the two tuberosities in the musk ox. 

The Glenoid Ligament (labrum glenoidale) is a fibro-cartilagiuous rim 
attached round the margin of the glenoid cavity. It is triangular on .section, 

4.'il.—Coronal sections through tJie sho'ilder-joint (a) with tlie arm hanging 
hy (he side; (b) with the arm abducted at right angles. (After Ifenle.) 

A B 
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the thickest portion being fixed to tlie circumference of the cavity, tlie free 
edge being thin and sharp. It is continuous above with llie long tendon 
of the Biceps, which gives off two fa.seiculi, to blend with the fibrous tissue 
of the ligament. This ligament deepens the cavity lor articulation, ami 
protects the edges of the bone. 

The Synovial Membrane is reflected fi-om the margin of t,he glenoid 
cavity over the glenoid ligament; it is then ndlccted over the internal surface 
of the capsular ligament, and covers the low er part and sides of tJio anatomical 
neck of the humerus as far as the cartilage covering the head of the hone. The 
long tendon of the Biceps which passes through the capsular ligament is 
enclosed in a tubular slu^ath of synovial membram-, wdtieh is reflected upon 
it at the point w'here it perforates tJio capsule, and is continued around it 
as far as tlie summit of the glenoid cavity. The tendon of the Biceps thus 
Iravcnses the articulation, but it is not contained in the interior of the synovial 
cavity. 

Bursee.—The burs® in the neighbourhood of the shoulder-joint are the fol¬ 
lowing : (1) A constant bursa is situated between the tendon of the Subscapularis 
muscle and the capsule of the joint; it communicates with the synovial cavity 
through an opening in the front of the capsular ligament: (2) a bursa which 
occasionally communicates with the joint is sometimes found between the tendon 
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of tlie lufraspiuatus and the capsule : (3) a large bursa exists between the under 
surface of the Deltoid and the capsule, but does not communicate with the joint; 
this bursa is prolonged under the acromion process and coraoo-acromial ligament, 
and intervenes between these structures and the capsule of the joint: (4) a large 
bursa mucosa is situated on the summit of the acromion: (5) a bursa is 
■' jrequently found between the coracoid process and the capsule of the joint: 
(6)'th6I£ is SI bursa beneath the Coraco-brachialis : (7) one lies between the Teres 
major ana't^clong head of the Triceps : (8) one is placed in front of, and another 
behind, the ten(iS4.of the Latissinius dorsi. 

The Muscles in roTaliOft-witli^the joint are. above, the Supraspinatus ;*■ below. 
the long head of the Tricejt>s; in front, the Subscapulaiis; behind, the Infra¬ 
spinatus and Teres minor; within, the long tendon of the Biceps. The Deltoid 
is placed most externally, and covers the articulaiion on its outer side, as well 
as in front and behind. 

The Arteries sup])hdng the joint are articular branches of the anterior and 
posterior circumflex, and suprascai)ular. 

The Nerves are derived from the circumflex and suprascapular. 

Movements.—The shoulder-joint is capable of cveiy variety of movement, 
flexion, extension, abduction, adduction, circumduction, and rotation. The 
humerus is fksed (drawn forwards) by the Peel oralis major, anterior fibres of 
the Deltoid, Coraco-brachialis, and when the forearm is flexed, by the Biceps ; 
ext,ended (drawn backwards) by the Latissiiims dorsi. Teres major, i»osterior fibres 
of the Deltoid, and, when the forearm is extended, by the Triceps; it is abducted 
by the Deltoid and Supraspinatus ; it is adducted by thci Subscapulaiis. Pcctoralis 
major, Latissimus dorsi, and Teres major, and by the weight of the limb ; it is 
rotated outwards by the Infrasinuatns and Teres minor; and it is rotated inwards 
by the Subscapularis, Lati.ssmms dorsi, Teres major, Pcctoralis major, and the 
anterior fibres of the Deltoid. 

The most striking peculiarities in this joint aT(^: 1. The large size of the, head 
of the humerus in coin|)arisun with the depth of the glenoid cavity, even when 
this latter is supplemented by the glenoid ligament. 2. The looseness of the 
capsule of the joint. 3. The intimate eonneetion of the capsule with the muscles 
attach<*d to the head o1 tin; Juinierus. 4. Tlie peculiar relation of the Biceps 
teiulon to the joint. 

Tt is in consequence of the r<*lative .sizes of th(; two articular surfaces, and the 
looseness of the capsular ligament, that the joint enjoys such free movement 
in every possible direction. When these movements of the arm are arrested in 
the shoulder-joint by the conlaet of tlm bony surfaces, and by the tension of the 
corresponding fibrcis of the capsule, together with tli.-it of the muscles acting as 
accessory ligaments, the arm can be carried considerably farther by the movements 
of the scapula, involving, of course, motion at the acromio- and stenio-clavicular 
joints. These joints are therefore to be regarded as acce.ssory structures to the 
.shoulder-joint (see jip. -101 to 103). Tlie extent of these movements of the .scajmla 
is very considerable, especially in extreme elevation of the arm, which movement 
is best accomplished when the arm is tlii’own somewhat forwards and outwards, 
liecause the margin of tlie head of the humiM-us is by no moans a true circle ; its 
grcate.st diamcti'r is from the bicipital groove, downwards, inwards, and back¬ 
wards and the greatest elevation of the arm can be obtained by rolling its articular 
surface in th(‘ direction of this measurement. The great width of the central 
portion of the humeral head also allows of very free horizontal movement when the 
arm is raisi-d to a right angle, in which movement the arch formed by the acromion, 
the coracoid process, and the coraco-acroniial ligament, constitufe.s a sort of sujiple- 
mental articular cavity for the head of the bone. 

The loosen ess of the ca]>sule is so great that the arm will fall about an inch 
from the scajnila when the muscles are dissected from the capsular ligament, and 
an opening made in it to counteract the atmospheric pressure. The movements 
of the joint, therefore, are not regulated by the capsule so much as by the 
surrounding muscles and bv the pressure of the atmosphere, an arrangement which 
‘ rendora the movements of the joint much more easy than they would otherwise 
Lave been, and permits a .swinging, pcnduIum-like* vibration of the limb when 
the muscles are at rest ’ (Humphry). The fact, also, that in all ordinary positions 
of the joint the capsule is not put on the stretch, enables the arm to move freely 
in all directions. Extreme movements are cbecked by the tension of ajipropriate 
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portions of the capsule, as well as by tho interlocking of the bones. Thus it is said 
that ‘ abduction is checked by the contact of tho great tuberosity with the upper 
edge of the glenoid cavity; adduction by the tension of the coraco-humeral 
ligament ’ (Boaunis et Bouchard). Cleland * maintains that the limitations of 
movement at the shoulder-joirit arc due to the structure of the joint itself, the 
glenoid ligament fitting, in different positions of the elevated arm, into the 
anatomical insck of the humerus. 

The scapula is capable of being moved upwards and downwards, forwards 
and backwards, or, by a combination of these movements, circumducted on the 
wall of the chest. The muscles which raise the scapula are the upper fibres of the 
Trapezius, the Levator anguli scapul.'c, and the two Rhomboids ; those which 
depress it are tlu^ lower fibres of the Trapezius, the Pectoralis minor, and, 
through the clavicle, the Siibclavius. The scapula is drawn bachea/rds by the 
lthom[)oids and the middle and lower fibres of the 'J’rapezius, and forivards by 
the Serratus magnus and Pectoralis minor, assisted, when the arm is fixed, by 
the Pectoralis major. The mobility of th<5 scapula is very considerable, and 
gr»!atly assists the movements of the aim at the slioulder-joint. Thus, in raising 
the arm from the. side, the Deltoid and Supraspinatus can only lift it to a right 
angle with the trunk, the further elevati m of the limb being effected by the 
Trapezius and Serratus magnus moving the scapula on the wall of the chest. 
Tliis mobility is of special importance in ankylosis of the shoulder-joint, the 
movements of this bone compensating to a very gr(*at extent for the, immobility 
of the joint. 

(hitlicart f has pointed mit that in abducting tlui arm and raising it above 
the head, the scapula rotates throughout tho whole movcmimt with the exception 
of a short sjjace at tho, beginning and at the end ; that the humerus moves on 
the scapula not only w'liile passing from the hanging to the, horizontal position but 
also in travelling iqiwards as it approaches the vertical above ; that the clavicle 
moves not only during the second halt of the movement but in tlie first as well, 
though to a less extent—i.e. the scapula and clavicle are concerned in the first 
stage as well as in the second ; and that the humerus is partly involved in tho 
second as well as chiefly in the first. 

The intimate union of the t endons of the Supraspinatus, Infraspinatus, Teres 
minor and Siibscapularis muscles witli the capsiih-, converts these muscles into 
elastic and spontaneously acting ligariunits of the joint. It is regarded as being 
also iiitendecl to prevent the folds into v\hieh all portions of the capsule would 
alternately fall in the varying })ositions of tlie joint from being driven between 
the bones by the pressure of tlie atniosphcre. 

1’lie ])eculiar relations of the Biceps tendon to the shoulder-joint appear to 
subserve various purposes. In the first place, by its connection with both the 
shoulder and elbow the muscle harmonises the action of tho two joints, and acts 
as an elastic ligament in all positions, in the maiiiior previously disenssted (see 
page :$72). Next, it strengthens the ujiper part of the .articular cavity, and prevents 
the head of the humerus from being pressed tij) against the acromioir process, 
when the Deltoid contracts; it thus fixes the heatl of the humerus as the centre of 
motion in tho glenoid cavity. By its pas,sage along th(‘ bicipital groove it assists 
in rendering the head of the liumcrus st.eady in the various movements of the 
arm. When the arm is raised from t he, sidi* it assists the Supra- and lufra-spinatus 
in rotating the head of the humerus in the glenoid cavity. It also holds the head 
of the bone firmly in contact with the glenoid cavity, and prevents its slipping 
over its lower edge, or being displaced by the action of the Latissimus dorsi and 
Pectoralis major, as in climbing and many other movements. 

Surface jPorm.-—Tho direction and position of the shoulder-joint may be indicated by 
a line drawn from the middle of the coraco-acromial ligament, in a curved direction, with 
its convexity inwards, to the innermost ^lart of that portion of the head of the humerus 
which can bo felt in the axilla when the arm is forcibly abducted from the side. When 
tho arm hangs by the side, not more than one-third of tho head of the Iwne is in contact 
with tho glenoid cavity, and thi'ee-qiiartcrs of its circumference is in front of a vertical 
line drawn from the anterior border of tho acromion process. 

Applied Anatomy .—Owing to the constraction of tho shoulder-joint and the freedom 
of movement which it enjoys, as well as in consequence of its exposed situation, it is more 

* Jnitrn. of Annt. and Phys. No. 1, 1SC7, p. S.'S. 

t Ibid. vol. xviii. 1881 
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frequently dislooated than any other joint in the body. Dislocation occurs when the arm 
is abducted, and when, therefraT, the head of the humerus presses against the lower and 
front part of the capsule, which is the thinnest and least supported part of the ligament. 
The rent in the capsule almost invariably takes place in this situation, and through it the 
head of the bone escapes, so that the dislocation in moat instances is primarily sviglenoid. 
The head of the bone docs not usually remain in this situation, between the tendons of the 
Sul^capularis and the Tricep.s, but generally assumes some other position, which varies 
according to the direction and amount of force producing the dislocation and the relative 
strength of the muscles in front, of and behind the joint.. As the muscles at the back are 
stronger than those in front, and es])ecially since the long head of the Triceps prevents the 
bone from passing luickwards. dislocation forwards is much more common than backwards. 
The most frequent position whii’h the head of the humerus ultimately assumes is on the 
front of the nock of the scapula, beneath the corncoi<l jirocess, and hence named subcoracoid. 

Fin. 4,52.—T.ieft elbow-joint, .showing Fig, 4,53.—Left elbow-joint, showing 

anterior and internal ligaments. posterior and external ligaments. 


Oi'casiotuilly, in consequence probably of a 
greater amount of force being brought to 
bear on the limb, the head is driven farther 
inwards, and rests on the ii|jpcr [lart of the 
front of the chest, beneath the clavicle (sub- 
clavicular). Sometimes it remains in the ]>osition in wJiich it was j»rimarily displaced, 
resting on the axillary border of the, scapida. (subglenoid), and rarely it passes back¬ 
wards and remains in the infias])inoiis fossa, beiu'ath the spine (subspinous). 

The shouldei -joint may be the S(!iit of any of those, inflammatory affections, either acute 
or chronic, whieli attack joints, though perhaps less frequently than some other articu¬ 
lations of eqiiat size and importance. Acute sjmovitis may result from injury, rheumatism, 
or p 5 'aemia. <ir may follow secondarily on aeuU; (fpipliysitis in infants. It is attended with 
effusion into the joint, and when this occurs the capsule is evenly distended, and the 
«Contour of the joint rounded. Spe^cial projections may occur at the sites of the openings in 
the capsular ligament. Thus a swelling may .spjiear just in front of the joint, internal to 
the les.ser tuberosity, from effusion into the bursa beneath the Suliscapularis ; or, again, 
a swelling which is sometimes bilobeil may bo scon in the interval between the Deltoid 
and Pectoralis major, from effusion into the diverticulum which runs down the bicipital 
groove with the tendon of the Bicej)s. Tlie effusion into the synovial cavity can be best 
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ancertained by examination from the axilla, where a soft, elastic, fluctuating swelling can 
usually be felt. In cases of septic 83 movitis, where incision is required, the opening should 
be made in front, over the most prominent point of the swelling. After the pus has 
been evacuated a counter-opening should be made behind, so iis to ensure efficient 
drainage. 

Tuberculous arthritis not infrequently attacks the shoulder-joint, and may lead to 
total destruction of the articulation, when ankylosis may result, or long-protracted 
suppuration may necessitate excision. This joint is also one of those which is most liable 
to be tho scat of osteo-arthritis, and may also l)e affected in gout and rheumatism ; or in 
locomotor ataxy, when it becomes the scat of Charcot’s disease. 

Ankylosis is occasionally met with in the shoulder-joint as tho result of destructive 
changes. Tlie ankylosis usually takes place with tlic arm in a dependent position, and 
any attempt to raise the arm is attended by a rotation of the scapula on the well of the 
chest. 

Exr'ision of the shoulder-joint may be reipiired in cases of arthritis (especially the 
tuberculous form) which have gone on to destruction of llie articulation; in compound 
dislocations and fractures, jiarticularly those arising from gunshot injuries, in which there 
has lieen extensive injury to the head of the bone ; in some cases of old unreduced disloca¬ 
tion, where there is much pain ; and possibly in some few cases of growth connected with 
tile upper end of the bone. The operation is best ])('rformed by making an incision from 
the middle of the coraco-acromial ligament d( vvn the arm for about three inches: this 
will expose the bicipital groove containing the tendon of the. Tticeps, which should be 
hookccl out of the way. The capsule is freely pe.ned, and the muscles attached to the 
gri'ater and lesser tuberosities of the humerus are stripped off with the cajisule, without 
dividing their attachments to the latter. The head of the bone can then be thrust out of 
the wound and sawm off ; or divided with a narrow saw iit nitu and subsequently removed. 
The section should be made, if [(ossible, just Ixdovv the articular surface, so as to leave 
the bone as long us pos.sible. The glenoid cavity must then be examined, and gouged it 
carious. 

IV. K1,150\V-.)'UM' {Airj'lCt'fiATlO Cl’BlTIi 

The elbow-joint (ligs. 452, 45.‘5) is a giiiglymuH orliinge-joiiit. The trochlea 
of the huuicrus is rt'ccived into tlic greater sigmoid cavity of the ulna, so as 
to admit of the inovemeiils 2 '<>(‘idiar to tliis joint, viz. flexion and extension; 
while the eajiitelluin of the humerus articulates with the eu 2 )-sliaped depression 
on tlu' head of the radius. 'J'lie articular surfaces are each covered with a thin 
layer of eartilap, iuid connected together by a Capsular Ligrament (capsula 
artieularis), whieli is os|K'cially thickened on it,s two sides, and, to a le.ss extent, 
in front and behind. These lliiekened portions are usually described as distinct 
ligaments under tlie following names : 

Anterior. Internal Lateral. 

Posterior. External Lateral. 

The Anterior Ligfament (fig. 452) is a broad and thin fibrous layer, 
which cod ers tlie anterior sni-faee of the joint. It is attached to the front of 
tlie inti rnal ejiieondyle and to the front of the humerus immediately above 
the coronoid and radial fossa?; belovi’, to the anterior surface of the coronoid 
jji'ocess of the ulna and to tho orbicular ligament (page 413), being oonlinuons 
on either side with the lateral ligaments. Its sujicrficial fibres pass obliquely 
from the inner’ condyle of the humei'us outwards to the orbicular ligament. 
The middle tibres, vertical in direction, pass from the upper part of the 
coronoid depression and become partly blended with the j^receding, but 
mainly mserted into the anterior surface of tho coronoid process. The deep or 
transverse set inlcwsects these at right angles. T’his ligament, is in relation, 
in front, with the Brachialis antieus, except at its outermost part. 

The Posterior Lig'ament (fig. 453) is thin and membranous, and consists 
of transverse and obliijuo fibres. Above, it is attached to the humerus imme- 
iliately behind the caiiitellum and close to tho inner margin of tlie trochlear 
surface, to the lateral nmrgins of the ol(‘cranon fossa, and to the back of the 
external condyle some little distance from the Iroehlear surface. Below, it 
IS fixed to the uj^er and outer margins of the olecranon process, to the posterior 
part of the orbicular ligament, and to the ulna behind the lesser sigmoid 
cavity. The transverse fibres form a strong band which bridges acros.s the 
olecranon fossa; under cover of this band a pouch of synovial membrane 
and a pad of fat project into the upper part of the fossa* when the joint is 
extended. In the fat’are a few scattered fibrous bundles, which pass from 
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the deep aspect of the transverse band to the upper part of the fossa. This 
ligament is in relation, bt'hind, with tlie tendon of the Triceps and the 
Anconeus. 

The Internal Lateral Ligament (lig. collak*r(4gjjilnaiT,) (fig. 452) is a 
thick triangular band consisting of two portions, an anterior and posterior, 
united by a thinner intermediate portion. The anterior portion, directed 
obliquely forwards, is attached, above, by its apex, to Ihc front part of tlic 
internal epicondyle of the humerus ; and, below% by its broad base, to the 
inner margin of the coronoid process. 'I’Jie posterior portion, also of triangular 
form, is altaidied, above, by its apex, to the lower and back part of the internal 
epicondyle ; below, to the inner margin of the olecranon. Between these 
two bands a few intermediate fibres descend from the internal epicondyle 
to blend with a transverse band of ligamentous tissue which bridges aci-oss 
the notch betu’cen the olecranon and coronoid processes. This ligament 

is in relation, intt'rnally, 
Fio. 454.—Sagittal section of right cibow-joint taken with the Triceps and 3? lexer 
somewhat obliquely and seen from the radial aspect, (uirpi ulnaris and the ulnar 

nerve, and gives origin to 
part of the Flexoi’ subliniis 
digitoruin. 

The External Lateral 
Ligament (lig. cpllaterale 
radiale) (fig. 45.3) is a sht)ft 
and narrow fibrous band, 
less distinct than the in¬ 
ternal, attached, above, to 
a depression belou' the ex- 
t(!rna] epicondyle of the 
humej-us ; below, to tin* 
orbicular ligament, some 
of its most posterior fibn^s 
])as8ing over that ligament, 
to be inserted into tlie outer 
margin of the ulna. It is 
intimately blend<!d udth th<i 
tendon of origin of th<‘. 
Supinator brevis. 

The Synovial Mem¬ 
brane is very extensi ve. 11 
extends from the margin of 
the articular surfac^e of tin* 
humerus, and lines tin; coro¬ 
noid and olecranon fossa* on 
that bone; it is reflected 
over the anterior, posterior, 
ajid lateral ligaments, and 
forms a poucli betwwn the. 
lesser sigmoid cavity, the 
internal surface of the orbicular liganu*nt, and the circumference of the he.ad 
(jf the radius, rrojeeting between the radius and ulna into the cavity is 
a cTcsccntic fold of synovial membrane, suggesting the division of the joint 
into two : one the huincro-radial, the other the humero-ulnar. 

Between the capsular ligament and the synovial membrane are three masses 
of fat. Th(^ larg«;st, over the olecranon fossa, is pressed into the fossa by the 
Triceps during flexion ; the second, ov<!r the coronoid fossa, and the third, 
over the radial fossa, are pressed into their respective fossae during extension. 

The Muscles in relation with the joitit are, in front, the Brachialis anticus ; 
behind, the Triceps and Anconeus ; externally, the Supinator brevis, and the 
common tendon of origin of the Extensor muscles ; internally, the common tendon 
of origin of the Flexor muscles, and the Flexor carpi ulnaris (fig. 454). 

3’he Arteries supplying the joint are derived from the anastomosis between 
the superior profunda, inferior profunda, and anastomotic branches of the brachial, 
with the anterior, posterior, and interosseous recurrent branches of the ulnar. 
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and tlio recurrent branch of the radial. These vessels form a complete anas¬ 
tomotic chain around the joint. 

The Nerves of the joint are a twig from the ulnar, as it passes between the 
internal condyle and the olecranon ; a filament from the musculo-cutaneous, 
and two from the median. 

Movements. — The (dbow-joint comprises three different portions, viz. the 
joint between the nina and humerus, that between the head of the radius and the 
humerus, and the superior radio-ulnar articulation, described below. All these 
articular surfaces are enveloped by a common synovial membrane, and the move¬ 
ments of the whole joint sSould be studied together. The combination of the 
mo\'enuMits of flexion and extension of the forearm with those of pronation and 
_ sii])ination of the hand, which is ensured by the two being performed at the 
’ sante joint, is essential to the accuracy of the various minute movements of the 
hand. 

Tile portion of the joint betw'cen the ulna and humerus is a simple hinge-joint, 
and allows of movements of flexion and extension only. Owing to the obliquity 
of the trochlear surface of the humerus, this movement docs not take place in the 
plane of the shaft of the humerus. When the forearm is extended and supinated, 
tlie axes of the arm and forearm are not in the same line, the upper portion of 
the linil) forming an olituse angle wuth the lower, the liand and forearm being 
directcid outwards. During flexion, on the t ther hand, the forearm and the hand 
tend to approach the middle line of the iiody, and thus enable the hand to be 
easily carrii'd to tlie face. The shape of the trochhiar surface of the humerus, 
witli its prominences and depressions accurately adajited to the gi’eat sigmoid 
cavity, prevents any lateral movement. Flexion is produced by the action of 
the liiceps and Bracliialis anticus, assisted by the Brachio-radialis and the muscles 
arising from the internal condyle of the humerus ; extension, by the Triceps and 
.\nconeus, a.ssisted by the Extensors of the wrist, the Extensor communis 
digitorum and the Extensor minimi digiti. 

I'lie joint betwcim the head of the radius and the capitehum or radial head of 
the humerus is an arthrodial joint. Tin* bony surfaces would of themselves 
constitute an enarthrosis and allow' of mo\ement in all directions, were it not for 
the orbicular ligament, by which the head of the radius is bound down firmly to 
the sigmoid cavity of tlie ulna, and which prevents any separation of the two 
bones laterally. It is t<> the same ligament that the hc.ad of the radius ow'es 
its security from dislocation, which would otherwise tend to occur, from the 
shallow'iiess of the cup-like surf.ice on the head of the radius. In fact, but for 
this ligament, the tendon of the Biceps would be liable to pull the head of the 
radius out of the joint.* Tlu'. head of the radius is not in complete contact with 
th(! c.q)itellum of the humerus in all ])ositions of the joint. The. capitellum occupies 
only the anterior and inferior surfaces of the lower end of the humerus, so that 
in coni])]ete e.xtension a ])art of the radial head can be plainly felt projecting at 
the bacK of the articulation. In full flexion the moveimmt of the radial head is 
hamperc'd by the. compression of the surrounding soft paids, so that the freest 
rotatory juovement of the radius on the huunuus (pronation and supination) takes 
])lacc in semiflexion, in which position the two articular surfaces are in freest and 
most intimate contact. Flexion and extension of the elbow'-joint are limited by 
the tension of the structures on the front and back of the joint; the limitation 
of flexion is also aided by the. s oft structures of the arm and forearm coming into 
contact. 

In any position of fle.xion or extension, the radius, carrying the hand with it, 
can be rotated in the upper radio-ulnar joint. 'I'he hand is directly articulated 
to the lower surface of the radius only, and the (•oncave or sigmoid surface on the 
low'er end of the radius travels round the lower end of the ulna. The latter bone 
is excluded from the wrist-joint by the interarticular fibro-cartilage. Thus, rota¬ 
tion of the head of the radius round an axis wdiich passes through the centre 
of the radial head of the humerus imparts circular movement to the hand through 
a very considerable arc. 

Siirface Form .—If the forearm be slightly flexed, a curved crease or fold with its' con¬ 
vexity downwards is seen in the front of the elbow, extending from one condyle to the other. 
The centre of this fold is some slight distance above the hne of the joint. The position 


* Humphry, op. cit. p. 4J!). 
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of the radio-humeral joint can be ascertained by feeling for a slight groove or depression 
between the head of the radius and the capitellum of the humerus at the back of the 
articulation. 

Applied Anatomy .—^From the gi’oat brcarlth of the jomt, and the manner in which 
the articular surfaces are interlocked, and also on account of the strong lateral ligaments 
and the support which the joint derives from the mass of muscles attached to eaesh condyle 
of the humerus, lateral displacement of the bones is very imcommon ; whereas antero¬ 
posterior dislocation, on account of tlie shortness of the antero-posterior diameter, the 
weakness of the anterior and posterior ligaments, and the want of support of muscles, 
occurs much more frequently. Dislocation backwards lakes place when the forearm is 
in a ))osition of extension, and forwards when in a position of flexion. For, in the 
extended position, the coronoid process is not locked into the coronoid fossa, and loses 
its grip to a certain extent, whereas the olecranon pro<!esa is in the olecranon fossa, and 
entirely prevents displacement forwards. On the. other hand, during flexion, the coronoid 
])roocss is in the coronoid fossa, and prevents dislocation bacikwards, while the olecranon, 
having left the olecranon fossa, is not so efficient in preventing a forward displacement. 
\A'hcn lateral dislocation does take })lace it is generally incomplete. Dislocation of the 
elbow-joint is of cominon occurrence in children, far more common than dislocation of any 
oilier articulation. As a rule, in young jiersons, the ax)plication of any severe violence 
to a joint is more likel,\ to produce a fracture of bone than dislocation. In lesions of this 
joint there is often \ cry great dilliculty in ascertaining the exact nature of the injury. 

The elbow-joint is occasionally the seat of acute synovitis. The joint-(!avity then 
becomes distended with fluid, the bulging showing itself priucijially around the olec-ranon 
jwocieBS, that is to say. on its inner and outer sides and above, in I'onscquonce of the laxness 
tif the posterior ligament. Again, there is often some swelling just above the hc.ul of 
the radius, in the line of the radio-humeral joint, or the whole elbow may assume n fusiform 
appearamic. There is not generally much swelling at the front of the joint, though soinc- 
timc.s deep-seated fulness beneath tlie Hrachialis anticus may be noted. When suppuration 
occurs the abscess usiuUly points at one or other border of the 'J'ricejis ; occasionally the 
j)u.s discharges itself in front, njfir the iascrtioii of the JJrachialis anticus. En cases 
of suppurative synovitis, incisions should be made into the joint on either side of the 
olecranon, care la'iiig taken to avoid wounding the uhuir nerve on the inner side, (,’hronic 
synovitis, usually of luberculoas origin, is of common occurrence in the elbow-joint : in 
such cases the forearm tends to assume the position uf semiflexion, which is that of 
greatest ease and relaxation of ligaments. It should be home in mind that if ankylosis 
occur in this or the extended po.sition, the limb will not be nearly so us» ful as if ankylosed 
in a position of rather less than a right angle. 'Hie elbow'-joint is also sometimes affected 
with osteo-arthritis, but les.s commonly than some of the larger joints. 

Excision of the elbow is principally inquired for one of three conditions—viz. tulier- 
eiilous arthritis, injury and its results, or faulty ankylosis—but may be necessary for some 
other rarer conditions, .such as disorganising arthritis after jiytemia and unreduced dis¬ 
locations. The results of the ojicration are, as a rule, more favourable than those of excision 
of any other joint, and it is one, therefore, that the surgeon should never hesitate to 
jK^rform, cs)>ccially in any of the lirst thre.t>, conditions mentioned above. The operation 
is best perlormed by a vertical incision down the back of the joint; a straight incision 
is made about four inches long, the mid-point of which is on a level with and a little to 
the inner side of the tij) of the olecranon. This incision is made down to the Vionc, 
through the sidwtance of the Trieejis. Tlie opi-rator, guarding the soft parts with his 
thumb-nail, separates tlumi from the bone ivith the jioint of his knife. In doing this 
thi-re are two structun's wliieh he should carehdly avoid : the ulnar nerve, which lies 
parallel to his iricision, but a little internal, as it courses down between the internal 
condyle and the olocra.iion process; and the ))rolongation of tho Triceps into the deej) 
taseia of the forearm over the Anconeus. Having cleared the bones and divided the latcTal 
and posterior ligaments, tlu' forearm is strongly flexed and the ends of tho bones turned 
tmt and sawn olf. 'Jlie tui'ning out of the ends of the bones is rendered easier by lirst cutting 
off the olecranon process with u jiair of cutting bone forceps. The section of tho humerus 
should be ilirougli the base of the condyles, that of tho ulna and radius should bt' just 
lielovv the lc\el of tlie lossei- sigmoid cavity of the ulna and the nock of the radius. In 
this opei'ation the object is lf> obtain siieb union as shall allow free motion of the bones 
of the Joreann ; and. therefore, passive movements must lx- commenced early—that is to 
sa.y. about the tenth day. It is most important to maintain tbo continuity of tho Triceps 
with the de,ep fascia of the lorearm, so as to obtain good pow’er of extension in the new 
joint. 

V. ItAHIO-UkNAH -MITKABLATIONS 

■» 

The articulation of the radius with the ulna is effected by ligaments, which 
connect together both extremities as well as tho shafts of these bones. The 
ligaments may, consequently, be subdivided into three sets: ], those of the 
superior radio-ulnar articulation; 2, the middle radio-ulnar ligaments; 3, those 
of the inferior radio-ulnar articulation. 
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1. StTPERIOU RaDIO-UENAR ARTICULATtON (ArTICTJLATIO RADIOtriiNARIS 

Pboximalis) 

This articulation is a trochoid or pivot-joint between the circuniferenco 
of the head of tho radius and the ring formed by the lessor sigmoid cavity 
of the ulna and tho annvXar or orhicvlar ligament. 

The Annular or Orbicular Ligament (lig. annulare radii) (fig. 455) 
is a strong band of fibres, which encircles the head of the radius, and retains 
it in contact with tho lesser sigmoid cavity of the ulna. It forms about four- 
fiftJis of tlio osseo-fibrous ring, and is attached to the anterior and posterior 
margins of the lessor sigmoid cavity; a few of its lower fibres are, however, 
continued round below the cavity and form at this level a complete fibrous 
ring. Its upper border blends with the anterior and posterior ligaments of 
the elbow, while from its lower border a thin loose membrane passes to be 
attached to the neck of the radius ; a tliickeuod band \A'hicli extends from 


Fin. 455.—Orbicular ligament of radius, from above. The bead of the radius has 
been sawn off and the bone dis^Ddged from the ligament. 

Until of radiuH hignmcntiini Urrutrr ftif/miji'l 
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the lower border of the orbicular ligament below the lesser sigmoid cavity 
to the neck of the radius is known as the liyamciUuw (fuadratum. Tlie ovicr 
mr/ncf of the orbicular ligament is strengthened by the external lateral 
ligament of tlic elbow, and affords origin to part of the Supinator brevis. 
Its inner surface is smooth, and lined by synovial membrane, which is 
continuous with that of th<^ elbow-joint. 

Movements.—The movements wliich take place in this articulation are limited 
(orotatorv movements of the head of the radius within the ring formed by the 
orbicular ligament and the lesser sigmoid cavity of the ulna ; rotation forwards 
being called pronation ; rotation backwards, svpin<Uion. Supination is performed 
by the Biceps and Sui)inator brevis, assisted to a slight extent by the Extensor 
muscles of the thumb, and, in certain positions, by theBrachio-radialis. Pronation 
is performed by the Pronator teres and Pronator ijuadratus, assisted, in some 
positions, by the Brachio-radialis. 

Surface Form .—The position of tho superior radio-ulnar joint is marked on the surface 
l>y a dimple on the. ba<!k of the elbow which indicates tho pasition of the head of the radius. 

Applied Anatomy .—Dislocation of the head of tho radius alone is a not uncommon 
.accident, and occurs most frequently in young persons from falls on the hand when the 
forearm is extended and supinated, the head of the bone being displaced foiward. It is 
attended by rupture of the orbicular ligament. Occasionally a peculiar injury, which is 
supposed to be a subluxation, occurs in young children in liking them from the ground 
by the hand or forearm. It is believed that the head of tlie radiUs is displaced downwards 
in the orbicular ligament, the flpper border of which becomes folded over tho head of the 
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radius, between it and the capitellum of the hunicrud. The forearm becomes fixed in a 
position of semifloxion, midway between supination and pronation, and great pain is 
complained of upon any attempt to move the joint. It should be noted that the synovial 
membrane of the superior radio-ulnar joint is directly continuous with that of the elbow- 
__injn t, a nd, therefore, any septic or tuberculous disease which affects the latter also involves 
the former joint. The >;uperior radio-ulnar joint is alwajis removed in an excision of the 
elbow (see j). 412). 

2. Middle R.vdio-tjlnaii Union 

Tlie shafts of tJie radius and ulna are connected by llic 

Oblique ligament and the Interosseous membrane. 

The Oblique Ligament (chorda obliqua) (fig. 452) is a small, flattened, 
fibrous band, which extends obliquely dovmwards and outwards, from the 
outer side of the tubercle of the ulna at the base of the eoronoid process to 
the radius a little below the bicipital tuberosity. Its fibres run in tlie ojiposite 
direction to tlio.se of the interosseous membrane ; and it appears to be placed 
as a substitute foi’ it in the upper part of the interosseous interval. It is 
sometimes wanting. 

The Interosseous Membrane (membrana interossea antibrachii) is a 
broad and thin plane of fibrous tissue descending obliquely downwards and 
inwards, from the interosseous ridge on the radius to that on the ulna ; th(> 
lower part of the nieinbrane is attached to the posterior of the two lines 
into which the interosseous ridge of the radius divides. It is deficient 
above, commencing about an inch beneath the bicipital tuberosity of the 
I’adius ; is broader in the middle tlian at either extremity ; and presents 
an oval aperture just above its lower margin foi- the jiassage of tlie anterior 
interosseous vessels to the back of the forearm. This ligament serv’es to 
connect the bones, and to ineroase the extent of surface for the attachment 
of tlie deep muscles. Between its upper boi’dei' and tJie oblique ligament 
an interval exists, through wliich the jiosterior interosseous vessels jiass. 
Two or tliree fibrous bands are occasionally found on the posterior surface 
of this membrane; they descend obliquely from the ulna towards the radius, 
and have consequently a direction contrary to that of the otJier fibr«*s. The 
membrane is in relation, in front, by ils ui»|X!r three-fourths, with the Fli-xor 
longus pollktis on tlu' outer side, and with the Flexor ])rofundu.s digitorurn on 
the inner, lying in the interval between nhich are the anterior interosseous 
vessels and n<n-ve ; by its lower fourth with the J’ronator quadratus ; behind, 
with the Supinator brevis. Extensor ossis inetacaiqii jioJlicis, Extensor brevis 
pollicis, Extensor longus pollicis, Extensor indicis ; and, near the wri.sl, with 
the anterior interossi'ous artery and posterior interosseous nerve. 

3. Infbiuok Radio-uln.4K Aktjcul^vtjon (Ai{ticdl.\tio R.adioulnakis 

I)l.STALI.S) 

This is a pivot-joint formed Ijctween tlic. lu'ad of the ulna and the sigmoid 
cavity on the inner side of tlie lowiw end of tlie radius, 'riie articular surfaces 
are connected logcllier by the following ligaments : 

Anterior Radio-ulnar. Posterior Radio-ulnar. 

Interart i cular Fi bro-cart ilagc. 

Till! Anterior Radio-ulnar Ligament (fig. 456) is a narrow band of 
fibres iixlcnduig from the anterior margin of tlie sigmoid cavity of the radius 
to the anteiior surface of thi! head of the ulna. 

The Posterior Radio-ulnar Ligament (fig. 457) extends between corre¬ 
sponding suilaces on the posterior aspect of the articulation. 

The Interarticular Fibro-cartilage (discus articularis) (fig. 459) is tri¬ 
angular in shape, and is placed transversely beneath the bead of the ulna, 
binding the lower ends of the ulna and radius firmly together. Its periphery 
is thicker than its centre, which is thin and o(!ca8ionaIly perforated. It is 
atiaclied by its apex to a depression wliich sejiaratcs the styloid process of 
the ulna from the head of that bone; and by its base, which is thin, to the 
prominent edge of tlie radius, which separates the sigmoid cavity from the 
caipal articular surface. Its margins are united to the ligaments of the 
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wrist-joint. Its upper surface., smooth and concave, articulates with the 
head of tlie ulna, forming an arthrodial joint; its under surfaf^, also concave 
and smooth, forms part of tlio wrist-joint and articulates with the cuneiform 
and inner part of the semilunar. Both surfaces are (dotlied by synovial 
membrane : the upper surface, by one peculiar to the radio-ulnar articulation ; 
the under surface, by the synovial membrane of the wrist. 

The Synovial Membrane (fig. 459) of this articulation has been calliHl, 
from its extreme looseness, the rnembrana sacciformis ; it extends upwards 
between the radius and the ulna, forming here a very loose cul-de-sac (recessus 
sacciformis). The quantity of synovia wJiieJi it conLiins is usually considerable. 

Movements.—Tlic movements iu the inferior radio-uluur articulation are just the 
revfrse of those in the 8U])erior radio-ulnur joint. They consist of movements of 
rotation of the lower ctuI of the radius round an axis which passes through the 
centre, of the head of the ulna. Wlnui the radius rotates forwards, pronahon of 
the forearm and hand is the result; and when backwards, supination. It will 
thus be seen that iu projiation and supination of the b)rearm and hand the radius 
descrilxis the segment of a coin!, the axis of which extends from the centre (»f the 
liead of the radius to the middle of the head of the ulna. In this movement tlie 
head of the ulna is ndfc stationary, but de cribes a curve in a direction opposite! 
to that taken by the head of the radius. This, however, is not to be regarded as 
a rotation of the ulna—tlu! curve which the head of this bone dt'seribes is due to a 
combined anterij-posterior and lateral inovciiiKiut, tlie former taking place almost 
entirely at the elbow-joint, the latter at the shoulder-joint. 

Sur/arf Form .—^The ])osiljon of the inferioi- radio-ulnar joint may 1)C ascertained by 
feeling for a slight groove at tliebacik of the wrist, betwe(*ii the prominent head of the ulna 
and the lower end of the radius, when the forearm is in a slate of .almost (iomjdcte ])ronal ion. 

VI. hadjo-caupUj on wiusT .joint (A11tu i:l.\tio hadiocahj’j-jai 

The wrist-joint (figs. 450, 457) is a condyloid articulation. The parts 
entering into its formation are the lower cud of the radius and under surfac** 
of the interarticular filjro-carlilage above ; and tli<‘ sca])hoid, semilunar, and 


Fio. 4.50. -Ligamt'nfs of wrist and liand. .Anterior view. 
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cuneiform bones below. The articular surface of tlie radius and the under 
surface of the iuterarticular fibro-cartilage form together a transversely 
idlipiieal concave surface, the redseiving cavity. The articular surfaces of 
the siiaplioid, semilunar, and cuneiform present a smooth, convex surface, the 
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condyle, which is received iuto the concavity above mentioned. All the bony 
surfaces of the articulation are covered with cartilage, and connected together 
by a Capsule, strengthened by the following ligaments : 

Anterior. Internal lateral. 

Posterior. External lateral. 

The Anterior Ligament (lig. radiocarpeum volare) (fig. 456) is a broad 
membranous band, attached above to the anterior margin of the lower end of 
the radius, to its styloid process and to the front of the lower end of the ulna; 
its fibres pass downwards and inwards to be inserted into the palmar surfaces 
of the scaphoid, semilunar, and cuneiform, some of the fibres being continued 
to the os magnum. In addition to this broad membrane, there is a distinct 
rounded fasciculus, superficial to the rest, which passes from the base of the 
styloid process of the ulna to the semilunar and cuneiform. The ligament is 
perforated by numerous apertures for the passage of vessels, and is in relation, 
in front, Avith the tendons of the Flexor profundus digitoruin and Flexor longus 
pollicis ; behind, it is closely adherent to the anterior border of the triangular 
fibro-cartilage of the inferior radio-ulnar articulation. 


FiCi. 457.—Lifiumeiits of wrist and hand. Posterior view. 
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'File Posterior Ligament (Hg. radiocarjieum dor-sale) (fig. 457), less tliick 
and strong than the anterior, is attached, above, to the posterior bolder of 
the lower end of the radius ; its fibres pass obliquely downwards and inwards, 
to be attached to the dorsal surfaces of the scaphoid, semilunar, and cuneiform, 
lieing continuous with tliose of the dorsal carpal ligaments. It is in relation, 
behind, w it h the Extensor tendons of the fingers ; in front, it is blended with 
the triangulai- fibro-cartilage. 

Th<‘ Internal Lateral Ligament (lig. crollatcrale carpi ulnare) (fig. 456) is 
a round(>(l cord, attached above to the extremity of the styloid process of 
the ulna, and dividing below into two fasciculi, one of which is attached 
to the inner side of the cuneiform, the other to the pisiform and annular 
ligament. 

The External Lateral Ligament (lig. collaterale carpi radiale) (fig. 456) 
extends from the summit of the styloid process of the radius to the outer 
side of the scaphoid, some of its fibres being prolonged to the trapezium and 
annular ligament. It has in relation with it the radiid artery, which separates 
fhe ligament from the tendons of the Extensor ossis metacarpi and Extensor 
brevis pollicis. 
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Fxg. 458.—Longitudinal section of 
the right forearm, hand, and 
third finger, viewed fi-om the 
ulnar aspect. (After Braune.) 


The Synovial Membrane (fig. 469) lines the inner surfaces of the ligaments 
above described, extending from the lower end of the radius and interarticular 
fibro-cartilage above to the articular surfaces of the carpal bones below. It is 
loose and lax, and presents numerous folds, especially behind. 

The wrist-joint is covered in front by the Flexor, and behind by the Extensor 
tendons ; it is also in relation with the radial and ulnar arteries. 

The Arteries supplying the joint are the 
anterior and posterior carpal branches of the 
radial and ulnar, the anterior and posterior 
interosseous, and some ascending branches 
from the deep palmar arch. 

The Nerves are derived from the ulnar and 
posterior interosseous. 

Movements.—The movements permitted in 
this joint are flexion, extension, abduction, 
adduction, and circumduction. They will be 
studied with those of the carpus, with which 
they are combined. 

Surface Form .—On the front of the wrist three 
transverse furrows may be generally seen: fl.o 
uppermost is on a level with the styloid process of 
the ulna ; the middle ct)rresponds fairly accurately 
with the wrist-ioint ; and the low'cst indicatt's the 
position of the mid-carpal articulation. 

Applied Anatomij .—The 'WTist-joint is ranily 
dislocated, its strength dej)ending mainly uj)on the 
numerous strong tendons which surround the 
articulation. Its security is further provided for 
by the numlwr of small Ismes of which the carpus 
is made up, and which arc united by very strong 
ligaments. The slight movements which take 
place between the several boner serve to break 
the jars that rcfsiilt from fulls or blows on the 
hand. Dislocation backwards, which is the more 
common, simulates to a considerable e.vtent ('olles’s 
fractun; of the radius, and is liable to Iw mistaken 
for it. 'I'lu: dilTcrential diagnosis eati be easily 
made by observing the relative positions of the 
styloid processes of the radius and the ulna. In 
the natural condition the styloid jnocess of the 
ra<lius is «m a lower level, i.e. nearer the ground, 
when the arm hangs by tlic sides, than that of th<‘ 
ulna, and this rclaiionshi]> is not disturbed in dis¬ 
location. In ("olles’s fracture, on the other hand, 

’ iie styloid process of the radius is on the same, o*" 
even a higher level than tliat of the ulna. 

• 'The wrist-joint is occasionally the seat of acutei 
synovitis. When the synovial sixe is distended 
with fluid, the swelling is greatest on the dorsal 
aspect of the wrist, showing a general fulness, with 
florae bulging between the tendons. The in¬ 
flammation is prone to exUmd ti. the intcrearj)al 
joints and to attack also the sheaths of the 
tendons in the neighbourhood. Chronic in¬ 
flammation of the wrist is generally tuberculous. 

and often loads to similar disease in the synovial sheaths of adjacent tendons and of the 
intorcarpal joints. ITio disease, therefore, when progressive, frequently leads to caries 
of the carpal bones, and the result is often an ankjdosis. A free incision of the joint by a 
straight posterior cut leads, in some casos, to most satisfactory results. 



VII. CAKPAL AUTICULATION8 (AllTICUrjATlONES INTERCARPE.®) 

These articulations may bo subdivided into three sots ; 

1. The Articulations of the First Row of Carpal Bonos. 

2. The Articulations of the Second Row of Carpal Bones. 

3. The Articulations of the Two Rows WTith eacn other. 

S E 
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1. ARTIOtTLATIONS OF THE FiRST OR PROXIMAL ROW OP CaRPAL BONBS 

These are arthrodial joints. The ligaments connecting the scaphoid, 
semilunar, and cuneiform are : 

Dorsal, Palmar, and two Interosseous. 

The Dorsal Ligaments, two in number, are placed transversely behind 
the bones of the first row; they connect the scaphoid and semilunar, and 
the semilunar and cuneiform. 

The Palmar Ligaments, also two, connect the scaphoid and semilunar, 
and the seniilimar and cuneiform ; they arc less strong than the dorsal, and 
placed very deeply below the Flexor tendons and the anterior ligament of 
the wrist. 

The Interosseous Ligaments {fig. 456) are two narrow bundles of fibrous 
tissue, one connecting the semilunar with the scaphoid, the other joining it to 
the cuneiform. They are on a level with the superior surfaces of these bones, 
and their upper surfaces are smooth, and form part of the convex articular 
surface of the wrist-joint. 

The ligaments connecting tlm pi.siform bone arc— 

Capsular. Two Palmar. 

The Capsular Ligament is a thin mcinbranc which connects the ijisiform 
to the cuneiform. It is lined with a stiparate synovial membrane. 

The two Palmar Ligaments are strong fibrous bands; one, the piso- 
unciform lujament (lig. pisohamatum), connects the pisiform to tho unciform, 
the other, the piso-metacarpal ligament (lig. pisome.tacarpeum), joins the pisiform 
to the fifth metacarpal bone (fig. 456). These ligaments are, in reality, 
prolongations of the tendon of the Flexor carpi ulnaris. 

2, Articulations of the Second or Distal Row of Carpal Bones 

These also are arthrodial joints. Thc5 articular surfaces are covered with 
cartilage, and connected by the following ligaments : 

JJorsal, Palmar, and three Interosseous. 

The Dorsal Ligaments, three in number, extend transversely from one 
bone to another on the dorsal surface, (ionnccting the trapezium with the 
trapezoid, the trapezoid with the os magnum, and the os magnum with the 
unciform. 

The Palmar Ligaments, also three, have a similar arrangement on tho 
palmar surface. 

The three Interosseous Ligaments, much thicker than those of the first 
row, are phiced one between the os magnum and the unciform, a second 
bet ween the os magnum and the trajiczoid, and a third between the trapezium 
and trapezoid. The first of these is much tho strongest, and tho third is some¬ 
times wanting. 

3. Artk'ulaiions of TTiii: Two Row.s of Carpal Bones with each other 

TIu' joint between the scaphoid, semilunar, and cuneiform on the one 
hand, and the second row of car])al bones on the other, is named the mid-mrpal 
joiiU, and is made up of thre(> distinct yxirtions : in the centre tho head of the 
os magnum ajid the superior surface of the unenform ailiculate with the deep 
cup-shaped cavity formed hy the scaphoid and semilunar, and constitute a 
sort of ball-and-socket joint. On the outer side the trapezium and trapezoid 
articulate with the scai)hoid. and on the inner side the unciform articulates 
with the cuneiform, forming gliding joints. 

The ligaments arc : 

Anterior or Palmar. Internal Lateral. 

Posterior or Dorsal. External Lateral. 

The Anterior or Palmar Ligament consists of short fibres, which pass, 
for the most part, from the palmar surfaces of the bones of the first row to 
the front of the os magnnm. 
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The Posterior or Dorsal Ligrament consists of short, irregular bundles 
of fibres passing between the bones of the first and second rows on the dorsal 
surface of the carpus. 

The Lateral Ligaments arc very short: one is placed on the radial, the 
other on the ulnar side of tlie carpus ; tlie former, the stronger and more 
distinct, connects tlje scaphoid and traiiezium, the latter the cuneiform 
and uncifoiTn ; they are continuous with the lateral ligaments of the wrist- 
joint. In addition to these ligaments, a slender interosseous band sometimes 
connects the os magnum and the scai>hoid. 

The S3movial Membrane of the Carpus is very extensive (fig. 459); 
it passes from the margins of the under surfaces of the scaphoid, semilunar, 
and cuneiform bomts to the margins of the ujiper surfaces of the bones of the 
second row. It sends two prolongations upwards—between the scaphoid and 
semilunar, and the semilunar and cum'iform - and tliree prolongsitions down- 
w'ards between the four bones of the second row. The prolongation between 
th(! trapezium and tra})czoid, oi’ that between the trapezoid and os magnum, 
is often continued onwards, owing to the absence of the interosseous ligament, 
into the carpo-metacarpal 

joints, sometimes of the —\ertical section tlirough the articulations 

four nincr metiicarj)al boims, at the wrist, showing the li VP synovial membranes, 
sometimes of the sc'cond and 
third only. In tln^ latter 
condition the joint bctw(‘en 
the unciform and the fourth 
and fifth metacarpal bones 
lias a separate synovial mem¬ 
brane. The synovial mem¬ 
branes of these joints are 
rolonged for a sliort distanci', 
el ween the metacarpal 
bones. Tliere is a sejiarate 
synovial membrane between 
the pisiform and cunei¬ 
form. 

Movements.— The articu¬ 
lation of the hand and wrist 
considered as a whole involves 
four articular surfaces : (a) the 
inferior surfaces of the radius 
and triangular lihro-cartilage ; 

(6) the superior surfacjcs of 
the scaphoid, semilunar, and 
■ aneiforia, the pisiform ha\dng 
no essential part in the move¬ 
ment of the hand; (c) the 
S-shaped surface formed by 
the inferior surfaces of the scaphoid, seuiilunar, and cuneiform ; (d) the reciprocal 
surface formed by the trapezium, trapezoid, os magnum, and unciform. These 
four surfaces form two joints : (1) the superior or wrist-joint proper ; and (2) the 
inferior or mid-carpal joint. 

(1) The articulation between the forearm ami carjius is a true condyloid articula¬ 
tion, and therefore all movements but rotation are permitted. Flexion and exten¬ 
sion are the most free, and of these a greater amount of extension than of 
flexion is permitted since the articulating surfaces extend farther on the 
dorsal than on the palmar surfaces of the carpal bones. In this movement the 
carpal bones rotate on a transverse axis drawn between the tips of the styloid 
processes of tlie radius and ulna. A certain amount of adduction (or ulnar flexion) 
and abduction (or radial flexion) is also permitted. The former is considerably 
greater in extent than the latter on account of the shortness of the styloid 
process of the ulna, abduction being soon limited by tlic contact of the styloid 
process of the radius with the trapezium. In this movement the carpus revolves 
upon an antero-posterior axis drawn through the centre of the wrist. Finally, 
circumduction is permitted by the combined and consecutive movements of 

E B 2 
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adduction, extension, abduction, and flexion. No lotation is possible, but the 
effect of rotation is obtained by the supination and pronation of the radius on 
the ulna. The movement of flexion is performed by the Flexor carpi radialis, 
the Flexor carpi ulnaris, and the Palmaris lonsus ; ixtension by the Extensorcs 
carpi radialis longior et brevior and the Extensor carpi ulnaris ; adduction (ulnar 
flexion), by the Flexor carpi uhiaris and the Extensor carjii ulnaris; and 
aMuclion (radial flexion) by the Extensors of the thumb, and the Extensorcs carj)i 
radialis longior ot brevior and the Flexor carpi radialis. When the fingers are 
extended, flexion of the wrist is performed by the Flcxores carpi radialis et ulnaris 
and extension by the Exte.nsor comjiiunis digitoruni. When the fingers are 
flexed, flexion of the wrist is performed by tin* Flexores subliniis et profundus 
digitoruni, and extension by the Extensorcs carpi radiales et ulnaris. 

(2) The chief movements permitted in the transvci’se or mid-carpal joint are 
flexion and extension and a slight amount of rotation. In flexion and extension, 
which are the movcmients most freely enjoyed, the trapezium and trapezoid on the 
radial side and the unciform on the ulnar side glide forwards and backwards on 
the scaphoid and cuneiform respectively, while the head of the os magnum and 
the superior surface of the unciform rotate in the cup-shape.d cavity of the scaphoid 
and semilmiar. Flexion at this joint is freer than extension. A very trifling 
amount of rotation is also permitted, the head of the os magnum rotating round 
a vertical axis drawm through its own centre, w hile at the same time a slight gliding 
movement takes place in the lateral portions of the joint. 

Vm. CAUPO-TUETACARVAl. ARTlC.UliATIONS (AUTICt^LATIONKS CAVtrOMETACAUPEA-’,) 

1. Auticulation ok the METACAnpAii Bone ok the 'Phumh w'ith the 
TrAI’EZIIIM (AimCTLATIO CaRPOMETACARJ’EA Bollici.s) 

This is a joint of reciprocal re»>e])tion, and enjoys groat freedom of movement 
on account of the configuration of its articular suriaecs, which are saddle- 
shaped, so that, on .se«dion, «dther in the Jong axis oi- at right angles to it, 
one bone appears to be received into a cav'ity in tlu' othei'. "I’he joint is 
HuiToundcd by a capsular ligament. 

The Capsular Ligament (cajisula articularis) is thick but loose, and 
pa.s.ses from the eireumferenee of I he upper extremity of lln* nietaearpal 
boru' to the rough edg<‘ bounding the articular surface of the trapezium ; 
it is thiitkcst externally and behind, and lined by a separate synovial 
membrane. 

Movements.—Tn the articulation of the metacarpal hone ol the thuitd) with 
the trapezium the movcMUcnts permitted arc fl(!xiou and uxtcjnsion in the 
plane of the palm ot the hand, abduction and adduction in a plane at right 
angles to the palm, circumduction, ami opposition. It is by the movement of 
oj)positiou that the tip of the tlmmh is brought into contact with the palmar 
surfaces of the slightly flexed fingers. Tliis movement is effected through the 
medium of a small sloj)ing facet on the anterior lip of thii saddle-shaped articular 
surface of the trapezium. The Flexor miisch's pull the corresponding part of 
the articular surface of the metacarpal bone on to this facet, and tlui movement 
of opposition is then carried out by the Adductors. 

Flexion of this carpo-motacarpal joint is produced by the Flexores longus et 
l)ievis pollicis assisted by the Opponens ])ollicis and the Adduetores transversus 
et obU(|nus- pollicis. Ext«‘nsion is ellocted mainly by the Exten.sor ossis mctacarpi 
pollicis. iissihied by the Extensores longus et brevis pollicis. Adduction is carried 
out b\ 1 lie two Adductors; abduction mainly by the Abductor ])ollicis, assisted 
by the Extensors. 

2. AimcuLATUiNs OK THE I’ouR Innek Metacarpal Bones with the C!ahi*u.s 

The joinls foiined Ixdween the carpus and the four inner metacarpal 
bones are arthrodial joints. The ligaments arc : 

Dorsal, Palmar, and Interosseous. 

The Dorsal Ligaments, the strongest and most distinct, connect the 
carpal and metacarpal bones on tbeir dorsal surfaces. The second meta¬ 
carpal bone receives two fasciculi, one fi-om the trapezium, the other from 
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the trapezoid; tJie third metacarpal ro(!cives two, one from the trapezoid, 
and one from the oa magnum ; the foui'tli two, one from the os magnum, 
and one from the unciform ; the fifth receives a single fasciculus from the 
unciform, and tliis is continuous with a similar ligament on the palmar 
surfatte, forming an incomplete capsule. 

The Palmar Lig^aments hav(< a somewhat similar arrangement on the 
palmar fiuHace. with the exception of those of the third metacarpal, M'hich are 
three in number, an external one from the trapezium, situated above the 
sh(«ith of t\w tendon of tlie Flexor caipi radialis ; a middle one from the os 
magnum ; and an internal one from the unciform. 

The Interosseous Ligaments consist of short, tluck fibres, which are 
limited to one part of the carpo-metacarpal arti(mlatioii; they connect 
the contiguous inferior 

angles of the os magnum 4(30.—Articulations of the phalanges, 

and unciform with the 


adjacent surfaces of the 
third and fourth meta- 
(!arf)al bones. 

The Synovial Mem¬ 
brane is frequently a 
continuation of that 
betu eon tlie two rows 
of car[Hvl bones. (Occa¬ 
sionally, lh(! articulation 
of the unciform nith tlie 
fourth and fifth meta¬ 
carpal bones has a st'jta- 
rate synovial membrane. 

The synovial mem¬ 
branes of the wrist a ltd 
carpus (fig. 459) are thus 
seen to be fiv(“in niimlicr. 
The first, tin* wnntirniin 
sacriformis, ]»asse.s from 
the lower end of the ulna 
to the sigmoid (iavity of 
the radius, and lines the 
upper surface of the 
intcrarticiular fibro-carti- 
lag(\ The second passes 
from the lower (uid of 
the radius and inter- 
articulai fibro-cartilagc 
above, to the bones of 
the first row below. The 
third, the most extemsivc*, 
passes between the con¬ 
tiguous margins of the 
two rows of carpal bones, 
aiul sometimes, in the 
event of one of the inter¬ 



osseous ligaments being absent, between the bones of the second row 
to the carpal extremities of the four inner metacarpal bones. The fourth, 
from tlie margin of the trapezium to the metacar])al bone of the thumb. 
The fifth, between the adjacent margins of the cuneiform and pisiform 
bones. Occasionally the carpo-metacarpal joints have a separate synovial 
niembrane (see jiage 419). 

Movements. —I’he movements permitted in the carpo-metacarpal articulations 
ot the fingers are limited to slight gliding of the articular surfaces upon each 
other, the extent of which varies in the different joints. Thus the articulation 
of the metacarpal bone of the little finger is most movable, then that of the 
ring-finger; the metacarpal bones of the index and middle fingers are almost 
immovable. 
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Fi(i. 461.—lateral view of ractacarpo 
phalangeal and intorphalangeal joints. 


Metacarpnl 
hour 


Latrrril 
llgii niriil 


IX. TNTEKMETACARPAL ARTICULATIONS (AHTICULATIONES INTEBMETACARPB^d 

The carpal extremities of the four inner metacarpal bones articulate with 
one anotlier by small surfaces covered witli cartilage, and connected together 
by dorsal, ptilmar, and interosseous ligamcmts. 

I’he Dorsal and Palmar Ligaments pass transversely from one bone to 
anotlier on the dorsal and palmar surfaces. The Interosseous Ligaments 
pass between their contiguous surfaces, just beneath their lakwal articular 
facets. 

The Synovial Membrane between the lateral facets is a reflection from 
that between the two rorvs of carpal bones. 

The Transverse Metacarpal Ligament (flg. 460) is a narrow fibrous band, 

n'hieh passes transversely across the 
anterior surfaces of the digital extremities 
of the four inner metacarpal bones, con¬ 
necting them together. It is blended 
anteriorly with the anterior (glenoid) 
ligaments of the inetacarpo-phalangeal 
articulations. To its posterior border is 
connected the fascia whicJi covers the 
Interosseous muscles. Its anterior surface 
is concave where the Flexor tendons pass 
over it. Behind it the tendons of the 
Tnterossci pass to their insertions. 

X. METAC,4KPO PlIALANOEAL .AKTlCUliA 
TIONK (AnTlCUl-ATIONES MKTACAHPO- 
PHALANCiEA'.) (figs,. 4(10, 4(il) 

These articulations arc of the con¬ 
dyloid kind, formed by the reception of 
the rounded heads of the metacarpal bones 
into .shallow cavities in the extremities of 
the first phalanges, with the exception 4)f 
that of the thumb, which picscnls more' 
of the characters of a ginglymoid joint. 
The ligaments arc— 

Anterior and Two Lateral. 

The Anterior Ligaments {(Jlnund 
Ligaments of tVuveilhier) arc; t hick, dense, 
fibro-cartilaginous st ructures, placed upon 
the palmar surfaces of the joints in the 
intervals between the lateral ligaments, 
to which they are connected ; they are 
loosely united to the metacarpal bones, 
but are very firmly attached to the bases 
of th(i first phalanges. Their palmar 
surfaces arc intimately blended with th<* 
transverse metaear[»al ligament, and jiresent grooves for the pas.sage of the 
.l*%xor tendons, the sheaths surrounding which aro connected to the sides 
of the groo\es. By their deep surfaces, they form part of the articular 
f.acets for the lieads of the metacarpal bones, and are lined by synovial 
membrane.s. 

The Lateral Ligaments (ligg. eollateralia) are strong, rounded cords, 
placed on the. sides of the joints ; eac-h is attached by one extremity to 
the posterior tubercle and adjacent dejiression on the side of the head of 
the metacarpal bone, and by the other to the contiguous extremity of the 
phalanx. 

Movements. —The movements which o(;cur in these joints are flexion, exten¬ 
sion, adduction, abduction, and circumduction ; the movements of abduction 
and adduction are very limited, and cannot be performed when the fingers are 
flexed. 


!4)y7 jihuldUr 
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XI. INTlfiRPHALANGEAL ARTICULATIONS (ARTICULATION ES DIGITORUM 

MANUS) 

These arc hinge Joints. The ligaments are : 

Anterior. Two Lateral. 

The arrangement of these ligaments is similar to those in the metacarpo¬ 
phalangeal articulations. The Extensor tendon supplies the place of a posterior 
ligament. 

Movements. —The only movements permitted in the phalangeal joints are flexion 
and extension ; these movements are more extensive between the first and second 
phalanges than between the second and third. The amount of flexion is very 
considerable, but extension is limited by the anterior and lateral ligaments. 

Muscles Acting on the Joints of the Digits 

Flexion of the metacurpo-phalangeal joints of the fingers is effected by the 
Flexores sublimis et profundus digitorum, Lumbricales, and Intorossei, assisted 
in the case of the little linger by the Flexcir brevis minimi digiti. Extension of 
these joints is produced by the Extensor communis digitorum. Extensor indicia 
and Extensor minimi digiti. 

Flexion of the interphalangeul joints of the fingers is accomplished bv the 
Flexor profundus digitorum acting on the first and second joints and by the Flexor 
sublimis digitorum acting on the first joints. Extension is effected mainly by the 
Lumbricales and Interossei, the long Extensors having little or no action upon 
these joints. 

hlexion of the metacarpo-phalangcal joint of the thumb is effected by the 
Flexores lorigus et brevis pollicis: extension by the Extensores longus et brevis 
pollicis. F'lexion of the interphalaiigeal joint is accomjtlished by the Flexor longus 
pollicis and extension by the Extensor longus pollicis. 

Surface Form.— l'lw prominences of the knuckles do not correspond to the position of 
the joints either of the metaearpo-plnUangoal or intori>halatigeal articulations. These 
prominences are invariably formed by the distal ends of the proximal bone of each joint, 
and the line indicating the position of the joint must be sought considerably in front of 
the middle of the knuckle. 


ARTICULATIONS OF THE LOWER EXTREMITY 


The articulations of the Lower Ext remity comprise the following; 


I. Hip. 

IT. Knee. 

HI. Tibio-fibular. 
IV. Ankle. 


V. Inlertarsal. 

VI. Tarso-metatarsal. 

Vll. Intormelatarsal. 

Vlll. Miitatarso-phalangeal. 

IX. Interphalangeal. 


I. HIP.JOINT (ARTICIILATIO COX.li) 

1 his articulation is an onarthrodial, or ball-and-socket joint, formed by 
the reception of the head of tlie femur into the cup-shaped cavity of the 
acetabulum. T’he articular cartUago on the head of the femur, thicker at 
the centre than at the circumference, covers the entires surface with the 
exception of the depression just below its centre for the ligamentum teres ; 
that covering the acetabulum is much thinner at the centre than at the 
circumference, and forms an incomplete cartilaginous ring, of a horse-shoe 
sliape, being deficient below, where there is a circular depression, occupied 
in the recent state by a mass of fat, covered by synovial membrane. The 
ligaments of the joint are: 

Capsular. Teres, 

llio-fcmoral. Cotyloid. 

Transverse. 

ihe Capsular Lig^ament (capsula articularis), strong and dense, embraces 
he margin of the acetabulum above, and surrounds the neck of the femur 
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below. Its upper circumference is attached to the rim of the acetabulum, 
two or throe lines external to the cotyloid ligament, above and behind ; but in 
front, it is attached to the outer margin of the ligament, and, opposite to the 
notch where the margin of the cavity is deficient, it is connected to the trans- 
v'erse ligament, and by a few fibies to the edge of the obturator foramen. Its 
hnver circumference surrounds the neck of the femur, being attached, in front, 
to the spiral or anterioi'intertrochanteric line ; above, tc^ the base of the neck ; 
behind, to the neck, about half an inch abo\ e the posterior intertroch.anteric 
line; below, to the lowei' part of the n<H-k, close to the lesser trochanter. From 
this insertion some of the fibres are rcH<(c<ed upwards along the neck as longi¬ 
tudinal bands, termed reiinacuhi. The capsule is much thicker at the upper 
and fore part of the joint, where the greatest amount of resistance is required, 
than below' and internally, where it' is thin, loose, and longer than in any other 
part. It consists of two sets of fibres, circular and longitudinal. The circular 


Kio. 462.—Right hip-joint from the front. (Spalteholz.) 



fibres nrhirularis) ai'e most abundant at the lower and back part of the 

capsule, and form a sling or collar around the nccik of tin* hnnur. AnUwiorly 
they blend with the deep surface of the ilio-fomoral ligament, and through its 
medium reach the anterior inferior spine of the ilium. 'I’lie longitudinal fibres 
aie greatest in amount at tlu! u|>|)cr and front part of the ca))sule, wdiere they 
are remfoiced by distinct bamls, or acee.ssory ligaments, of which the most 
important is the iho-feniural (lig. iliofemorale). The otlur accessory bands are 
know'n as the puho femurul (lig. pubocapsulare), fiassing from the ilio-pectineal 
eminence and obturator crest to the front' of t'h(*. capsule, where some, of its 
fibres blend with the lower segment of the ilio-femoral ligament; and the iscfhio- 
Cftpmlar (lig. ischiocapsulare), passing from the. ischium, just below' the aceta¬ 
bulum, to blend wiUi the circular fibres at the lower part of the joint. The 
external surface (fig. 442, page .393) is rough, covered by numerous muscles, 
and separated in front from the Psoas and Iliacus by a synovial bursa, which 
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not infrequently communicates by a circular aperture with the cavity of the 
joint. It difiei’8 from the capsular ligament of the shoulder in being much less 
loose and lax, and in not being perforated for the passage of a tendon. 

The Ilio-femoral Ligament (figs. 462 and 467) is a band of great strength 
which lies in front of the joint; it is intirnatelj' connected with the capsular 
ligament, and serves to strengthen it in this situation. It. is attached, above, 
to the lower part of the anterior inferior spine of the ilium ; and, dividing 
below, forms two bands, of which one passes downwards to bo inserted into 
the lower part of the anterior intertrochanteric line; the other passes down¬ 
wards and outwards to be inserted into the upper part of the same line. 
Between the twn bands is a thinner part of the capsule. In some joints there 
is no division, and tlic ligament spreads out into a flat triangular baud which 
is attached below into the wdiole lengtli of the anterior intertrochanteric line. 
This ligament is frequently called the Y-shaped ligament of Bigelow ; and 
the outer or upper of the tw'O bands is sornetinu's described as a separate 
ligament, under the name of the Uio-trochanterie ligament. 


Fig. 4C3.—Left hip-ioint laid open. 



The Ligamentum Teres (lig. teres fejnoris) is a triangular, somewhat 
flattened band implanted by its apex into the de])ression a little behind and 
below the centre of the head of the femur ; its base is attached by three bands, 
one into either side of the cotyloid notch, wliere they blend witli the transverse 
ligament, and the third into the surface of the bone outside the nok’h. It 
is formed of conneedive tissue, surrounded by a tubular sheath of synovial 
membrane. Occasionally only the synovial fold exists, or the ligament may 
be altogether absent. The ligament is nnide tense wdien the hip is semiflexed, 
and the limb then adducted or rotated outwaixls ; it is, on the other hand, 
relaxed when the limb is abducted. It has, however, but little influence as a 
ligament, though it inay to a certain extent limit movement. 

The Cotyloid Ligament (labrum glcnoidale) is a fibro-cartilaginous rim 
attached to the margin of the acetabulum, the cavity of which it deepens ; 
at the same time it protects the edge of the bone, and fills up the inequalities 
on its surface. It bridges over the notch as the transverse hgament, and thus 
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forms a complete circle, which closely -surrounds the head of the femur and 
assists in holding it in its place. It is triangular on section, its base being 
attached to the margin of the acetabulum, and its opposite edge being free and 
sharp. Its two surfaces are invested by synovial membrane, the external oms 
being in contact Avith the capsular ligament, the internal one being inclined 
inAvards so as to narrow the acetabulum, and embrace the cartilaginous 
surface of the head of the femur. It is much thicker above and behind than 
beloAV and in front, and consists of close compact fibres, which arise from 
different points of the circumference of the acetabulum, and interlace with 
each other at very a(uite angles. 

The Transverse Lig^ament (lig. transvorsum ac(itabuli) is in reality a 
portion of the cotyloid ligament, though differing fiom it in having no cartilage 
cells among its fibres. It consists of strong, flattened fibres, which cross the 
notch at the loAA'er jjart of the acetabulum, and convert it into a foramen. 
Thus an interval is left beneath the ligament for the passage of nutrient 
vessels to the joint. 

The Synovial Membrane is very extensive. Commencing at the margin 
of the cartilaginous surface of the head of the femur, it covers all that portion 

of the neck Avhich is con- 

Ftg, 464. —Vertical section through hip-joint. tabled within tlm joint; from 
(Henlc.) the neck it is reflected on the 

internal surface of the cap¬ 
sular ligament, covers both 
surfaces of the cotyloid liga¬ 
ment and the mass of fat con¬ 
tained in the depression at the 
bottom of the acetabulum, 
and is prolonged in the form 
of a tubular sheath around 
the ligamentum teres .as far 
as the head of the femur. 
It sonmtimes communicates 
through a hole in the capsular 
ligament between the imier 
band of the Y-shaped liga¬ 
ment and the jiubo-fcmoral 
Ltii. tc ligament with a bursa sit uaUtd 

on the under surface of the 
Ilio-psoas. 

1’lie MuHclen in relation with 
the joint are, in front, the Psoas 
and IliacUH, separated from the 
capsular ligament by a synovial 
liursa : above, the reflected 
Oblumtor memhratu head of thc Rectus and Gluteus 

mininius, thc latter being closely 
adherent to the capsule; internally, the Obturator exteruus and Pectineus ; 
behind, the Pyriformis, (Tomellus superior. Obturator internus. Gemellus inferior, 
Obturator externus, and Quadratus femoris (lig. 465). 

The Arteries supplying the joint are deria'ed from thc obturator, sciatic, internal 
circumflex, and gluteal. 

The Serves are articular branches from thc sacral plexus, great sciatic, 
obturator, accessory obturator, and a filament from the branch of the anterior 
crural supplying the Rectus. 

Movements.-- The movamients of the hip are very extensive, and consist of 
flexion, extension, adduction, abduction, circumduction, and rotation. 

The length of the neck of the femur and its inclinations to the shaft have the 
effect of convertbig the angular movemouts of flexion, extension, adduction, and 
abduction partially into rotatory movements in the joint. Thus when the thigh 
is flexed oi extended, the head of the femur, on account of the inward incHnation 
of the neck, rotates Avithin the acetabulum with only a slight amount of gliding 
to and fro. The forward slope of the neck similarly affects the movements of adduc¬ 
tion and abduction. Conversely rotation of the thigh which is permitted by the 
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upward incliuation of the neck, is not a simple rotation of the head of the femur 
in the acetabulum, but is accompanied by a certain amount of gliding. 

The hip-joint presents a very striking contrast to the shoulder-joint in the 
much more complete mechanical arrangements for its security and for the limita¬ 
tion of its movements. In the shoulder, as has been seen, the head of the humerus 
is not adapted at all in size to the glenoid cavity, and is hardly restrained in any 
of its ordinary movements by the capsular ligament. In the hip-joint, on the 
contrary, the head of the femur is closely fitted to the acetabulum for a distance 
extending over nearly half a sphere, and at the margin of the bony cup it is still 
more closely embraced by the cotyloid ligament, so that the head of the femur 
is held in its place by that ligament even when the fibres of the capsule have been 
quite divided (Humphry). The ilio-fernoral ligament is the strongest of all the 
Ugaraents in the body, and is put on the stretch by any attempt to extend the 
femur beyond a straight line with the trunk. That is to say, this ligament is the. 
chief agent in maintaining the erect position without muscular fatigue; for a 


Fig. 465.—Relation of muscles to the capsule of the hip-joint. 
(From a drawing l)y F. A. Barton.) 



vertical line passing tlirough the centre of gravity of the trunk falls behind the 
centres t)f rotation in th(f hip-joint.s, and theref(»re the pelvis tends to fall back¬ 
wards, but is ])revcnted by the tension of the ilio-femoral and capsular ligaments. 
The scuiurity ol the joint may be also provided for by the two bones being directly 
united through the ligamentuin tcu'cs ; but it is doubtful whether this so-called 
ligament can have much influence upon the mechanism of the joint. Flexion of 
the hip-joint is arrested by the soft parts of the thigh and abdomen being brought 
into contact, when the leg is flexed on the thigh, ajul by the action of the ham¬ 
string muscles when the leg is extended; extension by the tension of the ilio¬ 
femoral ligament; adduction by the thighs coming into contact j adduction with 
flexion by the outer band of the ilio-femoral ligament and the outer part of the 
capsular ligament; abduction by the inner baud of the ilio-femoral ligament 
and the pubo-femoral band; rotation outwards by the outer band of the ilio- 
femoral ligament; and rotation inwards by the ischio-capsular ligament and 
the hint^r part of the capsule. The muscles which flex the femur on the pelvis 
are the Psoas, Iliacus, Rectus, yartorius, Pectineus, Adductores longus et brevis, 
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and the anterior fibres of the Glutei medius and iniuimiis. Extension is mainly 
performed by the Gluteus maxiraus, assisted by the hamstring muscles and the 
ischial head of the Adductor magnus. The thigh is adducted by the Adductors 
magnus, longus and brevis, the Pcctineus, the Gracilis, and lower part of the Gluteus 
maximus, and ahduclrd by the Gluteus medius and Gluteus minimus, and (he upjier 

S art of the Gluteus maxiinus. The muscles which rotate the thigh inwards are the 
lutous minimus and the anterior fibres of the Gluteus medius, the Tensor fasciffi 
femoris and the TIio-psoas ; while those- which rotati*. it outwards arc the posterior 
fibres of the Gluteus medius, the Pyriforinis, Obturators externus and internus, 
Gemelli supcfrior and inferior, Quadratus femoris, Gluteus maximus, the three 
Adductors, the Pcctineus, and the Sartorius. 

Hur/arf Form .—A line drawn from tiic anterior superior spine of the ilium to tlie 
most prominent part of the tuberosity of the isuliium (Nolaton’s line) (fig. 4(i6) runs through 
the centre of the acetabulum, and would, therefore, indicate the level of the hip-joint; in 
other words, the upper border of the great trochanter, which touches Nelaton's line, is 
on a level with the centre of the hip-joint. 

Krcj. 400.—Nelaton's line and Uryant’s triangle. 



Apfih’ed Anat'oiiy .—In dislocation of the hip, ‘ the head of the thigh-bone may rest at 
any point around its socket ’ (Bryant) ; but whatever position the head ultimately assumes, 
the jirimarj' displacement is generally downwards and inwards, the ca[)Hule giving way at 
its weakest—that is, its lower and inner—])art. 'I’he situation that the head of the Iwnc 
subse(picntly assumes is determined by the de,gi-ee of flexion or extension, and of outward 
or inward rotation of the thigh at the moment of luxation, influenced, no doubt, by the 
ilio-femoral ligament, which is not easily ruptured. When, lor instance, the head i.s forced 
backwards, tliia ligament forms a fixed axis, round which the head of the bone rotates, and 
is thus driven on to the dorsum of the ilium. The ilio-femoral ligament also influences 
the position of the thigh in the various dislocations: in the dislocations bnckw'ards it is 
tense, and pnalutsi.s inversion of the limb ; in tlie dislocation on to the pubes, it is relaxed, 
and therefore .allows- the external rotators to evert the thigh ; while in the thyroid disloca¬ 
tion it is tc'nsc', and produces flexion. The muB<!les inserted into the upper part of the 
femur, with the exec|)tion of the Obturator internus, have very little direct influence in 
determining the position i>f the bone. Bigelow, however, has endeavoured to show that 
the Obturator internus is the principid agent in deciding whether, in the liackward 
dislocations, the head of the Imne shall be idtimatcly lodged on the dorsum of the ilium, 
or in or near the sciatic notch ; in both dislocations the head passes, in the first instance, 
in the same direction ; but, as Bigelow' asserts, in the displacement on to the dorsum the 
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head of the bone travels up boliind the acetalmlum, in front of the muscle ; while in the 
dislocation into the sciatic notch the head passes behind the muscle, and is prevented 
from reaching the dorsum, in consequence of the tendon of the muscle arching over the 
neck of the bone, and it therefore remains in the neighbourhood of the sciatic notch. 
Bigelow distinguishes these two forms of dislocation by describing them as dislocations 
backwards. ‘ above and below ’ the Obturator internus. _ . ■ i 

The ilio-fcmoral ligament is rarely torn in dislocations of the hip, and this fact is taken 
advantage of by the surgeon in reducing these dislocations by manipulation. Tt is mode 
to act us the fulcrum to a lever, of which the long arm is the sliaft of the femui', and the 
short arm the nc<^k of the boms. 

The hip-joint is rarely the seat of acute synovitis from injury, on account of its deep 
position and its thick covering of soft parts. Acute inflammation may, and does, frequently 
0 C(!ur as the result of constitutional conditions, as rheumatism, pyicmia, &c. When, in 
these cases, cllusion takes place, and the joint becomes distended with fluid, the swelling 
is not very easy to detect on acicount of the thickness of the capsule and the depth of the 
articulation. It is principally to bo found on the front of the joint, just internal to the 
ilio-femoral ligament ; or behind, at the lower and back part. In these two places the 
capsul(‘ is thinner than elsewhere. Disease of the hip-joint is much oftenor of a chronic 
chanicter, and is usually of tuben-ulous 

origin. It licgins cither in the bones or in , . . -i. 

the synovial membrane; usually in the Tia. 467.—Hip-joint, showing the ilio- 
former, and probably, in most cases, in femoral ligament. (After Bigelow.) 
the growing, highly vascular tissue in the 
neighbourhood of the epiphysial curtilage. 

In this respect it differs very materially 
from tuberculous arthritis ot the kne.e, 
where the disease usually commences in the 
synovial membrane. 

In chronic hip-disease the affected limb 
assumes an altered position, the cause of 
which it is important to undei-stand. In 
the t'arly stage of a typical case, the limb is 
flexed, alxluctcd, and rotated outwards. In 
this position all tlic ligaments of I ho joint arc 
relaxed: the front of the cajisiilc by flexion ; 
the outer band of the ilio-fcmoral ligament 
by abduction ; and the inner band of this 
ligament and the back (>f the capsule by 
rotation outwards. It is, therefore, the 
position of greatest ease. The condition is 
not qiiitti obvious at limt, upon examining 
a patient. If the patient is laid in the 
sujiinc fxtsition, the affecti'd limb will be 
found to Ihj extended and jiarallel with the 
other. But it will be seen that the i>elvis 
is tilted downwards on the diseased side 
and the limb apparimtly longer than its 
fellow, and that the lumbar spine is 
arched forwards (lordosis) The condition 
is thus explained: a limb which is flexi-d 
and abducted is obviously useless for 
progression, and in order to overcome the 
difficulty the patient dcjiresscs the affoctisl 
side of his pelvis, thus producing parallelism of his limbs, and at the same time 
rotates his jiolviB on its transverse horizontal axis, so as to direct the limb downwards, 
instead of forw'urds. In the later stages of the disease the limb becomes flexed and 
addui'tod and inverted. This position probably deiicnds upon muscular action, at all 
events as regards the adduction. The Adductor muscles are supplied by the obturator 
nerve, which also largely supplies the joint. 'I’liese muscles are therefore thrown into 
reflex action by the irritation of the peripheral terminations of this nerve in the 
inflamed articulation. 

Ostoo-arthritis is not uncommon in the hip-joint, and is said to bo moro common in the 
male than in the female, in whom the knee-joint is more frequently affected. It is a disease 
of middle ago or advanced life. When much deformity is assoi-iated with ehronic osteo¬ 
arthritis the condition is spoken of as Arthritis deformans of the hip, or Morhis co.rer senilis. 
The hernl of the femur is worn away, and after it often the neck too, until the irregular 
articular surface comes to lie on the femur between the two trochanters. New formation 
of bone occurs at its edges, and also at tlie edges of the acetabulum, which is widened aiul 
eroded by a similar chronic jirocoss. Pain in the joint, shortening of the limb, and great 
limitation of movement result, with much creaking and grating when the joint is moved. 
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Congenital dislocation is more commonly met with in the hip-joint than in any other 
articulation. The diaplacemont usually takes place on to the dorsum ilii. It gives rise 
to extreme lordosis; and a waddling gait is noticed as soon as the child commences to walk. 

Excision of the hip may bo required for disease or for injury, especially gunshot. It 
may bo performed either by an anterior incision or by a posterior one. The former 
entails loss interference with important structures, especially muscles, than the latter, 
but permits of less cflicient drainage. Tn these days, however, when the surgeon aims 
at securing healing of the wound without suppuration, this second desideratum is not 
of so much importance. In the operation from the front, an incision is made three to 
four inches in length, starting immediately below and external to the anterior superior 
spinous |>rucess of the ilium, downwards and inwards Iwtween the Sartorius and Tensor 
faseijr femoris, to the nock of the bone, dividing the capsule at its upper part. A narrow- 
bladcd saw now divides the neck of the femur, and the head of the bone is extracted with 
sequestrum forceps. All diseased tissue is carefully removed with a sharp spoon or scissors, 
and the cavity thoroughly flushed out with a hot antiseptic or sterile fluid. 

Tlie jwsterior methc^ consists in making an imiision three or four inches long, 
commencing midway between the top of the great trochante.r and the crest of the ilium, 
and extenditig down the posterior border of the trotihantcr. Tbo muscles are detached 
from the great trochanter, and the capsule opened freelj'. The head and nepk are freed 
from the soft parts and the bone sawn through just below the top of the trochanter with 
a narrow saAV. The head of the bone is then levered out of the acetabulum. In both 
operutioiui, if the acetabulum is eroded, it must be freely gouged. 


II. KNPIE-JOIXT (ARTICULATIO OENU) 

The knee-joint was formerly described as a ginglymus or hinge-joint, but 
is really of a much more complicated character. It must be regarded as 
consisting of three articulations in one : two (iondyloid joints, one between each 
condyle of tho femur and tlic corresponding semilunar cartilage and tuberosity 
of the tibia, and a third bc-tween the iiatella and the femur, partly arthrodial, 
but not completely so, since tho articular surfaces are not mutually adapted 
to each other, so that tJic movement is not a simple gliding one. This view 
of the construction of the knee-joint receives confirmation from the study 
of the articulation in some of tlie lower mammals, wlierc, corresponding to 
these thn^e subdivisions, three synovial membranes are sometimes found, 
either entirely distinct or only connected together by small communications. 
This view is further rendered probable by the existence within the joint of 
the two crucial ligaments, which must be regarded as the external and internal 
lateral ligaments of tlie inner and outer joints respectively. The existence of 
the ligamentum mui'osum would further indicate a tcmlcncy to separation 
of the synovial cavity into two minor sacs, one eoiresponding to each lateral 
joint. 

Tlie bones entering into the formation of the knee-joint are the condyles 
of the femur above, the liead of the tibia, below, and the patella in front. They 
are connected together by ligaments, some of which are placed on the exterior 
of the joint, while others occupy its interior. 


Exterior LigametUs 


Interior LigameMs 


Capsular. 

Anterior, or Ligamentum 
PatelJai. 

Posterior, or Ligamentum 
Posticum Winslowii. 
Internal Lateral. 

External Lateral. 


Anterior or External Crucial. 

Posterior or Internal Crucial. 

'I’tto Semilunar Fibro-eartilages. 

Transverse. 

Coronary. 

Tjigamentum mucosum | Processes of Syn- 
Liganienta alaria ) ovial membrane. 


The Capsular Lig^ament (capsula articularis) consists of a thin, but 
strong, fibrous membrane which is strengthened in almost its entire extent 
by bands inseparably connected wit,h it. Above and in front, beneath the 
tendop of the Quadriceps extensor muscle, it is so thin that it is usually 
described as defective. Its chief strengthening bands are derived from the 
fascia lata and from the tendons surrounding the joint. In front, expansions 
from the Vasti and from the fascia lata and its ilio-tibial band fill in the inter¬ 
vals between the anterior and lateral ligaments, constituting the lateral pateliar 
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ligaments. Behind, the capsular ligament consists of vertical fibres whi6h 
arise from the condyles and intercondyloid notch of the femur, and are 
augmented by fibres derived from the tendon of the Setnimembranosus, 
to form the posterior ligament. On the outer side of the joint, a prolongation 
from the ilio-tibial band fills in the interval between the posterior and the 
external lateral ligaments, and partly covers the latter. On the inner side, 
expansions from the Sartorius and Semimembranosus pass upw'ards to the 
internal lateral ligament and strengthen the capsule. 

The Anterior Ligament, or Ligamentum Patellx (fig. 468), is the central 
portion of the common tendon of the Extensor muscles of tlio tliigli, which 
is continued from the patella to the tubercle of the tibia, supplying the ])lace 
of an anterior ligament.. It is a strong, flat, ligamentous band, about three 
inches in length, attached, above, to the apex and adjoining margins of the 
patella and the rough depression on its posteiior sui-f ace ; below, to the tubercle 
of the tibia; its superficial fibres arc 
continuous over the front of the ]>al.(Jla 
with those of the tendon of the Quadri¬ 
ceps extensor. I’he lateral portions of tlie 
tendon of the Extensor muscles pass dow.i 
on either side of t he patella , to be insert ed 
into the upper extremity of the tibia on 
either side of the tubcrcic; these jjoitimis 
raei'ge into the capsular ligament., as 
stat^ above, forming the lateral j)atellar 
ligaments. The ])osterior surface of the 
ligamentum patelhe is separated from the 
synovial membrane of the joint by a large 
pad [infrapatdlar) of fat, and from the 
tibia by a synovial bursa. 

The Posterior Ligament (lig. posti- 
cum Winslowii) (fig. 469) is a broad, flat, 
fibrous band, formed of fasciculi sepa¬ 
rated from one another by apertures for 
the passage of vessels and nerves. It is 
attached above to the upper margin of 
the intercondyloid notch and posterior 
surface of tin? femur close to the articular 
margins of the condyles, and below t<j tlu' 
posterior margin of the head of the tibia. 

Suj)erfici}il to the main pait of the liga¬ 
ment is a strong fasciculus, <lerivcd from 
the tendon of the Semimembranosus and 
passing from the bacik })nrt of the inner 
tubf^rosity of the tibia obliquely uj)wards 
and outwards to tin* back part of the 
outer condyle of the femur, where it 
becomes lost in the general ligament.* 

The posterior ligament forms part of the 
floor of the popliteal spaec, and the 
popliteal artery rests upon it. 

•The Internal Lateral Ligament (lig collateiale tibiale) is a broad, 
fla,t, membranous band, situated nearer to the back than to the front of the 
joint. It is attsKihed, above, to the inner tuberosity of the femur immediately 
below the Adductor tubenile ; below, to the inner tuberosity and inner surface 
of the shaft of the tibia. The fibres of the posterior part of the ligament 
are short, and arc inserted into the inner part of the tuberosity of the tibia 
above the groove for the Semimembranosus muscle. Thej’^ incline bat^k- 
W'ards as they descend. The anterior part of the ligament is a flattened 
band, about four inches in length, which inclines fonvards as it descends. 
It is inserted into the inner surface of the shaft of the tibia about an inch 

* This oblique l>and is lsomct>iine.s termed the ligamentum posticuiii Winslowii, in coiilra- 
distinction to the posterior ligament, which is then regarded as part of the capsular ligament. 
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and a half below the level of the tuberosity. It is crossed, at its lower part* 
by the tendons of the Sartorius, Gracilis, and Semitendiaosus muscles, a 
synovial bursa being interposed. Its deep surface covers the anterior portion 
of the tendon of the Semimembranosus, with Avhich it is connected by a few 
fibres, and the inferior internal articular vessels and nerve; it is intimately 
adherent to the internal semilunar fibro-cartilage. ‘ • 

The External Lateral Ligament (lig. collaterale fibulare) is a strong, 
rounded, fibrous cord, attached, above, to the back part of the outer tuberosity 
of the femur, immediately above the groove for the Popliteus muscle ; below, 
to the outer side of the head of the fibula, in front of the styloid process. Its 
outer surface is covered by the tendon of the Biceps, which divides at its 
insertion into two parts, separated by the ligament. Passing beneath the’ 
ligament are the tendon of the Popliteus muscle, and the inferior external 
articular vessels and nerve. It has no attachment to the external semilunar 
fibro-cartilage. 


Ft(j. 460.— Right knee-joint. 
Posterior view. 


Fro. 470.—Right knee-joint. Showing 
interior ligaments. 



The Short External Lateral ligament is an inconstant bundle of fibres placed beliind 
and parallel with the preceding, attached, above, to the lower and back part of the outer 
tuberosity of the femur; below, to the summit of the styloid process of the fibula. This 
ligament is intimately conneeted with the capsular ligament, while passing beneath it 
are the tendon of the Popliteus muscle, and the inferior external articular vessels and 
nerve. 

The Crucial Ligaments (ligg. ci-uciata genu) are of considerable 
strength, situated in the interior of the joinl., nearer its posterior than its 
anterior part. They are called crucial bticause they cross each other somewhat 
like the lines of the letter X ; and liave received the names anterior and 
posterior, frf)ra the position of their attachnieiits to the tibia. 

The Anterior or External Crucial Ligament (lig. crut;iatum anterius) 
(figs. 470, 471) is attached to the depression m front of the .spine of the tibia, 
being blended with the anterior extremity of tlie external semilunar fibro- 
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cartilajs^ ; it passes obliquely upwards, backwards, and outwards, and is fixed 
into, the'inner and back part of the outer condyle of the femur. 

The Posterior or Internal Crucial Ligament (lig. cruciatum posterius) 
(figs. 471. 472) is stronger, but shorter and less oblique in its direction, than 


Fm. 471.—Head of tibia, with seinilunar fibro-cartilages. 
Seen from above. Right side. 



the anterior. It is attacluMl to tlie back part of tlio depression behind the 
spiiK! of the til)ia, to the ])opliteal notch, and to tlic. jiosterior (;xtreniity of tlin 
external semilunar fibro-eartilage ; and passes upwards, forwards, and inwai’ds, 



to be fixed into the outer and fore part of the iimer condyle of the femur. It 
is in relation, in front, with the anterior crucial ligament; behind, with the 
capsular ligament. 


F F 
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The Semilunar Fibro-cartilages (fig. 471) are two crescentic lamellae, 
which serve to deepen the surfaces of the head of the tibia for articulation 
with the condyles of the femur. The ijeripheral border of each cartilage 
is thick, convex, and attached to the inside of the capsule of the knee ; the 
opposite border is thin, eonc-ave, and free. Their upper surfaces are concave, 
and in relation with the condyles of the femur ; their lower surfaces are flat, 
and rest upon the head of tlw! tibia; both surffices of the cartilagos are smooth, 
and invested by synovial membrane. Each cartilage covers nearly two-thirds 
of the periphery of the corresponding articular surface of the tibia. 

The Internal Semilunar Fibro-cartilage (meniscus medialis) is nearly 
semicircular in form, a little (dongated from before backwards, and broader 
behind than in front; its anterior extremity, thin .and pointed, is attached 
to a depression on the anterior margin of the head of the tibia, in front 
of the anterior crucial ligament; its posterior ('xtremity is fixed to the 
depression btdiind the spine, between the aftnchmenls of flu; external .senii- 
luii.ar fibro-cartilage and the posterior crucial ligament. 

Tlie External Semilunar Fibro-cartilage (meniscus lateralis) forms 
nearly an etd.ire circle, covering a larger portion of the articular surface than 
the internal one. It is groo\'cd on its outf;r side for the tendon of the Popliteus 
muscle, which scjiar.ites it from the external lateral ligament. Its cxtrcimities, 
at their insertion, are interposed between the two extremities of tiie internal 
scmilun.'ir fibro-«.‘artilage ; l lie anterior is attached in front of the spine of 
the tibia to the outer side, of. and behind, the .nnto'ior (sruci.al ligament, with 
which it blends; the jmsterior is attached behind the spine of the tibia and 
in fro7it of the posteiior extremity of the internal semilunar fibro-cartilage. 
The anterior attachment of the (fxternal S(imUunar cartilage is twisted on 
itself 80 that its fr<*e m.argin looks backwards and upwards, its jiuterior (uid 
resting on a sloping shelf (»f boiu; on the front of the external tubercle of 
the libial spine. (Hose to its posterior attachment it gives off a strong 
fiisciculus, the liriarnrnt of Wrishcr;;, which passes obliquely iipw-irds and 
iuM'ards, to be inserted into the inni-r condyle of the femur, immediately behind 
the attachment of the posterior crin-ial liganumt. Occ.asiona]ly a small fasci¬ 
culus is given off which p<asses forwai’ds to be inserU'd into the back |iart 
of the anterior crucial ligament. The external semilunar fibro-cartilagc; 
gives off from its anterior convex margin a fasciculus which forms the 
t ra ns verse ligami'iit. 

The Transverse Ligament (lig. trajisversum genu) is a band of fibres 
which passes transversely from the .anterior convex margin of the external 
semilunar fibro-cartilage to tlic anterior convex margin of the internal semilun.ar 
fibro-cartilage ; its tiu(!kness varies considerably in diffenint subjects, and 
it is sometimes ab.scmt. 

'I'lu; Coronary Ligaments (ligamenta coronaria) arc merely portions of 
the (sapsular ligament, which connect the periphery of each of the semilunar 
fihi’o-eartilages with the margin of the head of the tibia. 

The Synovial Membrane of the; knee-joint is the kargest and most exten* 
sive in the body. Corajiumcing at the upper border of the patella, it forms 
a short, cul-da-mc. beneath the Quadriceps extensor tendon, on the lower part 
of the front of the shaft of the fennir : this very frequently communicates 
with a svmovial bursa interposed between the tendon and the front of the 
fern HI', by an orifice of variable size. The pouch of synovial membrane 
between the lilxtcnsor tendon and front of the femur is supported, during 
the im>vemonts of the knee, by a small muscle, the Suberureus, which is 
inserted into it. On either side; of the patella, the synovial membrane extends 
beneath the apoiuuirosis of the Vastus, and more espec-ially beneath that of the 
Vastrrs internus. Below the ])atella it is separated from the anterior ligament 
by a <;onsidera hie quaittity of adi|)ose tissue, known as the infrapatellar pad. 
In this situation it sends into the interior of the joint a triangular prolonga¬ 
tion, which extends from the anterior part of the joint below the patella to the 
front of the intercondyloid notch. This fold has been termed .the iigamentum 
mucosum (plica synovialis patellaris). It also sends off tw'o fringe-like folds, 
called the ligamenta alaria (plica; alares) which extend from the sides of the 
bgamentum mucosum, upwards and laterally between the patella and femur. 
On either side of the jomt, it passes dovmwards from the femur, lining the 
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capsule to its point of attachment to the semilunar cartilages ; it may then be 
traced over the upper surfaces of these cartilages to their free borders, and thence 
along their under surfaces to the tibia. At the back part of the external 
one it forms a cul-de-sac between the groove on its surface and the t(mdon 
of the Poplitous ; it surrounds the crucial ligaments, and lines the inner surfaces 
of the ligaments which enclose the joint. 

Bursae. —The burste about the knee-joint arc the following : 

In front there are four bursae : one is interjwsed between the patella and 
the .skin ; another of .small size between the upper jiart of the tibia and the 
ligan>entum patcllie ; a third between the lower part of tlie tuberosity of 


Fig. 473.—Sagittal section of right knee-joint. 



the tibia and the .skin ; and a fourth between the anterior surface of the 
lower end of the femur and the under surface of the Quadriceps extensor 
cruris, usually communicating with the knee-joint. On the outer side there 
are four bursae : (1) one (which sometimes communicates with the joint) 
between the outer head of the Gastrocnemius and the capsule ; (2) one 
above the external lateral ligament, between it and the tendon of the Biceps; 

(3) one l^neath the external lateral ligament, between it and the tendon of 
the Popliteus (this is sometimes only an expansion from the next bursa) ; 

(4) one beneath the tendon of the Popliteus, between it and the condyle of 
the femur, which is almost always an extension from the synovial membrane. 

F F 2 
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On the inner side there are five bursae : (1) one between the inner licad of the 
(jrastrocncinius and the ea])sule; this sends a prolongation between the 
tendons of the Gastrocneriiius and Semimembranosus and often communi¬ 
cates Avith tlie joint; (2) one above ilie infernal lateral ligament bet\A’een it 
and the tendons of tlie Sartorius, Gnicilis, and Semitendinosus ; (3) one 
bcjieatli the internal lateral lifiainent, betAveen it and the tendon of the Semi- 
niembranosus (this is sometimes only an expansion from the next bursa) ; 
(4) one beneatli the tendon (jf the JSemimembi'anosus, bet\Aeen it and the head 
of the tibia ; (5) oeciasionally tliere is a bursa betAA cen the tendons of the Semi- 
mcjiibranosus and Seiuitcuidinosus. 

Structures around the Joint. — In front, and at the sides, is the Quadriceps 
extensor; on the outer side, the tendons of the Biceps and Popliteus and the 
external popliteal nerve ; on the imier side, the Sartorius, Gracilis, Sen)it(“ndinosus 
and Scinimeinbranosus; behind, an expansion from the tendon of the Semi¬ 
membranosus, the })opliteal \’esse.Is» and the internal poplit(“al ncr\m, Poiilitcus, 
Phintaris, and inner and outer heads of the Gastrocjiemius, some lymphatic glands, 
and fat. 

'J’he Arteries supplying the joint arc th(; anastoinotiea magna, a branch of 
the femorid, the articular branches of the ])op]iteal, the anterior and ])osterior 
recurrent brandies of the antciior tibial, and the descending branch from the 
external circumflex of the profunda. 

The Xrrt'cs are deriA'cd from the obturator, anterior crural, and exterjial and 
internal popliteal. 

Movements. —The movements Avhich take place at the knee-joint, arc flexion 
and extensioji, and, in certain jxisitions of the joint, internal and external rotation. 
The movements ol flexion and extension at this joint differ from those in a typical 
hinge-joint, .such as the elbow, in that (ff) the axis round Avhich motion takes 
jdace is not a fixed one, but shifts lorwards during extension and backAvards during 
flexion ; (/>) the commencement ot flexion and tin* end ol extemsion are accom¬ 
panied by rotatory movements associated with the fixation of the lindi in a jiosition 
of gr<;at stability. The movement from lull flexion to full exten.sion niav there- 
lore, be described in three phas<‘s. 

1. In the fully flexed condition the po.sterior jiarts of the femoral condyles 
rest on the corresponding portions <d the menisco-tiliial surfaces, and in this position 
a slight amount of simple rolling moA'cnient is alloAied. 

2. During the passage ol the limb from the flexed to tlie extinnh'd position 
a gliding moveimmt is superjiosed on the rolling, .so that the axis, A\hich at the 
COinmi'ncement i.s represented by a line through the inner and outer tulxMOsities 
ol tlie temur. gradually shifts forwards. Tn this ])art of the movement, the pos¬ 
terior two-thirds of the tibial articular surfaces of the two femoral condyles are 
involved, and as these have similar curvatures and are jiarallel to one another, 
they mov(> forwards eijually. 

3. The cxtenial condyle is brought alnio,st to rest by the tightening of the 
.•iiit(*rior ci’ucial ligament; it nioA cs, however, slightly foiwards and inw'ards, 
])iishing belore it the anterior part ol the e.xternal semilunar cartilage'. The tibial 
snrlace on the inteuial condyle is prolongi'd farther forwards than that oji the 
external, and this prolongation is directed outuaj'ds. When, theiefore, the move- 
JiK'jit forwards ol the <'ondyl(;s is checki'.d liy the anterior crucial ligament, cou- 
tinueil muscular action causes the interjial condyh', dragging AA'ith it the semilunar 
cartilage, to tnuel liackwards and inwards, thus pniducing an interjial rotation 
ol the thigh on the leg. When the position of fidl extension is reached the outer 
part ol I lie groove on the external condyle is pri'ssi'd against the anterior part 
of the co; respojidiiig .semilunar cartilage, Avhile the inner jiart of the grooA'c rests 
on the. articular margin iii front of the external tubercle ol the tibial spine. Into 
the groovi^ on the internal condyle, is fitted the anterior jiart of the internal semi¬ 
lunar cartilage, whih' the anterior crucial ligament and the articular margin in 
front of the inner tubeicle of the tibial .spine are received into the fore part of 
the intcrcoudyloid notch. This third phase by which all these parts are brought 
into accurate appo.sition is known as the ‘ .scr(!wi]ig home,’ or locking movcrneiit of 
the joint. 

The complete movement of flexion is the converse of that described .above, 
and is therefore preceded by an external rotation of the femur Avliicli unlocks the 
extended joijit. 
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The axes round which the movements of flexion and extension take place 
are not precisely at right angles to either bone; in flexion, the femur and tibia 
are in the same plane, but in extension the one bone forms an angle with the 
other. 

In addition to the rotatory movcmients associated with the completion of 
extension and the initiation of flexion, rotation inwards or outwards can be 
effected when the joint is partially flexed. These latter rotatory movements 
take place mainly between the tibia and the semilunar cartilages, and are freest 
when the leg is bent at right angles with tlui tliigh. 

Moveinctds of Paldla. —The articular surface of the f)atella is indistinctly divided 
into seven facets—upper, middle, and lower horizontal pairs, and an internal 
perpendicular facet (fig. 474). When the knee is forcibly flexed, the intenial 
per])endicular facet is in contact with the semilunar surface on the outer part 
of the internal eondylc ; this semilunar surface is a. prolongation backwards 
of the inner part of the trochlea. As the? leg is carried from the flexed to the 
extended position, first the uppermost pair, then the middle pair, and lastly 
the lowest pair of horizontal facets are successively brought into contact 
with fhe trochlear surface of the fennur. In the extemh'd fiosition, whoi the 
Quadriceps extensor is relaxed, the patella, lies loosely on the iront of the lower 
end of the feimir. 


During flexion, fhe liganientiiin patelhe is put upon the stretch, and in extreme 
flexion so also is the posterior crucial ligament; the lateral and posterior liga¬ 
ments, and, to a slight extent, the anterior crucial 

ligament, arc relaxed. Flexion is checked during „ r 

life bvthe contaet of the leg with the thigh. When 

the knee-joint is fully e.vtended the lateral and pos- • diagrammatically the 
tenor ligaments, the anterior crucial ligament, and of contact with the 

the inner jiart of the posterior enieial ligament, are femur in ditferent positions 

rendered tense ; in the act of extending tin* knee, of the knee, 

the ligameiiluiii patcllm is tightened by the Quad¬ 
riceps extemsor, but in full extension with the lieel 
supported it is relaxed. Rotation inwards is cheeked 
by the anterior crucial ligament; rotation outwards 
tends to uiieross and relax the crucial ligaments, 
but is checked by the internal lateral ligament. 

The main fmietion of the enieial ligaments is to act 
as a direct bond betwtam the tibia and femur and 
to jiHivent the foniior bone from lieiiig carried too 
far backwards or forwards. They also assist tin* 
lateral ligaimmts in resisting any lateral I'eiuling of 
the joint. Tlie. interartieular cartilages are in¬ 
tended, as it seems, to adajit the surface of the tibia to the shape of the femur 
lo a certain extent, so as to fill up tfu* intervals which would otherwise be left 
in the varying positions of the joint, and lo obviate the jars which would In^ 
so frequently transmitted up the limb iu jumping or by falls on tJie feet; also to 
permit of the two vaiiidies of motion, flexion and extension, and rotation, as 
expliiined above. Tlio patella is a great defence to the knee-joint from any injury 
inflicted in front, and it distributes upon a large and toh^rably even surface, during 
kneeling, the pressure which would otherwise tall upon the prominent ridges of 
the condyles ; it also allords leverage to the (iuadiie.eps exten.sor. 

Wlien standing erect in the attifmlo of ‘attention,’ the weight of the body 
falls ill front, of a line carried across the centres of the knee-joints, and therefore 



tends to produce over-ext<'nsioii of the articulations ; this, however, is prevented 
by the tension of the anterior crucial, posterior, and lateral ligaments. 

Extension of the leg on the thigh is performed by the Quadriceps extensor; 
JlcxioH by the hamstring muscles, assisted by flic Gracilis and Sartorius, and 
by the Gastrocnemius, Popliteus, and Plantaris. Uolalion outwanh is effected 
by the Biceps, and rotation inwards by the Popliteus, yemitendinosiis. and, to 
a slight extent, the Semimembranosus, the Sartoriiis, and the Gracilis. The 


Poj)liteus comes into action especially at the commencement of the movement 
of flexion of the knee; by its contraction the leg is I'otated inwards, or, 
if the tibia be fixed, the thigh is rotated outwards, and the knee-joint is 
unlocked. 
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Surface Form .—The interval between the femur and tibia can always be easily felt. 
If the umb be extended, it is situated on a slightly higher level than the apex of the patella; 
but if the limb be slightly flexed, a knife carried horizontally backwards immediately 
Ijelow the apex of the patella would pass directly into the joint. When the knee is semi- 
flexed, the internal border of the inner condyle of the femur, the upper border of the 
inner tuberosity of the tibia, and the inner margin of the patella form a triangular depressed 
area, which coincides uith the level of the joint and with the internal semilunar fibro- 
cartilago. If this cartilage be displaced inwards, a gap will be felt in this situation. When 
the knee-joint is distended with fluid, tiu* outline of the synovial membrane at the front 
of the knee may l)e fairly well mapped out. 

Applied Anatomy .—From a consideration of the construction of the knee-joint, it 
would at first sight appear to be one of the least secure of any of the joints in the tody. 
It is formed between the two longest bones, and therefore Ihe amount of leverage which 
can be brought to toar upon it is considerable ; the articular surfaces are but ill-adapted 
to each other, and the range of motion which it enjoys is grivat. All these circumstances 
tend to render the .articulation insecure; nevertheless, on account of the powerful 
ligaments which bind the bones together, the joint is one of the strongest in the body, 
and dislocation from traumatism is a rare «M!curreuco. When, on the other hand, the 
ligaments have been softened or dostroyotl by disease, partial displacement is liable to 
occur, and is frequently brought about by the mere action of the muscles displacing the 
articular surfaces from each other. The tibia may be dislocated forw'ards, backwards, 
inwards, or outwards ; or a combination of two of these dislocations may occur, and 
any of these dislocations may be complete or incomplete. 

One or other of the semilunar cartilages may become displaced and nipped between 
the fem\ir and tibia. The accident is produced by a twist of the leg when the knee is 
flexed, and is accompanied by a sudden pain and fixation of the knee in a flexed position. 
The cartilage may be displaced either inward.s or outwards : that is to say, either inw’^ards 
towards the tibial spine, so that the cartilage become.s lodged in tlui intcrcondyloid notch ; 
or outwards, so tb.at the cartilage projects toyond the margin of the two articular surfaces. 
The internal cartilage is much more commonly the. one affected. 

Acute synovitis, the result of. traumsitism, is very common in the knee, on account of 
the superficial position of the joint. When the cavity is distended with fluid, thesweHiiig 
shows itself above, and at the sides of tin* patella, reaching about an inch, occasionally 
two inches or more, above the trochlear surface, of the femur, and extending a little liigher 
under the Vastus intemus than under the Wstus externus. 'I'he lower level of the synovial 
membrane is just above the level of the head of the tibia. (Ihronic synovitis shows 
itself prineip.ally in the form of jmlpy dcgeiier<ation of the .synovial membrane, leading 
to tuberculous arthritis. The. reasons why tuberculous di.sease of the knee usually com¬ 
mences in the synovial membrane apjwar to bts (a) the complex and extensive, nature of 
this sac, and (h) the fact that injuries arc geiuirally diffused and applied to the front of the 
joint rather than to the ends of tlu; bones. Syphilitic disease not infi-equcntly attacks 
the knee-joint. In the tj-rtiary form of the disease, gummatous infiltration of the synovial 
membrane ma}'^ take jilace. 'Phe knee is one of the joints most (iommonly affected with 
osteo-arthritis, and is said to be more frequently the seat of this disease in women than 
in men. The occurrence of the so-called loose cartilages is almost confined to the knee, 
though they an- occasionally met with in other joints. Many of them o«*cur in cases 
of osteo-arthritis, in which calcareous or cartilaginous material is formed in one of the 
synovial fringes and constit utes the fori'ign body, and may or may not tocsome detached, 
in the former case only meriting the irsual term, ‘ loose ’ cartilage. In other cases they 
have their origin in the exudation of inflammatory lymph, and po-ssibly, in some rare 
instances, a portion of the articular cartilage or one of the semilunar cartilages tocoxmjs 
detached and constitutes the foreign body. 

In inflammatory affections of the knee-joint, the position of greatest case, and 
therefore the one which is always assumed, is that of slight flexion. In this position 
there is the most complete relaxation of ligamentous structures, and, therefore, the greatest 
diminution in the tension caused by the effusion. If this flexed position bo maintained 
for any length of time, it iKicomes permanent from fibrous adhesions taking place, and 
the utility of the limb is mat«‘iiall.v imi)aired. Attention should therefore be paid by the 
surgeon to the jmsition of the limb ; and by carefully applied sifiints, with the leg in an 
extended position, this untow’ard result should bo prevented. In cases of septic synovitis, 
incisions to evacuate the pus should to made vertically on either side of the patella, between 
it and the condyk^s of the femur. 

Genu valgum, or knock knee, is a common deformity of childhood. In this condition, 
owing to changes in and about the jomt, the angle between the outer borders of the tibia 
and femur is diminished, so that as tlie 2)ationt stands the two internal condyles of the 
femora are in contact, but the two internal malleoli of the tibia; are more or less widely 
separated from each other. When, however, the knees are flexed to a right angle, the 
two logs are practically parallel with each other. At the commencement of the disease 
there is a yielding of the internal lateral ligament and other fibrous structures on the inner 
side of the joint .; as a result of this there is a constant undue pressure of the outer 
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tuberosity of the tibia against the outer condyle of the femur. Tliis extra pressure causes 
arrest of growtli, and, possibly, wasting of the outer condyle, and a consequent tendency 
for tfie tibia to become separated from the internal condyle. Irregular overgrowth from 
the inner portion of the epiphysial line takes place, giving rise to apparent emlargcment 
of the inner condyle of the femur, the line of the epiphysis becoming oblique, with a 
direction downwards and inwards, instead of at right angles to the axis of the bone. If 
the deformity bo marked, an osteotomy of the femur is required to correct it. 

Excision of the knee-joint is most frequently required for tuberculous disease of this 
articulation, but Ls also practised in cas(!S of disorganisation of the knee from other causes. 
It is also occasionally called for in cases of injuiy, gunshot or otherwise. Tlio operation 
is best performed by a hoTS«--shfM! incision, starting from one condyle, desetending as low 
as the tubercle of the tibia, and then caiTied upwards to the other condyle. The bone 
having been cleared, and in those cases where the operation is i)erformcd for tuberculous 
disetuse all pulpy tissue having been carefully removed, the section of the femur is first 
made. This should never include, in children, more than, at tlie most, two-thirds of the 
articular surface, otherwise the epiphysial cartilage will bo involved, with disastrous 
results as rcg.ards the growth of the limb. Afterwards a thin slice should be removed 
from the ujqxsr end of the tibia, not more than half an inch. If any diseased tissne stilJ 
appeal's to be left in the bones, it should bo removiid with the gouge, rather than that a 
further section of the bones should be made. 

The burs.*!* about the kn<'e-jomt arc some, inies (lu! seat of enlargement. Hie pre- 
pabillar bursa—i.e. the bursa between the front of the patella and the skin—is frequently 
affeeled in individuals who ai'o in the habit of constjuitly kneeling, and the condition is 
llion kiiow'n as ‘housemaid’s kni-e.' 'riu> bursa heiieatli the Semimembranosus tendon also 
occasiomally becomes enlarged, and forms a fluctuating swelling at the back of the knee. 
During extension, the swelling is linn and tense ; but during flexion it becomes soft, and, 
as tlie bursa often communicates with the synovi.'d (javity, the Iluid it contains can bo 
made; to disappear by pressure, when the knee is flexed. E.vtension of sef»tic jirocesses 
within the joint, is apt to occur along the tendon sheath of the i’oplitciis muscle, and this 
may lead to det‘p-scated sujqmration in the popliteal space, often associated with septic 
Ihrombo.sis of the popliteal vein ; when this oceurs amputation of the limb becomes 
necessary. 


III. AUTICri.ATtOX.S 1U/J'WEK\ THE TITHA A\T) FIUrLA 

The urlieiilalions betwa'oii the lihi.a .and fibula are effected by ligaments 
ivhieh eoinieet both exilemitieH ; in addition the shafts of tin; bones are bound 
logetbev. Tb<! ligaiiauits may eoiiseqiiently bo subdivided into three sots : 
1. Those of th(< Superior ’^rihio-libuhir arlioulatioii. 2. The Middle Tibio- 
hbular ligament or interosseous membrane, li. 'riiose of the Inferior I’ibio- 
tibular arii(mlafion. 


1. SUfEiaOR TiBIO-FIBULA a AETICin.ATlON (AuTICTILATIO 'riBIOFlBULAias) 


This articulation is an arthrodial joint. TI)o contiguous surfaces of the 
bones present Hat, oval facets coveicd witli cartilage and connected together 
by the following ligaments : 


(‘apsular. 

Anterior Supm-ioi Tibio-fibular. Posterior Sui)erior 'ribio-fibular. 


The Capsular Ligament (capsula arlieuluris) surrounds the articulation, 
being attached I'oiind the margins of tlm articular facets on the tibia and 
fibula; it is much thiciker in fiont tlian behind. 

The Anterior Superior Tibio-fibular Ligament (lig. eapituli fibulm 
anterius) (tig. 470) consists of two or thiee broad and flat bands, which pass 
obliquely upwards and inwards from the. front of the head *>£ the fibula to the 
front of the outer tubei'osity of the tibia. 

The Posterior Superior Tibio-fibular Ligament (lig. eapituli fibula; 
posterius) (fig. 469) is a single thick and broad band, wliieli passes upwards 
and inwards from the back part of llu; head of the fibula to the back part of 
the outer tuberosity of the tibia. It is covered by the tendon of the Popliteus 
muscle. 

A Synovial Membrane lines the capsule, and at its upper and back part 
is ooeasionally continuous with that of the knee-joint. 


2. Mixjdle Tibio-fibulak Ligament or Interosseous Membrane 

An Interosseous Membrane (membrana intcrossea cruris) extends between 
the interosseous margins of the tibia and fibula, and separates the muscles on 
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the front from those on the back of the leg. It consists of a thin, aponeurotic 
lamina composed of oblique fibi'cs, which for the most part pass dowTiwards 
and outwards ; some few fibres, hoM’cver, pass in the opposite direction. It 
is broader above than below. Its upper margin does not quite reach the 
superior tibio-fibular joint, but presents a free concave border, above which is 
a large', oval aperture for the passage t»f the' anterior tibia! vessels to the front 
of the leg. At its lower part is an opening foi- the passage of the anterior 
peroneal vessels. It is continuous bt'low with the inferior interosseous 
liganu'nt, and pre\sorits numerous perforations for the ]»assage of snmll vessels. 
It is in relation, in front, with the 'I’ibialis antieus. Extensor longus digitomm. 
Extensor proprius hallueis, I’f'roneus tertius, and 1.h(> ant.('rior tibial vessels 
and nei'vc ; behind, with the Tibialis posticus and Flexor longus hallueis. 

3. Inferior TiBio-riBirL.AK Articflation (iSyndf,smo.st,s Tibio- 

IflBULAKE) 

This articulation is fornu'd by the rough, convex .surface of the inner side 
of tlie lower end of tlie fibula, and a concave rough surface on the outer side 
of the tibia, llelow, to the extent of about a sixth of an incl], tlie.se surfaces 
are smooth, and covered with <-artilage, which is continuous with that of the 
ankle-joint. The ligaments of this joint arc : 

Anterior Inferior Tibio-fibular. Tnuisverse Inferior. 

Postei’ior Inferior Tibio-fibular. Interosseous. 

The Anterior Inferior Tibio-fibular Ligament (lig. malleoli lateralis 
anterius) (fig. 47()) is a flat, triangular baud of fibres, broa.d('r below than 
above, which extends obliquely downwai’ds and outwards between tlu' 
adjacent margins of the tibia and fibula, on the front aspect of tlie articula¬ 
tion. It is in rc'lation, in front, with the IVroneus tertius, the aponeurosis of 
the leg, and the intc'gument ; behind, with the inferior interosseous liganu'nt ; 
and lies in contact with the cai’tilage covering the astragalus. 

The Posterior Inferior Tibio-fibular Ligament (lig. malleoli lateralis 
j)ost('rius), smaller than the jiri'ccding, is disposed in a similar manner on the 
posterior surface of tlu' articulation. 

Tlu' Transverse Inferior Ligament lies under cover of the posterior 
ligament, and is a sti’ong. thick band of yellowish fibres which passc'S trans¬ 
versely acro.ss the back of the joint, from the c'xfernal malleolus to the ]W)st('rior 
border of the articular surface of the tibia, almost as far as its malleolar 
process. This ligament projects bel(»w the maigiri of the hones, and forms 
])art of the articulating surface for the astragalus. 

The Interosseous Ligament consists of nunu'rous short, stiong, fif)rous 
bands, which ])ass bc'tweeii the contiguous rough .surfaces of the tibia and 
fibula, and constitute' tin' chief bond of union between the bone.s. It is 
continuous, above, with the intcro.s'-eous mem bra rn-. 

The Synovial Membrane which is a.ssociated with the small arthrodial 
part of this joint is continuous with that of the anklc-joiiil. 

IV. ANKl.F.-JOTNT lAUTICUl.ATTO TALOCUITRALIS) 

'I’hc iuikle-joint is a ginglymiis. or hinge-joint. The structures entering 
into its formation are' the leewer e*xtreiuity eef the tibia and its malleeeJns, tlie 
e'xte'inal malleeilus of the fibula, and the' transve'r.se' ligament, wliiedi together 
feerm a meirlise to leceive the upper e-emveix surfaes' of the astragalus and its 
two late-ral iaceis. 'I'he surfaees are e-eumectesl by a cajJisule, wliieli in places 
fenins thicke-ne'd liands eonstiluting the- following figaments : 

t-’a]jsular, 

Arite'fior. Internal Lateral. 

Posterior. External Jjaleral. 

The Capsular Ligament (capsula artieularis) is an imperfect ligamefntou.s 
structure which surremnds the- joint, and is attached, above, to the borders of 
the articular surface of the tibia ; aud below', to the astragalus areeund its 
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upper articular surface. The parts of \\ hich it is composed vary considerably 
in strength. 

The Anterior Ligament (fig. 475) is a broad, thin, membranous layer, 
attached, above, to the anterior margin of the lower extremity of the tibia, 
below, to the astragalus, in front of its suj)orior articsular surface. It is in 
relation, in front, with tin* Extensor tendons of the toes, the tendons of the 
Tibialis anticus and Peroneus tertius, and the antjuior tibial vessels and 
nerve. 

IMic Posterior Ligament is veiy thin, and consists princijially of transverse 
fibres. It is attached, above, to the margin of the articular surface of the 
tibia, blending with the transv<!rsc tibio-libulav ligament: below, to the 
astragalus behind its superior articular facet.. Externally, where a somewhat 
thickened band of transverse fibres is attached to tlio hollow on the inner 
surface of the external malleolus, it. is stoutcM' than int('mally. 

The Internal Lateral or Deltoid Ligament (lig. deltoideum) (fig. 475) 
is a strong, flat, triangular band, attached, above, to the apex and anterior 
and posterior borders of the inner malleolus. It consists of two sets of fibres, 

Fio. 475.—Ankle-joint, larsnl and tarso-mctatarsal articulations. 

Internal view. K'ght side. 



snperfieial and deep. Of the su|H*rtieial tihi-es tlie mo.st anterior pass forwards 
to b(i in.serted into the liiberosity of tlie navicular bone, and immediately 
behind tliis tlu^y blend with the inner margin of the inferior ealcaned- 
navieuLar ligament ; the middh* deseond almost ])erpendieularly to be inserted 
into the whole length of the susteiilaeulum tali of the. os caleis ; the itosleriot 
fibres pa.ss backwards and oiitwa.rds to bo attached to the inner side of the 
astragalus, and to the prominent tulsucle on its j)o.storio]' surface, internal to 
the groove for the tendon of the Flexor loiigus hallueis. The d(‘e]) fibres are 
attached, above, to I he tip of the iunei’ malleolus, and, below, to tlie innei 
surface of the astragalus. This ligament is covered by the tendons of the 
Tibialis posticus and Flexor longus digitorum. 

The External Lateral Ligament (fig. 476) consists of three faseicuili, 
taking different dirc'ctions, and sepaialed by distinct intervals, for which 
reason it is described by some anatomists as three distinct ligaments. 

The anterior fnsrdcuinfi (lig. talofibulare anterius), the shortest of the tlirec, 
passes from the anterior margin of the external malleolus, forwards and 
iiiw'ards to the astragalus, iii front of its external articular facet. 
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Tlx* 'poskrinr faaciculv/i talofibulare postorius), the stiongcst and most 
d(;(!ply seated, passes inwards from the depression at the inner and back part 
of tiu! external malleolus to a prominent tubercle on the postesrior surface of 
th<‘ astragalus iintnediabily (jxlornal to the groove for the tcaulon of the Flexor 
lonpus hallucis. Its fibn'S an^ almost horizontal in direction. 

I’lie middlr fa-'in'rviu-'t (lig. cahiancofibulare), t)ie longest of the thrc(!, is a 
narrow’, rounded eord, running from the apex of the external malleolus dowm- 
w'ards and slightly backwards to a lulierelc on tlie outer surfact; of the os calcis. 
It is covered by th(( t<!ndons of the I’eronei hjngus et brevis. 

'I’hc Synovial Membrane invests tlm inner surfae»«sof the ligaments, and 
H<‘ii<Is a duplicaturc upwards between the: lower extremities of the tibia and 
tihuhi for a short distance. 

Eelations. — 'rix; tendons, vessels, and nerves in conntiction with the joint 
are, in front, from within outwards, the 'I'ibiahs anticus. Extensor proprius 
lialJueis, anterior tihi.al vessels, anterior tibial iiorv*;. Extensor longus digitorum, 
and I’eroneus tertius ; heliind, from within outwards, the Tibialis posticus. Flexor 
Jongns fligitoruju, ])ostorior tibial vessels, jmsterior tibial nerve. Flexor longus 

Fit.'. 47(>.—^i\rikle-joiu(.. tiirsal and (<ii‘.so-melatarsal articulations, 
tixterna] view. Kiglit side. 



hallucis : and, in the groove Ixfhind the external malhsolus, the tendons of the 
Perouei longus et brevis. 

The Arlenes supplying the joint are derived from the malleolar brauehos of 
the anterior tibial and the peroneal. 

The Nerves arc derived from the anterior and posterior tibial. 

Movements.—When the body is iu the erect position, the foot is at right angles 
to the leg. The movements of the joint are those of dorsiflexion and extension ; 
dorsiflexion consists in the approximation of the dorsum of the foot to the front 
of the leg, w'hiJc in extension the heel is drawn up and the toes pointed down¬ 
wards, 1’ho malleoli tightly embrace the astragalus in all positions of the joint, 
so that any slight degree, of lateral movement which may exist is simply due to 
stretching of the jufe.rior tibio-fibular ligaments, and slight bending of the- shaft 
of the fibula. 'I’he superior articular surface of the astragalus is broader in front 
than behind. In dorsiflexion, therefore, greater space is required between the two 
malleoli. This is obtained by a slight outward rotatory movement of the lower 
end of the fibula and a stretching of the inferior tibio-fibular ligaments; tbia 
outivard movement is facilitated by a slight gliding at the superior tibio-fibular 
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articulation, and possibly also by the benfling of the shaft of the fibula. Of the 
ligaments, the internal lateral is of vers’gre^it power—so inuch so, that it usually 
resists a force which fractures the process of bone to wdiieh it is attached. Its 
middle portion, together with the middle fasciculus of the external lateral ligament, 
binds the bones of the leg firmly to th<i foot, and resists ilisplacemeut in every 
direction. Its anterior and posterior fibres limit extension and flexioji of the foot 
respectively, and the antcirior fibres also limit abduction. The )H)8tenor portion 
of the external lateral ligament assists the middle portion in re.sisting the displace¬ 
ment of the foot backw’ards, and dee}>ena the. cavity for the reception of the 
astragalus. 'I’he anterior fasciculus is a security against the displacement of the 
foot forw^ards, and limits ext<'nsioii of the joint. 

The movements of inversion and eversion t)f the foot, together with the inii\ute 
changes in form by wdiicli it is ap])lied to the ground or takes hold of an oljject in 
clindiing, &c., are inainlv effected in tlie tarsal joints; the joint which enjoys the 
greatest amount of motion ))eing that between the astragalus and os calcis behind. 


Fic. 477.—Coronal section of right ankle-jvrint and toot. 
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and the navieidar and cuboid in front. This is often called the Iransoerse or medio- 
tarsal joiid, and it can, with the subordinate joints of the. tarsus, replace the ankle- 
joint in a great nicasuic when the latter has become ankylosed. 

Extension of the foot upon the tibia and fibula is produced by the Gastro¬ 
cnemius, Soleus, Plantaris, Tibialis posticus, Peronei longus et brevis, Flexor 
longus digitorum, and Flexor longas hallucis; dorsiUexion, by the, Tibialis anlicus, 
Poroneus tertius. Extensor longus digitorum, and Extensor proprius hallucis.* 

Surface Form .—^Tho level of the ankle-joint may be indicated by a transverse line 
drawn across tho front of the lower part of the leg, about half an inch above the level of 
the tip of the internal malleolus. The joint can be felt on either side of the Extensor 
tendons ; and during extension of tho foot, the superior facet of the a-stragnlus can l/e 
perceived below the anterior border of the low'or end of the tibia. 


• Tlie student must bear in mind that the Extensor longus digitorum and Exton.sor proprius 
hallucis are eatl^meoni of the toes, but flexor* of the ahkle; and that the Flcxoi- longus digitorum 
and Flexor longus hallucis arc flemort 'Of .the tpeS^ but t^temor* of the ankle. 
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ApplM Anatomy.—Xu the ankle-joint Is a very strong and powerful articulation, 
disxjlaeement of the trochlear surface of the astragalus from the tibio-libular mortise is 
not of common occurrence, and great force is required to produce it. Nevertheless, 
dislocation docs occasionally occur, both in an antero-postorior and a lateral direction. 
In the latter, which is the more common, fracture is a necessary accompaniment of the 
injury, 'llic di.slocation in these! east's is somewhat j)cculiar, and is not a displacement in 
a horizontally lateral direction, such as usually occurs in lateral dislocations of ginglyinoid 
joints, but the astragalus undergoes a jiarlial rotation round an antero-posterior axis 
drawm through its own centre, so that tin' superior surface, instead of iHiiiig directed 
upwards, is int'lined more or less inwards or outwards according to the variety of the 
displacement. 

'riie ankle-joint is more fniqin'iitly sjrrainetl than any joint in tlu' body, and this may 
lead to acute synovitis. In thost! <'ascs, when the synovial sac is distendr'd with fluid, the 
bulging ajrpr'ars principally in tin' firmt of tin' joint. Is'iicath the anterior ti'ndons, and on 
cither si«h', bc'tweeii the 'ribirdis antieus .ind the internal lateral ligament on tin' inner 
siile, and botw(!en the' I*('i‘oneus tertius and the cxtrimal lateral ligament on the outer 
.side. In addition to this, bulging often occurs jrosteriorly, and a fluctuating swelling may 
b(! delected on either side of the tendo Achillis. 

dhronic synovitis may result fi'om frequent sprains, and when once this joint has been 
spraitn'rl it is inor«' liid)l(! to a recurrence of tlic injury than it rvas Ixifore ; or the synovitis 
in.'ry be tubcri-iilous in its origin, the rlisense usually commencing in the astragalus and 
cxti'iiding to the joiirt, though it may commence in the synovial membrane, the residt 
ju'obably of some slight strain in a tids'cculous subject. 

M.\eision of the ankl('-jt)int is not often performed, for two reasons. In the first plijcc. 
diseasi' c)f tlu! articulation for which this opi'ration is indicated is frccjuently associated 
with disc'asc of the tarsal l)ones, which prevents its ]M!rformaiu'e ; and, secondly, the foot 
after exc'ision is often of very lit.th' use ; far less useful, in fact, than it is aft«'r Syme’s 
amputation, which is, therefore, a preferable ojicration in the.se cases. 


V. INTKllTARSAfi AUTICtIbATJONS (AUTlCULATKnMil.'t INTKKTARSKA'b 


1. AltTIf't. LATJON OK THIC O.S (’aJA'IS AN O AsTKAOAIAT^S 
(A ItTICUr-ATJO 'rAbOt!AbC'A.\EA) 

'I'lie iirtieulations lu'fwc'c'ii tin' os ealeis and astragaJuii are two in number— 
anterior and |K)st('ri()r. Of these, the anterior forms part of the joint between 
llie O.S ealeis. aslragiilns. and navienlar, and will lx; de.scribed as the astragalo- 
ealeaneo-navieular artienlnf ion. 'I'he posterior or aslragalo-eaJeauean articula¬ 
tion is fornu'd Ix'tui'i'n the po.st<'ii()r and ]arg('r facet on tlu' inb'rior surface' of 
the astragalus, iind the ('xterual facet <tn the suix'tior surface of the os ealeis. 
It is an arthrodial joint, .'iiid the twe hoiu's an' connected together by the 
follow ing ligaments : 

(‘aj)sular. Anterior CaleaiU'o-astiagaloid. 

Exfc'rnal ('alean(' 0 -astraga!(»id. i\)slerior Caleaneo-astragaloid. 

Internal t'aleaiU'o-astragaloid. Jutt'ros.seous. 

The Capsular Ligament (eapsula artieularis) .suvroniids the two articular 
surfaet's. and consists foi- the inost part of shoit fibre's, which are split uj) 
into distinet slips, forrniiig the specially named ligaments of the articulation ; 
between them there is only a weak fibrous ijive.sfnu'nt. 

The External Caleaneo-astragaloid Ligament (lig. tahx'aleaneum 
laterale) (fig. 47(i) is a short, strong fasei('ulus, passing from the outer surface of 
tlu' astragalus, immediately heueath its exterind facet, to the <mfer sinlace of 
the os ealeis. It is ])laeed in front of. hid on a deeper plane than, the ruiddh' 
fa.scieidus of the external lateral ligament of the ankle-joint, with the fibres of 
which it is |):it‘all<'l. 

'I’he Internal Caleaneo-astragaloid Ligament (lig. talocaleaneum 
medialc) is a hand of lihi'cs eoimeeting the internal tiibereh' of the back of 
the astragalus w itli the hack of the sustentaculum tali. Its fibres blend with 
those of the iideiior ('alcaneo-navicular ligament. 

The Anterior Caleaneo-astragaloid Ligament (lig. taloealoaneum an- 
teiius) extends from the frmit and outer surface of the neck of the a.stragalus 
to the superior surfaei' of the os ealeis. It forms the posterior boundary of 
the anterior I'aleaneo-astragaloid joint, and is sometimes described as the 
mvterior intvroftseoua ligmuenl. 
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Tho Posterior Calcaneo-astrag'aloid Ligrament (lig. talocalcaneuni 
postcrius) (fig. 476) connects the external tubercle of the astragalus witli 
tJie upper and inner jiart of llu' os calc-is ; it is a short band, tljc fibres of which 
radiate from (licir narrow attachment to the astragalus. 

The Interosseous Ligament (lig. taloealcancum interosseum) (lig. 477) 
forms the chic'f bond of union betu'cen the l>ones. It is, in fact, the united 
capsular ligaments of the two joints mentioned above', the astragalo-calcaneo- 
navicular and the astragahi-calcanean. and consists of luo j)artially united 
layers of fibres, (!n(' belonging to tlie anterior and tlie other to the posterior 
joint. It is attached by one extr('mity to the groove between tlu' articular 

I’kj. 478. — Sagittal .section ot the right foot near its inner border, dividing the tibia, 
astragalus, navicular, internal eiineiforni. and iirst metatarsal bone, and the lir,st 
))ha]anx of the great too. (After Hraune.) 



facets of tlie under siirfaet'of the a.stragalus : by the otlu'r, to a corresponding 
depression on tbe upja'r surl’aet' of the v)S calcis. It is \('iy tliicU and slioiig. 
being o.t h'asl an inch inbr(‘adth from sid(' to si<lc, and s<M ves to unite' the os 
l aJcis and astragalus solidly t()g('thcr. 

'I’he Synovial Membrane (lig. 4S0) lines the ca])sulc' of tlie joint, and i,-. 
dislincL from the otlu'r synox ial membranes of the tarsus. 

Movements.—'I’he ni<)v<'ineiit.s p('rinitted bi'tween (lie .islragahis and os ealcis 
are limited to gliding of the oin; hone on the <;tli<‘r liaekwardiS and forwards and 
Ironi side to side. 


Artk'uuation ot' the A.stiiaoai.i s wjtu Trin Os Calcis ano Navicclai: 

(.\im(TLATIO 'rALUCAJA'ANHONAVICULAins) 


Tlie articulation between the a.stragalus and navicular is an arthrodial 
joint : the rounded bead of the astragalus being reeeived into the eoneavity 
formed by tin posterior surfaee of tbe navieular. the anterior articular 
surface of the ealeaiK'uin, and the upper surfaee of the inferior ealeaneo- 
navicular ligament, which arc all directly continuous Avitli each other. There 
are two ligaments in this joint ; 


(kpsular. 


Superior Ast I'agalo-navicular. 


The Capsular Ligament (eapsula artieularis) consists of a laymr of fibres, 
imperfectly developed exec'pt posteriorly, where it becomes greatly increased, 
and forms, with a. part of the capsule of the astragalo-ealeanean joint, tlu' 
strong interosseous ligament which fills in the canal formed by the opposing 
grooves on the os calcis and astragalus, as above mcTitioiK'd. 

The Superior Astragalo-navicular Ligament (1 ig. talonavioulare doiaale) 
(fig. 476) is a broad band, wbieh passes obliquely forwards from the neck of the 
astragalus to the superior .surface of tho navicular bone. It is \v-eak, and thin 
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in texture, and covered by the Extensor tendons. The inferior calcaneo¬ 
navicular 8upi)lie8 the place of an inferior ligament. 

The Synovial Membrane lines all parts of the capsule of the joint. 

Movements.—This artie-ulalion ])ermits of a considerable range of gliding move¬ 
ments ; its feeble* c.onstruction allows occasionally of dislocation of the other 
bones of the tarsus Irom the astragalus. 


3. Auticclatjons or the Os Cai.cis with the Cuboid 
(ArmcuLATio (.'ai.caneocuboidea) 

The ligaments (ionnecting the os calcis with the cuboid are five hi number : 
Capsular 

Dors-il . Caleaneo-emboid. 


Plantar 


1 Internal Calcamso-eubold (Interosseous). 
Long Cahinneo-cuboid. 

Short Calcaneo-euboid. 


'I’he Capsular Lig^ament ((^a[)sula artieul.aris) is an imperfectly developed 
Jiiym*, eoiitainiiig certain strengthened bands, which form the other named 
ligainenls of the joint. 

'riic Superior or Dorsal Calcaneo-cuboid Ligament (fig. 476) is a thin 
but broad fa.scieuius, whieli passes belwe(>n the contiguous surfaces of tlui os 

ealcis and cuboid, on the dorsal surface 
J'’[o. 47tl.— Ligiimcnls of plantar siiifa(!e of the joint. 

ot ibe riiriit toot. Internal Calcaneo-cuboid 

(Interosseous) Ligament (fig. 47t)) 
is a sliort, but thick and strong band 
of fibres, arising from tlic os (ifilcis, 
ill llu; d(M‘j) Jiollow which intervenes 
bclwecui it and the astragalus, and 
closely bh'iidcd at its origin w'itli the 
supeuior calcaneo-iiavicular ligament, 
so as to form with it a V-shaped .stnut- 
turc. It is inserted into the inner side 
of t he cuboid bone. 'I’liis ligament 
forms one of the chief bonds of union 
l)et\v«*cn the first and second row's of 
the tarsus. 

The Long Calcaneo-cuboid or 
Long Plantar Ligament (lig. plan- 
tai(' longum) (fig. 479), tl»e more supor- 
licial of the two plantar ligaments, is 
till! longcist of all the ligaments of the 
tarsus : it is attached to the under 
surfafs* of the os calcis, from near the 
tubi'rositi<“.s to the anterior tubercle ; 
its tibrt^s pass forwards to be attached 
to tlic ridge on the under surfats^ of 
the cuboid bone, tlic more .superficial 
fibres being continued onwards to the 
bases of the second, tliird, and fourth 
metatarsal bones. T’his ligament crosses 
the gi-oove on the under surface of the 
cuboid bone, converting it into a canal 
for the passage of the tendon of the 
Peroneus longus. 

The Short Calcaneo-cuboid or 
Short Plantar Ligament (lig. cal- 
caneocuboideum plantare) (fig. 479) 
lies nearer to the bones than the pri'ceding. from which it is separated by a 
little areolar tissue. It is exceedingly broad, about an inch in length, and 
extends from the tubende and the depression in front of it, on the fore part 
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of the under surface of the os oalcis, to the inferior surface of the cuboid 
bone behind the peroneal groove. 

Synovial Membrane. —^The synovial membrane in this joint is distinct 
from that of tlie other tarsal articulations (tig. 480). It linos the inner surface 
of the capsule. 

Movements. —The movcinents permitted between the os oalcis and cuboid are 
limited to slight gliding movements of the bones upon each otlna'. 

Tlie transvrrae larsal or medio-larsat Joint is formed by the articulation of the 
os oalcis with tin*, cuboid, and the articulation of the astragalus with the navic¬ 
ular. I’he movement which takes place in this joint is inor(! (ixtensive than that 
in the otlier tarsal joints, and consists of a sort, of rotation by means of which the 
foot may In; slightly flexed or extended, the sole beitig at the same time earried 
inw'ards (inverted) or outwards (everted). 

4. Thk Ligaments (!onnkctin(>i the Os Calois and Naviciii.au 

Tboiigli these two bone,s do not diteetJy articulate, tliey are coumseted 
by I w'o ligajiieuts : 

Su])(U'ior or Extmnal (.'jvlcani'o-iiavicular. 

Inferior or Internal (.'alearieo-navieulav. 

Tin* Superior or External Calcaneo-navicular Ligament (lig. calcaneo- 
navieiilare dorsalo) (fig. 47(i) arises, a.s already mentioned, willi tJie infernal 
ca](!aneo-cn))okl in the deep liollow between <lie astragalus and os <‘al(fis ; 
it ])asses forw'ards from the upper snrfaee of the anterior extremity of the 
os oalcis to the outer side of the navieular boiu'. 'I'lnist! two ligaments resemble 
the lettcw Y, being Ifltmdecl together behind but se])arated in front. 

I’lie Inferior (*r Internal Calcaneo-navicular Ligament (lig. l alcaneo- 
naviculare plantar*') (flg. 479) is by far the larger and stronger «*f the tAAo 
ligaiui'nts between these bones ; it is a broad and thick band of tibres, and 
pa.s.ses forwards ami imvards from the anlc'iior margin of the sustc'rilaculum 
tali of the os (vilcis to the und('i' surfiice of the navicular bone. This ligament 
not only scuvc's to eonnoet the os (aileis and navi(!nlnr. but supports the head 
of the astragalus, forming part of the artiendar cavity in wbieli it is iceeived. 
The upper surface presents a tibio-eartilaginous facet, lined by the synovia] 
membrane continued from the anterior ealcam'o-astragaloid articulation, 
and upon this a portion of tin* bend of tlni astrsigalnsrests. The uwUr surface 
is in contact with the tendon of the Tibialis posticus muscle ; its inmr honUr 
is blended with the fore. ])art of tbi' hiternal latcn'al ligament of the ankle- 
joint, thus (iompleting the socket for the head of th«i astragalus. 

Applied .-Iwci/ow//.—Tlio inferior (!iil(‘anoo-nii\icnilar ligament, by supporting the liead 
of tlie astragalus, is ]irinei))ally ec>neerned in maintaining the arch of th«> fotd. When 
it yiold.s, the head of the astragalus Ls pressed clownw'ards, inwards, an<l forwards by the 
weight of the. boclj^, aiwl the foot hecouics llattenod, (sxpande*!, and turned outwards, 
and exhihits the tioudition known nv, Jtut-fnot. 'J'his ligament contains a eonsidoiahlo 
ainonnt of clastic fibres, so as to give elasticity to the arch and spring to the foot; hence 
it is sometimes called th*' ‘ spring ' ligament. Jt is sujiported, on its under surface, 
by the tendon of the Tifiialis )>(>sticus, which sj)rea<ls out at its insertion into a number of 
fasciculi, which ar<! attached to most of the tarsal and metatarsal hones. This jirevonts 
undue stretching of the ligament, and is a protection .against the wcurrcnce of flat-foot, 
hence muscular weakness Ls, in most cases, the primary cause of the deformity. 

5. The Articulation of tub NAvreuLAU with the Cuneiform Bones 
(Akticulatio Cu neonavk ttla itis) 

The navicular is connected to the tlinns cuneiform boruts by: 

Dorsal and Plantar ligaments. 

The Dorsal Ligaments are small, longitudinal bands, arranged as tbre*' 
bundles, one to each of the cuneiform bones. The bundle connecting the 
navicular tvith the internal cuneiform "is continuous round the innc'r side* 
of the articulation wdth the plantar ligament wJiich connects tliese two 
bones. 
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The Plantar' Ligaments have a similar arrangement to those on the 
dorsum. They are strengthened By processes given off by the tendon of the 
Tibialis postiems. . 

Tlie Synovial Membrane of llieHc joints is part of the great tarsal synovial 
membrane. 

Movements. —Mere gliding movements are pennitted between the navicular 
and cuneiform boiuis. 


fi. 'I’liE Akti(;ut.atxon of the N.wtculaii with the Ct'BOlP 

(A nTHUJLATIO (JUBOI DEON A ViriTLAHlS) 

TJie navicular bone is connected with the cuboid by ; 

Dorsal, Plantar, and Interosseous ligarmmts. 

Tlic Dorsal Ligament (extends obliquely forwards and outwards fi-om 
the navicular to the cuboid bone. 

'I’lie Plantar Ligament i)asses nearly transversely betu(“(m these two 
l)ones. 

'I’he Interosseous Ligament consists of strong transverse fibres, and 
connects the rough non-articular portions of the lateral surfaces of the two 
hones. 

'riu! Synovial Membrane of this joint is i)art of the gi’eat tarsal synovial 
membrane. 

Movements.—The ?iiovetneiits permitted l»etweeii the navicular and cuboid 
hones arc limited to a slight gliiling upon each othej-. 

7. Tim ,\i{Tim,ATJON oe the Deneieokm Hokes with eawi othbii 

( AuTKUTI.ATIOKES iNTEKCrKElFOrniES) 

These hones are. eonn(>et(“d together by: 

Doi'Sid, Plantar, and Intmosseous ligiiments. 

Till' Dorsal Ligaments consist of two transv(‘r.se liands; ont‘connecting 
the internal with tlui middle cuneiform, and the, other eonneeting the middle 
with the external cuneiform. 

'Pile Plantar Ligaments ha\c a, similai- arrangenumt to those on tin* 
dorsum. They ar(“ stieiigthemHl by jnoeessc's givim off from the tendon of 
the Tibialis posticus. 

'Pile Interosseous Ligaments consist of strong IransvcT'si* fibres which 
]>ass l)ctw(>cn ll\e rough noii-articular portions of the lateral surfaces of the 
adjaci'ut cuiK'iforiu hones. 

The Synovial Membrane of tlie.se joints is part of tlu* groat tarsal synovial 
membrane. 

Movements.- The luovcments permitted lastwecii tlic cuneiform hones are 
limited to a slight gliding iqum each utlier. 

•S. The Aktk c'i.ation ok the Exteknae ('itneikoj™ Hoke with the 
C uBOU) (.Autu’uiatio Ciineochboidka) 

'Plu'St' hoiu's are eoniu'cted together by: 

Dorsal. I’lantai', and Interosseous ligaments. 

'Phe Dorsal Ligament passes transversi'ly Ix'twoen the two bones. 

'I’he Plantar Ligament has a similar arrangi'inent. It is strengthened 
by a process given off from the ttuidon of the Tibialis posticus. 

'Phe Interosseous Ligament consists of strong transvm-se fibres wliieh 
eonneet the adjacent rough non-articular surfaces of the two bones. 

The Synovial Membrane of this joint is Jiart of tlic great tarsal synovial 
membrane. 

Movements.—The movi'ments permitted between the external euneiform and 
euhoid are limited to a slight gliding up6n eaeh other. 

Nerve«8Upply. —All the joints ot the tarsus are supplied by the anterior tibia! 
neive. 
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Applied Anatomy .—In spite of the great strength of the ligaments which connect the 
tarsal bones together, dislocation at some of the tarsal joints does occasionally occur ; 
though, on account of the spongy chauiotev of the lames, they aro more frequently broken 
as the result of violence, than dislocated. When dislocation takes place, it is most 
commonly in connection with the astragalus ; for not only may this bone bo dislocated 
from the tibia and fibula at the ankle-joint, but the other bones may bo dislocated from it, 
the trochlear surfat'o of the Iwne remaining m situ in tlm tibio-fibular mortise. This 
constitutes what is known as the sub-nstrayaloid dislocation. Or, again, the astragalus may 
be dislocated from all its connections—from the tibia and fibula above, the os calcis belou’, 
and the navicular in front—and may even undergo a rotation, on either a vertical or 
a horizontal axis. In the former case the long axis of the bone becoming directed across 
the joint, so that the head faces the articular sui-facc on one or other malleolus ; or. in the 
hit ter. tli(( lateral surfaces becoming dirccti'd upwaixls and down wards, so that the trochlear 
surface faces to one or the other side, lioduction in these cases is often very diflicult or 
impossible, and the di.s])laoed astragalus may thou require removal by ojam operation. 
Itisloeatioii nray also occur at the medio-tarsal joint, the anterior tarsal bones l)oing 
luxated from the astragalus and calcaiioum. Tlu! other tarsal bones arc also, occasionally, 
(hough rarcl^', dislocated from their conneclious. 


\ I. TAltSO-MK'I'ATAUS.Vb 


AltTK'f NATIONS (A ItTIOVNATFON KS 


TAllSOAl ETA'J’AUSK.l': i 


Tlu'so are arllirotlial joints. Tin* bones entering into their forination are 
four tarsal bones, vi/.. the internal. iniil Me and ('xternal euneifoiin. and 
the enhoid, which ailieulab' with the- bases of tbe metatarsal bones of tin* 
five toe.s. Tlie inetataisal bone of the oreat toe articulates with tin* internal 
taineiform ; that of tlu; s(u;oiul is (l()e])]y weilgiul in between the internal ami 
e.vbinial e.uneifornis resting against the middle euneifonn, and i.M the most 
strongly articulated of all tli(^ metatarsal bones ; thci thirdimstalarsal articulates 
with the external cuneiform; 1 he fourth, with the (iuboid and exiernal eunei- 
forni ; and t h<‘ lift h. wit h t he tiuhoid. 'Pl'e l-.ones are connected by tlu* following 
ligaments : 

llor-sal. Idantar. Interosseous. 


The Dorsal Ligaments consist of strong, flal hands, whicli ertmieel the 
tarsal with the metatarsal boiuis. The first metatarsal is eoimeeted to the 
internal cuneiform l)y a single broad, thin band ; the second lias three dorsal 
ligaments, one from each eunt'iform liorui; llie third has one from tlie e.vternal 
euneifonn ; the fourth has two. one from the external cuneiform and one 
from the cuboid ; and the liflh, one from the cuboid. 

The Plantar Ligaments eonsisi of longitudinal and ohliipie h.-nuls 
eonueetiug the tarsal and metatarsal hones, but disj)o.sed with less regularity’ 
than the dor-sal liganu-nts. 'ITiose for the fii-sl. and second im-tatarsals are 
the most strongly imirkc-d ; tlu- second and tliird metatarsals receive strong 
bands, which pass obliquely across from the internal enneifoi-ni; the jilantar 
ligaments of the fourth and fifth metatarsals consist of a few fibres derived 
from th(‘ cuboid. 

'Pile Interosseous Ligaments ai-c- tln-ee in number : internal, middle, 
and external. The internal is the strongest of fh<' three, and pas.ses from tin* 
oute-r snrf.iee of tlie internal cuneiform to the atljaeenl angle of the second 
metatarsal. 'ITie mi<1<U(\ less strong tlran the prec-eding, ooniieets the external 
cuneiform with the adjacent angle of the .second metatarsal. ITie e.et(rnal 
connects the outer angle of tlie external eum-iform with the adjacent side of 
the third metatarsal. 

Tlie Synovial Membrane between the internal cuneiform bone and 
the first metatarsal is a distinct sac. The synovial membrane between the 
middle and external cuneiforms behind, and the second ami third metatarsal 
bones in front, is part of the great tarsal synovial membrane. Two ]jrolonga- 
tions aro sent forwards from it, one betw een the adjacent sides of the soeond 
and third and ajiothor betw'ocn tJiose of the third and fourth metatarsal bomis. 
The synovial membrane between the cuboid and the fourth and fifth metatarsal 
bones is a distinct sac. From it a prolongation is sent forwards between the 
fourth and fifth metatarsal bones. 

Movements. —The movements permitted between the tarsal and metatarsal 
bones are limited to slight gliding movements of ,the bones upon each 
other. 


G G 
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Vn. INTKKMEXAXAESAL ABXICUIjAXIONS fAUXICULAXIONES INTERMETATARSE;?<:> 

Tlifi base of the first metatarsal is not eom>ectcd with the second metatarsal 
by any lij^aments ; in this respect the great too resembles the thumb. 

Tl\e bases of the four outer metatarsals are connected by dorsal, plantar, 
and interosseous ligaments. 

I’Jie Dorsal Ligaments pass transversely between the dorsal surfaces of 
the adjacent metatarsal bones. 

The Plantar Ligaments liave a similar arrangement, to those on the 
d(jrsum. 

'Die Interosseous Ligaments consist of strong transverse fibres wliicli 
pass between the rough non-articular portions of the lateral surfaces. 

The Synovial Membranes between the second and tiiird, and that betwc'cti 
the third and fourtli metatarsal bones are part of tlie great tarsal synovial 
memlwane; that between tlie fourth and fifth is a prolongation of the synovial 
membrane of the eubo-metatarsal joint. 

Movements. —TJie movemeut ])crmitted in the tai'sal ends of the metiitarsal 
l)oiics is limited to a slight gliding of tlie articniar surfaces upon one aiuither. 

'I'lie digital extremities of all the 7nctataivsal bones an^ coniU'ctcd together 
by lh<i trantiverw tm tafarml Uijament. 

'I’Ik' Transverse Metatarsal Ligament is a narrow band w Inch })asses 
uansversely across the anterior (‘Xtremities of all the metatai-sal bones, 
eonnoetiiig tliein together. It is blended anteriorly with the plantar (glenoidf 
ligaments of llu' jiietatarso-jfijalangeal articulations; to its jiosterior liorder 
is connected tJic fascia covering the* Interosseous museli-s. Its inferioj* surface 
is concave nhere the Plexor tendons run below it ; aho\e it the tendons of 
the liitero.s.seoiis muscles pass to their ijisertiou. It diffeis from the transvcise 
n»‘lat;a7pal ligaru(mt, in that it is attached to the fi7-st digit and connects it 
will) the others. 

Thr SyxovrAL Mkmbkanrs in the Taksal, and Metatai!Sai. .Joints 

'flic Synovial Membranes (fig. 48(1) found in the artieuhitions of the 
taisus and nietatarsus are six in number ; one foi- the ])osterior ealca7ico- 
asli'iigaloid articulation; si seeojid for the ante7ior calcaneo-astisigaloid 
and llui astjagsilo-navieular artieulatio7is ; a third for lh(! cidcsineo-cuboid 
articuhilion ; and a fourdh for- the artieul.ations of tJie navicular- with the 


Fro. 480.—Oblique section of the articulations of the tai-su.s and nielatarsu.«. 
Showing the six synovial membranes. 



tliree cuneiforms, the three cuneiforms w'ith each otlier, the. external euneiform 
with the cuboid, and the middle and external cuneiforms with the bases of 
the second and third metatarsal bones, and the lateral surfaces of the second, 
third, and fourth metatarsal bones with each other; a fifth for the internal 
cuneiform with tlie metatarsal bontf of the great toe ; and a sixth for the 
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artioulation of the euboiJ witli tlie fourth and fifth metatarsal bones. A 
■small synovial membrane is somei^nies found between the contiguous surfac(‘s 
of the navicular and cuboid bones. 

Nerve-supply. —The nerves supplying the tarso-metatarsal joints are derived 
from the anterior tilaal, 

VIIT. METATARf«0-PlIATiAN(^EA.L. ABTICtTLATfONS (ARTICULATIONES 
MKTATAUSOPHAEANcUi.E) 

I’lio metatarso-phalangeal sirtic-ulations arx' of tlui condyloid hiiid, formed 
i>y the- reception of tlu* i'ou?idc‘d heads f»f tlm matatarsal bones into shallow 
eavitit^s in the extremiti»is of the first phalanges. 

Tin* ligaments are : 

Plantar. Two Lateral. 

'Phe Plantar Ligaments (Glenoid ligaments of t'l-uveilhier) are thick, 
dense, iibroiis structin-es. Tlu'v arc ])lacc<l on tlic plantar surfaces of the 
joints in tlui iiitcn’vals bctwcini tlii' l.atcral ligaments, to which they arc 
connected ; they arc loosely uniti'd to the ni'diitarsal boiu's. but \'cry firnd_v to 
the bas(“s of tin* first ])lialangcs. 'Plicir plantar surfaces arc intimately' blended 
with the transv(usc metatarsal ligament, aiul present gr«)oves for the [jassage 
of the Flexor tendons, the sheaths surrounding u hieli are connected totlu* sides 
of tli<' grooves. Tluur deep surface's form parts of tlie arlieidar facets tor the 
heads of the ii (datarsal bone s, and are lineel l)y synovial mcinbrauc. 

The! Lateral Ligaments are strong. n)undeiel e'eirds, placed one eni eutlier 
side* e)f eae'h joint, and attacheel. by one e-xtrernity, tee the posterior luberedei 
e)n the side! of the head ejf llu! metatarsal benie*, and, by the other, tee the* 
e-outiguous e*xtivmily e»f the jdudanx. 

The ]>lace of a Dorsal Luiatimil is supplie-d by the* Exte'iisew tende)n em the 
bae*k of caeli joijit. 

Movements. — 'Phe nu)ve‘inents j)ermitteel in tin* ]ne'tatnrse)-phalaiige*al articu¬ 
lations arc fle>xie)ii, e\te*usiou, ahdue tie)ii, aiiel aeleluetiou. 

IX. lNTEUPHAl.AN(iKAl; AimCULATie)\S (APTlCULATiONES UIGITOKCM 1*EI)IH) 

The articulations oi the ])halanges are ginglymund je>ints. 

Tile* liganie*nts are : 

Ifiantar. 'Pwei La(e*ral. 

'Phe arr.ange*nH‘nt e)f tJu*se ligame*nts is similf.r tei that in the melatursei- 
])lialange*;d artie-ulations ; the* Extensor tereloii supplie's the place eif a elensal 
ligame*nt. 

Movements, 'flic emly nie)vi*uie*iits peTiiiitteel in the |)]iulang<*al joints are 
llexion aii.l e*xte*nsie)ii ; these* iiieive'inenls are* iiieire e*xtensn’e* h(*tvveen the* fir.>»t 
anel second plialange*s than tii*t\ve*e'M tlie* see'oiiel aiiel thirel. 'Pin* nnieamt ejf Jlexion 
is very consieleralile, hut e‘X'te*nsie)n is liinite*el hv the jilautar anel lateral ligamenls. 

Siirfarr Form. —'J'he* iirinfipal Jeiints wliieli it- is iiee'e!.ssiiry tei elistiuguisli, with vcgarel 
tej the surgery of the foeit, are the* miel-tarsal anel the* liirse.'-meleitiirsal ; the- mid-tavsal 
joint e-onsisls eif (he* astragalei-navieiilar line] e*ale'aiu‘o-e*iibokl artieulatiejiis. The* joint 
lietween the astragalus and the! navicular lies iminedi.itoly he*hind the lidiere-le* of tlie latte*]- 
tieiiic. If the foot be gras|K*el anel foreiihly e'xteendeed, a renindcd ]jre)inineiie‘e*, tlie head eif 
tlie astragalus, appears on the inner siele* of (he deirsiiin in fremt of the ankle-joint, and 
if a knife were carried downn’ards, just in front e>f this promini“ne*e and Is'liirid llie* line 
of the navicular tiiherede, it would e*nter tlie ast ragalo-navicular joint, 'i'lie calcaiioo- 
eubeiid joint is situatced inieiway belwoen the exlcrmd malleolus and llie prenninent base 
of the fifth motatarsal bone. 'IIk* plane of the joint is in the same line as that of the 
astragalo-navicular. 'The position of the joint lietween the fifth motatarsal bone and the 
cuboid is easily found by the projection of the baac of the fifth metatarsal bone, which 
i.s the guide to it. The direction of tJie line of the joint is very oblique, so that, if 
continued inwards, it w'ould pass through the inner side of tlie liead of the first metatarsal 
bone. The joints between the third and fourth metatarsal bones and the cuboid and 
external cuneiform are the direct continuation inwards of the previous joint, but their 
planes are less oblique. The tarso-metatarsal articulation of the ^cat toe corrcspoiick to 
a groove which can be felt by making firm pressure on the inner side of the foot one inch 
in front of the tubercle on the navicular bone ; and the joint between the second 
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metatarsal bone and the middle cuneiform is to be found on the dorsum of the foot, half 
an inch behind the level of the tarSo-metatoi-sal joint of the great toe. The line of the 
joints between the metatarsal bones and the first phalanges is about an inch behind the 
webs of the corresponding toes. 

Applied Anatcrmy .—(irout i;eculiarly aflocts the metatarso-phalangeal joint of tlie big 
toe. beginning Avith the deposit of sodium and caleiiun urates in the eaxtUage on the 
bones forming the joint, and slow necrosis of the surrounding tissue. Liitor the t:irt;um- 
artioular filiroiis tissue becomes the scat of these gouty deposits, and considerable 
thickening and deformity may result. The other tiliicf joint-affections, such as 
rheumatism, gonon'hccal arthritis, tulmrculosis. or syj)liilis, eoinparalivcly seldom attack 
the big toe joint. 


Akchks ok 'niJi Foot 

I)) order to alloAv ol it.s .siipportiii" rhe. weight of the body in the (u ect posture 
with th«! least expenditure of niateriiil, the foot is constructed of a series of arches 
which arc l(»rmed by the tansal and inetatai-sal bones, but are. strengthen<!cl by the 
liganienis and tendons of the foot. 

The main arclies are the autoro-]»oslerior arcJics, which may, for dcserijitive 
jAurposes, be regarded as tlivisible into two types—an inner and an outer. The 
inner arch (.see lig. 117, page 303) is }nade up by the os oalcis, the astragalus, 
the navicular, the three cuneiforms, and the imier three metal,ansals. Its summit 
is at th(! supoi-ior articular siirlace of the astragalus, and its two extrc'iriities or 
piers, on wdiic.li it rests in standing, are the tubercles oii the inferior surface, of 
the os caleis posterit)rly and the hea<ls of the inner three me-latansal bones 
anteriorly. The chief characteristic ()f this arch is its elasticity, due to its 
height, and to the number ol small joints bctw(>en its component jiarts. Its 
weakest ])ait, i.e. the part wliere it is most liable to yield from over-pre.,ssurc, is 
the joint lietween the astragalus and naxTcular, but this portion is braced by the 
inferior calcaneo-navicular ligament which is elastic, and is thus able to (piiekly 
restore tlic areli to irs juistine, i-ondition when the disturbing force is removed. 
This ligament is supported internally by blending unth the internal lateral ligament 
of the ankle-joint and inferiorly by the tendon of the Tibialis posticus which is 
spread out in a fan-shaped insertion, and prevents undue- tension of the ligament 
or su<‘h au amount of stretching .as would permanently elongate it. The arch is 
further snpjiorfeil by tlie plantar fascia, by the small muscles iii the sole of the 
foot, l)y the tendons of the Tihiales anticus et posticus and Pcronmis longus, and 
by the ligaments f)f .all the articulations involved. The oilier arch (see, tig. 41B. 
page 3(i3) is composed of the os caleis, the- cuboid, and the fourth and fifth meta¬ 
tarsals. its summit i.s ut the ealcaneo-astragaloid articulation, and its chief joint 
is the calcaneo-cuboid, which ])osscs.ses a special mechanism lor huddng and allows 
only a limited movement. The most marked features ol this arch arc its solidity 
ami its ..flight elevatioji ; two strong ligaments, the long and short inferior 
calcam'o-cuboid. tog<>,llipr uilh the outer Extensor tendojis and the short musclt's 
ol the litth' toe, presi'-rve its integrity. 

While tliese inniT and outer arches may be readily demonstrated as the 
compoiiCTit ant(‘rt>-posterior arches of the had, yet the. fundarnehtnl longitudival 
arch is contrihuted to l>y both, and consists of the os caleis, cuboid, external 
cuneiform, and,third metatarsal: all the other homss of the foot may be removed 
without destroying ihis arch. 

In addition to the longitudinal arches the foot ])resents a series ol transverse 
arches. At the hinder part of the metatarsus and the anterior part of the tarsus 
the arelies are complete, but in the middle of the tarsus they pnisent more th<‘ 
characters of half-doiU(!S the conc.ivitics ol which are dinictod downwards and 
inwards, so that when the inner borders ol the feet arc placed in apposition a 
coniplet(3 tarsal dome is formed. 1’he transverse arclies are strengthened by the 
intcro.sseous, plantar and dorsal ligaments, by the shoM, muscles of the first, 
and fifth toes (especially the Adductor transversus hallucis), and by the Peroneus 
longus, whose lendoii stretches across hot ween the piers of the arches. 
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T he Musclos are eoimcciied with tli<f bones, eartilaf^es, ligaments, and 
skin, I'itlier dirtietly or through the interv'ention (»f fibrous structures, 
called tendons or aponeuroses. Where a muscle is attached to bone or 
cartilage, the fibres terminate in blunt extremities upon the yjeriostoum 
or ])erichondrium, and do not come into direct relation with the osseous or 
cartilaginous tissue. Where muscles ar(( connected with the skm. they lie 
as a tlattencd layer beneath it, and ar(! cojincoted with its ar<a)lar tissue by 
larger or smaller bundles of fibres, as in tic- muscles of the face. 

The muscles vary extremely in tlu^ir lorm. In the limbs, they arii of 
considerable length, (ispecially the nioni superficial ones; they surround the 
bones, and cojistitute an im|)ortant protection to the various joints. In the 
trunk, they are broa<l, fiatteiual, and ('xpanded, forming the ^)ariet(^s of the 
cavities which they enclose. Ihuice the reason of the terms, hm(j, broad, uliorl, 
&c., us(‘d in the description of a tnuscle. 

There, is considerable variation in tin* arrangement of the fibres of c(n’tain 
muscles with refei’cmcc to the temdons to which they are attached. Iii some 
muscles the fibres arc })arall(!l and ruii directly from their origin to their 
insertion; thes(! are ([uadrilatoral muscles, such as the Thyro-hyoid. A 
jnodification of tlu'se is found in the fusiform muscles, in which the fibres are 
not quite parallel, but slightly curved, so that the inusole tapers at (utlier end; 
in their actions, however, they resemble tlm (juadi ilateral muscles. Secondly, 
in othei- muscles the fibres are convergent; arising by a broad origin, they 
c! 0 )iverge to a narrow or pointed insertion. This arrangement of libres is found 
in the triangular jnusides e.g. the Temporal. Insomc muscles, which otherwise 
would belong to the quadrilatersd or triangular ly])e. th(5 origin and insertion 
ar<i not in the same ydanc, but the plane of the line of origin intersects that 
of the line of insertion : such is the case in the Pectineus muscl(!. Thirdly, in 
some jnuscles the fibres Jir(t oblique and converge, lik(f the plumes of a quill 
p(in, to one side of a tcuidon which runs the entire length of the tnu,scle. Such 
i .iuscles .ire rhornboidal or penniform, as the Peronei. A modification of these 
rhomboidal muscles is found in thosi* eases where oblique fibres converge to 
both sides of a central tendon which runs down the middle of the muscle ; 
these are called bipenniforin, and an (‘.xainplc is atTorded in theltectus feinoris. 
Finally, we have mu.sclc8 in which the fibres are arranged in curved bundles 
in one or more plaruis, as in the Sphincter muscles. I’he arrangement of 
the fibres is of considc.rable importance in i'es[>eet to the relatives strength 
and range of movement of the muscle. Those muscles where the fibres are 
long and few in number have great range, but diminished strength ; where; 
on the other hand, the iibi’os are short and more numerous, there is great 
power, but lessened range. 

The names apf)lio(l to the various muscles h.ave been derivvid: 1, from their 
situation, as the Tibiahs, Itadialis, Ulnaris, Peroueus; 2, from their direction, as 
the Boctus abdominis, Obliqui capitis, Traiisversalis ; 3, from their uses, .‘is Flexors, 

* The Miiiielc.s and Fa.seia; arc de.'-cribed conjoinllj', in orilertliat, the .studcrit may consirlcr 
the arrangement of the latter ill his dis.seetion of the former. It is rare for tlio student of 
anatom)' in this country to have the opportuiuty of disseeting the fascim separately; and it is 
for this reason, as well as from the close connection that exists between the inu-scles and their 
investing sheaths, that they are considered together. Ijotne general observat ions are tirst 
made on the anatomy of the mu.scdes and fa.«ei8B, tbe siicciul descriptiou.s being given in 
connection with the different regions. 
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Extensors, Abduclors, &c. ; 4, from their sluipe, as the Deltoid, Trapezius. 
Rliomboideus ; o, from the number of their divisions, as the Biceps, and Triceps ; 
6, from their points of attachment, as the Hterno-cleido-mastoid, Hterno-hyokl, 
Rterno-thyroid. 

In the description of a muscle, the term oriyin is meant to imply its iiiore fixed 
or central atta<‘hment; and the term imertion the movable point on which the 
force of the, muscle is applied ; but the origin is absolutely fixed in only a very 
small number of muscles, such as those of the face which are attached by one 
extremity to the bone, and by the other to tin* movable integument; in the greater 
number, the muscle can be made to act from either extremity. 

In the dissection of the muscles, (he student should pay especial attention to 
the exact oriyin, inscHiott, and nctions of eacli, and its more imjiortant rdalionft 
with surrounding parts. While aceurati' knowledge of the points of attachment of 
the muscles is of great importance in the determination of their actions, it is not to 
be regarded as conclusive. 'I'he action o1 a muscle deduced from its attachments, 
or even by jmlling on it in the dead subject, is not necessarily its action in the- 
living. By pulling, for example, on the Bractiio-radialis in the caiclaver the hand 
may be slightly supinatc'd when in the jtrone position and slightly pronated when 
in thci^supinc- jio.sition, but there is no c'videnee that these actions are performed 
by the muscle during life. If is impossible for an individual to throw" into action 
any c)ne muscle ; in other words, movememts, not musc;les, jirc represented in the 
central nc-rvous .system. To carry out a movement a dc'fiuite c-ombinatioii ol 
muscles is callc'd into play, and the individual has no power etther to Ic'ave emt a 
muscle from this combination, or to add one to it. One (or more*) muscle of the 
combination is thc^ chief moving force; when this muscle passers over more than 
one joint other muscles (.syncirgic- musedes) come into play to iidiibit the movt'- 
ments )iot recpiiivd : a thiicl set of muscle's (fixation muscles) fix the lind)- i.e. in 
the case of the limb-mo\ c'menls-- and also ])rev('nt di.sturbanc-c's of the ecpiilibrimu 
of the body generally. As an exam])le. the movc'mcnt of the; closing of the* fist 
may be consiclered: (1) the prime movers are the Fh'xores digitorum. Klc'xor longus 
poliicis, and tin' small mascles of fh(‘ thund): (2) the .synergic muscle's are the 
Extensorc'.s carpi, which prc'vc'ut flc'xioii of the WTist; while' (.‘5) the', fixation musc'les 
arc' the Bicc'ps and Tiiceps, whicdi stceach the c'lbow and shcadde'.r. lurther point 
which must be' beirnej in mind in c'onsiclering the actions of muscle's is that in 
ce-idain positions a movc'Uient c.an be effected by greivity, and in such a c.ese* tlu' 
musc'lt',s acting .ire the aiitagoni,stsof those' w hich might be siipjioseel to be in actieni. 
Thu.'i ill flexing the' trunk when no re'.sistanc'e is interpo.sed the' Ereec-tores spina' 
contract tei re'gulate the ac'tion of gravity, and tins Becti abdominis are relaxed.* 

By a consideratiein of the action of tj;e musc'leis, the .surgeon is able to explain 
tlie causes ed displacement in various forms of fracture!, and the eaiises which 
lu'oduco di.stortieni in various clcteninities, and, consecjue'ntly, to adopt ajipropriate* 
treatment in eac.li case. Tlie re'lations, also, of some of the muscles, eispecially 
those ill immediate apposition with the larger" hlood-vesscls, and the surface- 
markings they produce, .slicndel bo carefully reniernbere'd, as they form useful 
guides in the application of ligature's to those vc'.ssels. 

Applied 'Degeneration of muscular tissue is important clinically, and is 

met with in two mam c'onclitiims. In one, the degeneration is myopathic', or primary in 
the muscles themselves ; iti the' other it is neurojiatliie, or sc'condary to some* lesion of the 
nervous system—a haemorrhage into the brain, for example;, or injury or inflammation of 
some part of the spinal c-ord or pc'ripheral nerves. In cither ea.se more or lc.ss paralysis 
and atro])li v of the affecitcfd muscles rc'sult. When the degeneration begins primarily in 
till' muselc'^, however, it often happens that though the musele-fibres waste aw'ay, their 
place is t.ikc ‘11 by fibrous and fatty tissue to such an extent that the affected muscles 
ineivase in voliimo, and actually ajipear to hy|X!rtro 2 )hy. 

Ossification ot musc'ular tissue as a result of reiicatcid strain or injury is not infrcicjuc-nt. 
It is ottenest found about the tc'iidon of the Adductor longus and Vastus internus in horse¬ 
men. or in t.hc' Peeioralis major and Deltoid of soldicirs. It may take the form of exostoses 
firmly fixed to tlie tione - -e.g ' rider’s bone ’ cm the femur (pagef)73)—or of layers or sjiieulcs 
of bone lying in the muscles or their fascia' and tendons. Busse states that these bony 
deposits are prcajc-ded by a luemorrbagie myositis due to injury, the effused blood organising 
and being finally converted into bone. In the rarer disease, progressive myositis ossificans, 


• Con.snlt in this connection the ('rnoiii.an liCelures (lUO.'l) on ‘ Muscular Movements and 
their representation in the Central Xenous System,’ by Charles E. Hecvor. M.D. 
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there is ;in unexplained tendeney for practically any of the voluntary muscles to become 
converted into solid and brittle bony masses which are completely rigid. 

TeiulovJi are white, glistening, fibrous cords, varying in length and thick¬ 
ness, sometimes round, sometimes flattened, of considerable lengtli, and 
dev'oid of elasticity, Tliey consist almost entirely of white fibn)us tissue, 
the fibrils of which have an undulating ciourse parallel with each other and 
ar(‘ firmly united together. They are very sparingly supplied with blood¬ 
vessels, the smaller tendons ])ro8en(.ing in their inlerior no trace of them. 
Nei\-es supplying tendons have sjjecial modifications of their terminal fibres, 
named organs of Golgi (see page 62). The tendons consist principally of 
a substfince which yields gelatin. 

Ainmcuroscs are flatteiu'd or ribbon-shaped tendons, of a pearly-white 
c(*lour, iridescent, glistening, and similar in structure to the tendons. They 
an* only sparingly suf)plied with blood-vessels. 

The tendons and aponeuroses are connected, on the one hand, with the 
niiiseles, and, on tiie otluw hand, with the movable structures, as the bones, 
cartilages, liganieiits, and fibrous membranes (for insttmee, the sclera). 
Where tin; mu.seular fibres are in a direct line with those of the tendon or 
aponeurosis, the tu'o are direcdly (iontmuous, the muscular fibre being 
distinguishiible from that of the tendon only by its striation. But when' the 
muscular fibres join the tendon or aponeurosis at an oblique angle, the former 
terminate, iiceording to Kollikcr, in I'ounded extremities which an^ ree-eivt'd 
into corresponding depressions on the surface of (he latter, the connective 
tissue botwee.n the fibres being continuous with that of the tendon. The 
laltei- mode of attachment oi'cuis in all the jKiniiiform and bipcuinifonn muscles, 
and in tho,s(' muscles the tendons of wlueli eomnionee in a n\e,nibranous 
form, as the Gastrocnemius and iSoleus. 

'Fhe fnuriiv are fibro-areolar or aponeurotic lamina*, of variable thickm'ss 
ajid strenglh, htund in all jcgions of tht! body, investing the softer and more 
delicali' organs. The faseia^ have been subdivided, fi'om the situations in 
nhieh they are found, into two groups, superficial and deep. 

'Fhe fin per liciul fascia is found immediately beneath the integument over 
allhost th(' entire surface of the body. It comiecds the skin with the deep 
fascia, and consists of fibro-ar<'olar tissue, containing in its meshes jjcllicles 
of fat in varying quantity. In thet eyelids and scrotum, where fat is rarely 
dej)osited, this tissue is very liable to serous infiltration. The sujjcrficial 
fascia varies in thickness in different ])arts of the body ; in the groin it is 
so thick as to be capable of being subdividiid into .several laminae. Bencatl. 
the fatty layer of the su|K'rficial fa.scia, which is immediately subcutaneous, 
there is generally another layer of the same stJ'ucture, comparatively devoid 
of adipose tissue, in nhich the trunks of ihe subetutaneous vessels and nerves 
ar<' found, as the superficsial epigastric vessels in the abdominal region, the 
: qieifiei.ll veins in the forearm, the sajihenous veins in the leg and 
thigh, and the superficial lymphatic glands. (Certain cutaneous muscles also 
a.j-e situab'id in the su}>erficial fascia, as the Platysma in the neck, and tins 
Orbicularis paljicbrarum around the eyelids. 'Fhis fgseia is most distinct, 
at the low'er part of the abdomen, the scrotum, perinseum, and extremities; 
it is very thin in those regions where muscular fibres are inserted into the 
integument, as on the side of the m*ek, the face, and around the margin of 
the anus. It is very dense in the scalp, in the palms of the hands, and soles 
of the feet, forming a fibro-fatty layer, which binds the integument, firmly to 
the underlying structures. 

The superficial fascia connects the skin to the subjacent parts, facilitates 
the movement of the skin, serves as a soft nidus for the passage of ve.sscls 
and nerves to the integument, and retains the warmth of the body, since the 
fat contained in its areol® is a bad conductor of heat. 

Tlie deep fascia is a dense, inelastic, unyielding fibrous membrane, forming 
sheaths for the muscles, and in some cases affording them broad surfaces 
for attat'-hment. It consists of shining tendinous fibres, placed parallel iiith 
one another, and connected together by other fibres dispostsd in a nictilinear 
manner. It forms a strong investment which not only binds doun 
collectively the muscles in each region, but gives a separate sheath to each, 
as well as to the vessels and nerves. The fascia* are thick in unprotected 
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situations, as on the outer side of a limh, and thinner on the inner side. 
The deep fasci® assist the muscles in their actions, by the dcg^ of tension 
and pressure they mahe upon their surfaces; and, in certain situations, 
where they are strengthened by the presence in them of degenerated 
muscular fibres which have become converted into fibrous sheets, the degi’ee 
of tension and pressure is regulated by the associated muscles, as, for instance, 
by the Tensor fasciie femoris and (iluteus njaximus in the thigh, by the Biceps 
in the upper and lower extremities, and Palmaris longus in the hand. In 
the limbs, the fascia? not only invest the entire limb, but give off septa which 
separate tlie various muscles, and arc attached beneath to the periosteum : 
these prolongations of fuscige arc usually spoken of as intiTmuscular septa. 

Tlie Muscles ant] Pascia* may be aiTanged, according to the general di\ihioii 
of the body, into those of the cranium, face, and neck ; those of the tuink ; 
those of the upjier extremity ; and those of the lower t'xtremity. 


MITSCLEJS K\S(’LB OF 


'I’HF t'HANIUM AND J’ACE 


The Muscles of the Cranium and Fact* eonsist of ten groujis, aii.uiged 
according to the ivgioii in uhieh tlie> ai-e situated. 


I. Cranial Region. 
II. Auricular Region. 

III. Palpebral Region 

IV. Orbital Region. 

V. Nasal Region. 


VT. Maxillary Region. 

VII. Mandibular Region. 

\’III. Intermaxillary Region. 

IX. Temporo-mandibular Region. 
X. Pterygo-mandibular Region. 


of tliese groups are tlui following : 


The muscles cont ained in each 

1. Cranial Jiegioii. 
Occipito-frontalis. *. 

II. Auricvlar lUgion. 

AMrahens auriculam. 

Attollens auriculam. 

Retralieiis auriculam. 

III. Valpehral Begion. 
Orbicularis palpebrarum.'■■tit-. > 
Tensor tarsi. 

Corrugator supercilii. 

/ V. Orbital Begum. 

Jjcvator palpcbra? siijierioris 
Rectus superior. 

Rectus inferior. 

Rectus internus. 

Rectus externus. 

Obliquus oeiili superior. 

Obliquus oeuli inferior. 

V. Nasal Beaion. 
Pyramidadjs'iiasi. Ca'. 

♦ (■v Levator labii superioris alseque nasi. 
Dilatator riaris posterior. 

Dilatator naris anterior. 


Compressor naris. 

Compressor narium minor. 
l)e})ressi>r ala* nasi. 

VI. Marillai if Begion. 
Levator labii superioris proprius. 

Levattir nnguli-tiris. ’ .^ 

Zygoniaticus major. 

ZygomaticuH minor. 

VII. Mandibular Begion. 
Levator .menti. 

DltpfeS^b^Kdiii infelroris. 

]>?pressor angiili oris. 

/ 1 ‘ . I , 
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VIII. Interm/i.villary Begion. 
Orbicularis oris. 

Buccinator. 

Risorins. 

IX. Temporo-mandibular Begion. 
Masseter. 

Temporal..' 

A'. IHerijgo-mawlibulw Begion. 
Pterygoideus externus. 
I’teiygoidcuB internus. 


I. CiiANi.Ai. Region 
Occipito-frontalis 

The superficial fascia in the cranial region ia..a fihrp-fatty 

layer , intim ately adherent to the integument, and to the Occipito-frontalis 
and its tendinous aponeurosis ; it is co ntinuou s, b elj.ja d. with the superficial 
fascia at the back part of t he neck; aiiiOatoally, is continued over the 
temporal fascia. It ..CQjitaiue between its layers the superficial vessels and 
nerves and much granular fat. 




occiput to the oyebrovv. It oonaptB o f two musoular bellies, oonneoted by an 
uitewning tendinous aponeurosis, the epicranial aponeurosis. The occiyUal 
porlMji,{ra. occipitalis} is Ihm, quadrilateral in form, and about an men "flUKl 
a lialt m length; H' a n fl fB fro m the outer two-thirds of the superior pawed>v» 
hue of the occipital toncTand from the mastoid portion of the temporal. Ita 


Flo. 481.—Muscles of the head, face, and neck. 



fibies of oijgin are tci)diuoub, but liny soon betome musculai, and ascuid in 
a p<iiallel diiection to teiminate m the tendinous aponeurosis. The jro ntal 
fHjrlton (m frontalis) is tlun, of a quadrilateral foini, and uj) uuatelyaJIhSreut 
to the superficial fascia. It i s bioadti/.and its fibies are longer and paler 
in ooloui than those of the ociipital poll ion. It has no bony atlaclimcnts. 
Its in| pfnn.l fibcR H arc contmuous with those of (he Pyraimdali** nasi. Ite 
Huddle,Ahrea become blended with the Conugator supeiciJn and Orbicularis 
paApebramm; and tlie outer fibraa are also blended "witli the lattei muscle 
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over the external angular process. From thesp attachme nts the fibre_s are 
directed upwards, and joi n the ^pnfiltfoeis below the coronal suture. The 
inner, ipg^gins of the frontal portions of the two muscles are joined together for 
some distance above the root of the nose ; but betw'een tlie occipital portions 
there is a considerable, though variable, interval, which is occupied by llie 
aponeurosis. 

Tlie epicranial aponeurosis (fijbJfvi. apoi>f!Ui:oti,(ut) uo a etH the upper part 
of the vertc'x of the skull, being continuous across the middle line Avith the 
aponeurosis of tlie op 2 )Osite muscle, ^pchin d. ,jt. itL..att ach ed, in the interval 
l)otween the occipital origins, to the occipital protuberance and highest 
lines of the occipital bone ; in frnn L.it. fc^ms a short and narrow prolongation 
between the frontal |x»rtioiis. On either side it gives or iain to the Attollens 
and Attrahens muscles of tlie pinna ; in this situation it loses its aponeurotic 
character, and is .continued uver the temporal fascia to the zygoma as a layer 
of laminated areolar tissue. Tliis aponeurosis is closely conneplpd ,to_tho 
integument by the firnij dense, fibrp^fatty layer which forms thp superficial 
f Scia : it, 2 ;otiru-«‘ti>fi with the })erior»iuum by loose cellular tissue, which 
allows of a considerable degree of movement of the aiioneurosis, carrying 
pjtl) it the integument. 

(* Iferves.—TJui,.jjfpjital.portion, is supplied by tlie.tcinppriil branches of the, facial 

nyive ; the occipital poition by thnspwstcrior auricular branch of tlie..same ncrvi*. 

Actions. —XUttJAontal portion of the muscle raises the. nynhrows and the skin 
oxfir.thc root of the nose, and at the same time draws the., scali) forwards, throwing 
the iiiteguiueiit of the forehead into transverse wrinkles. post erio r iiortion 

draws the scalp backwards. By bringing alternately into action tlie frontal and 
oecii)ital portions the entire seal]) may be moved forwards and backwards. In 
the ordinary action of the, muscles, the eyebrow's ai'e elevated, and at the same 
time the aponeurosi,s is fixed by tlie posterior portion, thus giving to the face the 
exjnession of surpri.se: if the action be exaggerated, the eyebrow's are still 
further raised, a'lnl the skin of the forehead thrown into transverse wrinkles, as 
in the exiiression of iright or horror. 

Applied Anatomy. --Fniin an anatomical xioint of view, the sealji eonsi.sls of five iaj^er.s. 
viz, the skin, subeuiatieous tissue, Oeei])ito-froatalis muscle and its a^ionenrosis. sub¬ 
aponeurotic connective tissue, and ixirieraaium. But from a surgical standpoint it is 
better to regard the first, three of these structurc.s as a single layer, since tJicy are all 
intimately fused together, and ivheii torn off in an accident, or turned down as a flap in 
a surgical operation, remain tirinly eonneeted to each other. In couscquciice of the 
dense charant,er of th«“ subcutaneous tissue, the amount of swelling which occurs as the 
result of intlaminatinn is slight ; and the edges of a wound which does not involve the 
tiocipito-frontalis muscle or its aponeurosis do not gape. The blood-vessels, also, which 
lie in this tissue, w hen w ounded. are unahle to contract and retract freely ; and therefore 
the ha-morrhage from scalp wounds is often very considerable, but <!aii always bo arrested 
by pressure—a matter of great importance, as it is often very difficult or impossible ti> 
pick up with forceps a wounded vessel in the scalp. 

Tlie subaponeurotic, connective tissue is, from a surgical point of view, of considerable 
importance. It is loose and lax, and is easily tom through ; and hence, when a flap 
wound occurs in the scalp, this is the tissue which is torn when the flap is separated from 
the parts beneath. The vessels are therefore tom down with the flap, and there is Uttlo 
risk of sloughing, unless the vitality of the part has been actually destroyed by the injury. 
In consequence of its loose nature and feeble vitality, any septic inflammation is apt 
to assume a very diffuse form and spread all over the skull, and, unless relieved by timely 
incisions may lead to serious complications. Owing to the attacRmonts of the aponeurosis 
to the zygoma and highest curvim Une, subaponeurotic effusions sag down in these situa¬ 
tions, but do not extend beyond to the zygomatic fossa or into the neck ; but anteriorly, 
where there is no definite attachment to bone, the effusion will pass down over the nose, 
and into the eyelids. When making incisions into the scalp, care should be taken to avoid 
the course of the main arteries. 

The skin of the scalp is abundantly supplied with sebaceous and Budorii>arous glands. 
The former are sometimes the seat of cystic enlargement, constituting the so-called sebaceous 
cysts or loens. 

II. Atjuiculak Region (fig. 481) 

Attrahens auriculani. Attollens auriculam. 

Iletrahens auriculam. 

These three small muscles are placed immediately beneath the skin around 
the pinna. In man, in whom the pinna is almost immovable, they arc 
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rudimentary. They are the liotnologues of large and important museles in 
some ot the mammalia. 

Tlic Attrahens auricuiam (m. auriculariB anterior), the smalloBt of the 
three, is thin, fan-shaped, and its fibres are pale and indistinct. It arises from 
tlie lateral edge of the aponeurosis of the Occipit o-frontalis, and its fibres converge 
to be inserted into a projection on the front of the helix. 

The Attollens auricuiam (m. auricularis superior), the largest of the three, 
is thin and fan-shaped. Its fibres arise from the aponeurosis of the Occipito¬ 
frontalis, and converge to be inserted by a thin, flattened tendon into the 
upper part of the cranial surface of the pinna. 

The Retrahens auricuiam (m. auricularis posterior) consists of two or 
three fleshy fasciculi, which arise from the mastoid portion of the temj)ornl 
bone by short aponeurotic fibres. 'I'hey are inserted into the lower part of 
the <'ranial surface of the c-oncha. 

Nerves.—The Attrahens and Attollens auricuiam are supplied by the temporal 
branch of the facial nerve ; the Hetrahens auricuiam is su])plicd by the posterior 
auricular branch of the same nerve. 

Actions.—In man. these muscles p()sse,ss very little action : the Attrahens 
atirieulam draws the ear forwards and up\.ards ; the Attijllens auricuiam slightly 
raises it; and the Retrahens auricuiam draws it backwards. 


III. Palpkbkal IvKoiox (figs. 4K1 and 4S2) 

Orbicularis p alp e b raTnin. Ten.sor tarsi. 

(lornigator snp(‘rcilii. 

'flic Orbicularis palpebrarum (m, orbicularis oculi) is a s])binct(M' muscle 
wliicli surrounds the circumference of the orl)il and eyelids. It arises from 


Fi(!. 482.—Lc‘f( Orbicularis jaiipeliraiuin, seen from behind. (From Toldfs .Alliis. 
j)ul>lishcd hy Robman, l..td., London.) 


Froninl fiiiiii.i 


Fdljii'hriil portion 
oj Orhirulnnx 
/ntlpi-hrariim 


Corriiffator 

niiprrrihi 



0 rill 111 arch 

I’livctn 

larrimnlia 


Tcnnor farni 
Lachrymal sac 

Lachrymal groorc 


()rhital portion of Antrum of 

Orbicularis palpebrarum ilighmorc 


the internal angular process of the frontal bone, from the frontal process 
of the maxilla in front of the lachrymal groove for the nasal duct, and 
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from the anterior surface and borders of a short tendon, the tendo ocvli^ 
or irUernul tarsal ligament, placed at the inner angle of the orbit. From this 
origin, the fibres are directed ourivards, forming a broad, thin, and flat layer, 
wMch covers the eyelids, surrounds the circumference of the orbit, and spreads 
out over the temple, and downwards on the cheek. Xhfi. p alpeb ral iiorti on 
(pars palpebralis) of flic Orbicularis is thin and pale ; it arises iroirTtbebifuf- 
cation of the tendo oculi, forms a series of concentric curves, and is inserted 
Jv. into the external tarsal ligament. The orbital portion (pars orbitalis) is thicker 
and of a reddish colour : its fibres arc well developed, and form complete 
ellipses. The upper fibres of this portion blend with the Occipito-frontaUs and 
Cfwrugator supercilii. . . i.,.i .i - T, ■, 

^The tendo ocuU^ or itvlenml tarsal ligament, is a short tendon, about two 
lines in length and ofte Tn breadth, att-aehed to the frontal process of the maxilla 
in front of the laohiyinal gniove. iJrossing the lachrymal sac, it divides 
into two parts, each division being attached to the inner extremity of the 
corresponding tarsal plat('. .As the tendon crosses the lachrymal sac. a strong 
aponeurotic lamina is gi\'en oil' from the posterior surface, which expands over 
the sac, and is attached to the ridge on the lachrymal bone. This is the 
reflected iiiuojMiuro.sjj of the tendo oculi. 

The ^rJhal wrmU 'Rgaitmit'is a mudi weaker structure than the tendo 
It is attached to the margin of the frontal process of the malar hone. 


.'W)uli. 

j^.and passes inAvards to the outer eoinmissurc of the eyelid, whe.re it divides 
into two sli])s, Avhich arc attached to the margins of the respective tai’sal 
plates. 

^ 5 ^ The Tensbf tarsT 6Tmuscle of'Horner (pars lacrimalis m. orbicularis oculi) 
small thin muscle, about three linos in breadth and six in length, situat(‘d 
at the inner side of the orbit, behind the tendo oculi and lachrymal sac; 
(tig. 4S2). It arises from the crest and adjacc?it part of tin; orbital surface 
of the lachrymal bone, and passing across the hichrymal sac, divides into 
two sli])s, which cover the lachrymal canals, and are inserted into the tarsal 
plates intermil to the puncta lacrhnalia. Its fibres appear to b(i continuous 
with those of the ])alpebral ])ortion of the Orbicularis palpebrarum, fron) 
which they are usually considei’cd to bo derived ; it is occasionally veiy 
indistinct. 


The Corrugator supercilii is a small, naiTow, pyramidal muscle, placed 
at the inner extremity of the eyebrow, bemeath the 0<!cipito-frontalis and 
Orbicularis palf)ebrarum muscles. It arises from the inner extremity of the- 
suptwciliary ridge; Avhence its fibres pass upw'ards and outwards, between 
thts palpebral and orbital portions of the Orbicularis palpebrarum, and ar<5 
irisertodf into the deep surfac(^ of the skin, opposite the middle of the oj'hital 
arch. 

Nerves. —Th(( Orbicularis palpebrarum, OoiTugator supercilii, and Tensor 
tarsi are supplied by the facial nerve. 

Actions. —The Orbicularis palpebrarum is the aphincter ,muscle of the eyelids. 
The .palpebral portion acts involuntarily, closing the lids gently, as in sleep or in 
blinking; thp_prbicular portion is subject to the will. When the eptire muscle 
is brought into action, the skin of the forplicad, temple, and clnsek is (kawn inwards 
towards the inner angle of the orbit, and the eyelids are firmly closed, as in photo¬ 
phobia. When the skin <)f the forehead, temjilc, and cheek is thus drawn inwards 
by the action of the muscle it is thrown into folds, especially radiating from the 
outer angle of the eyelids, which give rise in old age to the so-called ‘ frnw*K feetiL. 
The Levator palpebrse is the direct antagonist of this muscle ; it raises the upper 
eyelid and exposes the globe of the eye. Each time the eyelids are closed 
through the action of the Orbicularis, the tendo oculi becomes tightcsried, and 
draws the wall of the lachrymal sac outwards and forwards, so that a vacuum is 
made in it, ajid the tears are sucked along the lachrymal canals into it. The 
draws the eyelids and the extremities of the lachr 3 nnal canals inwards 
and compresses tlicui against the surface of the globe of the eye ; thus placing 
them in the most favourable situation for receiving the tears. It serves, also, to 
compress the lachrymal sac. The Gorrugator. napmmUi draws the eyebrow down¬ 
wards and inwardis, producing the vertical wrinkles of the forehead. It is the 
‘ frowning ’ muscle, and ma\ be regarded as the principal agent in the expression 
of Buffering. 
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IV, OnBiTAL Region 

Levator palpebrae superioris. Rectus internus. 

Rectus superior. Rectus extemus. 

Rectus inferior, Obliquus oeuli superior. 

Obliquus oeuli inferior. 

The Levator palpebra superioris (%. ^83) is tliin, fiat, and Irianprular 
in shajje. It arises from the under surface of the lesser wing of <he sphenoid. 
abo\'e and in front of the optie foramen, from wliicli it is sei)arated by t he origin 


I'lO. 483.—Sagittal section of right orbital cavitA'. 
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of tlie Superior reetus. At its origin, it is narrow and tendinous. ))ut soon 
becomes bioad and Ih'shy. and t(‘rmina.t«'S anteiioiiy in a wide expansion 
whieJi s])li(s into three lamelLe. Tin* superlieial lamella blends witl) the 

Fi({. 484.— Maseles ol right orbit. 



superior palpebral ligament, and is prolonged forwards above_ the superior 
tarsal plate to the palpebral part of the Orbicularis palpcbraj’um, and to 
the deep surface of the skin of the upper eyelid. The middle lamella, largely 
made up of non-striped muscular fibres, is inserted into tlie upper margin 


* .A (.(«, \ 
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of the superior tarsal plate, w'hilst the deepest lamella blends with an expansion 
from the sheath ot the Superior rectus^ and with it is attached to the superior 
fornix of the conjunctiva. 

The Four Recti (fig. 484) arise from a fibrous ring (annulus tendineus 
communis) which surrounds the upjKT, inner, and lower margins of the optic 
foramen and encircles tlie optic nerve. The ring is completed by a little 
tendinous bridge j)rolonged over the lou'er and inner part of the splwnoidat~ 
j. fi s sur e and attached to a tubei'cle on the margin of the greater wing of the 
sphenoid, bounding the sphenoidal fissure (fig. 486). Two specialised j)arts of 
this fibrous ring may be made out: a lower, the lujament or tendon of Zimi, 
which gives origin to the Inferior rectus, part of th(‘ Internal rectus, and the 
lower head of origin of the External rectus ; and an upper, which gives oiigin 
«to the Superior rectus, tlie rest of the Interim] rectus, and the upper head of 
tlu! External rectus. 'Phis upper band is sometimes ternmd the mperinr 
te.rulon of Lockwood. EiU'li muscle passes forward in the position implied by 
its name, to be inserted by a tendinous expansion ijito tin* sclera, about a 
cpiarter of an’meli from tlie margin of the cornea. Between the two lieads (tf 
tJie External loctus is a mi now interval, through which pass the two divisions 
of the third nerve, the nasal braneli of tlm ophthalmic division of the liftli 
nerve, the sixth nerve, and the oplitliahnie vein. Altliouglj tliese nuiseles 
jH’esent a common origin and are inserted in a similar manner into the sclera, 
there are- certain dilTerences to be observed in them as regards their 

length and breadth. The Internal 
Fin. 4S.5.--Tli; rela ive posilioris of rectus is tlie broadest, the External thi' 
the origins of tin aniseles ol the longest, and the Superior the thinnest and 
left eyeball. narrow I'st. 


Tlic Obllquus oculi superior is a 
z.i-iator I fusiform muscle, plaeed at the ujiper 

sujH-rw,Itj orbit, internal lo 

Ol,}„iH,ISrior ^ tlie Levator palpebrie. It arises inime- 

jerLdiately above the inner margin of the 

optie foramen, above and internal lollie 
origin of the Superior rcetus, and, jiassing 
forwards to the inner angle of the orbit, 
terminates in a rounded tendon, which 
r \ T plays in a fibro-eartilaginous ring or 

' ' \ ' pulley attached to tlie trochlear fossa near 

iiniiis iiifiTwr y /,»«■.///,«,/ the, internal angular process of the frontal 

bone. The eontiguous surffuies of the 
tendon and ring are lined by a delicate synovial membrane, and enclosed in 
a thin fibrous investment. The tendon is reflected backwards, outwards. 


flevlHi J 
iutfruud 






iif'ifns iu/fnor 


and dow'nwards beneatJi the Superior rcetus to the outer part of the globe 
of the eye, and is inserted into the sclera, behind the equator of the 
eyeball, the insertion of the niusele lying between the Superior and External 
recti. 


'Phe Obliquus oculi inferior is a tiiin, narrow- muscle, plaeed near tlie 
anterior margin of the orbit. It arises from the orbital plate of tlie maxilla, 
external to the lachrymal groove. Passing outwards, backwards, and upwards, 
between the Inferior rectus and the flooi- of the orbit, and then between the 
eyeball and the External rcetus, it is inserted into the outer ])art of the 
sclera between the Superior and External recti, near to, but sonuwvhat 
behind, the insertion of the Superior oblique. 

Nerves.— The Levator jialpebrie, Inferior oblique, and the Superior. Inferior 
and Internal recti are supplied by the, third nerve ; the Superior oblique, by the 
fourth ; the External rectus, by the sixth. 

Actions.—The Levator palpebra* raises the upper eyelid, and is the direct 
antagonist of the Orbicularis palpebrarum. The four Recti are attached to the 
globe of the eye in such a manner that, acting singly, they will turn its corneal 
surface either upwards, downwards, inwards, or outwards, as expressed by their 
names. The movement produced by the Superior or Inferior rectus is not quite 
.a sirajde one, for inasmuch as each passes obliquely outwards and forwards to the 
eyeball, the elevation or depression of the ooniea is accompanied by a certain 
deviation inwards, with a slight amount of rotation. These latter movements 
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are coiTectod by the Oblique muscles, the Inferior oblique correcting the deviation 
inwards of the Superior rectus, and the Superior oblique that of the Inferior 
rectus. The contraction of the External or Internal rectus, on the other hand, 
produces a purely horizontal movement. If any two contiguous Recti of one eye 
act together they carry the globe of the eye in the diagonal of these directions, 
viz. upwards and inwards, upwards and outwards, downwards and inwards, or 
downwards and outwards. A little consideration will show that sometimes the 
corresponding Recti of the two eyes act in unison, and tat others the opposite 
Recti act together. Thus, in turning the eyes to the right, the External rectus 
of the right eye will a(!t in unison wath the internal rectus of the left eye ; but if 
both eyes are directed to an object in the middle line at a short distance, the 
two Internal recti will act in unison. The movement of circumduction, as iii 
looking round a room, is perfornuid by the succ(!ssivc ac.tion of the four Recti. 
The Gblique muscles rotate the eyeball on its antcro-posterior a.xis, the Superior 
direc.ting the cornea downw'ards and outwards, and the Infcwior directing it 
upwards and outwards : these movements ar(> ro.quijed for the correct viewing of 
an object when the head is moved laterally, as from shoulder to shoulder, in 
order that the picture may fall in all respects on tlie sann*. part of the retina ot 
either eye. 

Faseix of the orbit.--The connective tissues of the orbit is in various 
places condensed into thin membranous 1 avers, which may be conveniently 
described as (1) the orbital fascia; (2) tlie sbcallis of the muscles; and 
(3) the fascia, of the eyeball. 

(1) The orbital JusHa. This forms the periosteum of the orbit. It is 
loosely connected to the bones, and can be readily separated from them. 
Rebind, it is conneet(Hl with the dura mater by ]irocesse,s wdiicli pass through 
the oplit! foramen and sphenoidal fissun*. and with tin; sheath of the optics 
nerve. In front, it is (fotmecRid Avifh the periosteum at the margin of the 
orbit, and sends off a process Avbieb assists in forming the palpebral fascia. 
Krom its internal surface two processes are given off : one to enclose the 
lachrymal gland, the other to hold the pulley of the Superior oblique muscle 
in position. A layer of non-striped museh*, the Orbilalis muscle of H. Mull<;r. 
may he seen bridging aci'oss the splieno-inaxillary fissure. 

(2) The sheaths of the muscles give off expansions to the margins of the 
orbit, which limit the action of the muscles. 

(3) 'Phe fascia of the eyeball —Tenon’s capsule—will he di'seribed with the 
anatomy of the eyeball. 

Applied Anatomy. —The positions and exact points of insertion »)f the tendons of the; 
IntiTiuil and External recti into the globe should be carefully examined from the front 
of the eyeball, .as the surgeon is often required to divide one or other of the museles for 
the euro of strabismus. In convergent strabismus, which is tlu! more common form of 
the disease, the eye is turned inwards, rcfiuiring the division of the Internal rectus. In 
toe divergent form, which is more rare, the eye is turned outwards, the External rectus 
being especially imjilieated. The deformity produced in either case is to be remedied by 
division of one or the other muscle. The operation is thus f)crformed : the lids are to 
l)(j Avell separated ; the eyeball is rotated outwards or inwards, and the conjunctiva raised 
by a pair of forceps, and incised immediately beneath the loww Imrder of the tendon 
of the muscle to be divided, a little behind its insertion into the sclera ; the submucous 
areolar tissue is then divided, and into the small ai)erture thus made, a blunt hook is 
passed upwards between tins muscle and the glolw, and the tendon of the muscle divided 
by a pair of blunt-pointed scissors passed between the hook and the globe. 

A more recent o})cration is that ot ndwncemcrd in which either the Internal or External 
rectus (dejHiiiding on the form of strabismus) is shortened. The muscle is exjmsed in the 
same manner; a portion is then cut out of it and the cut ends arc sewn together. 

V. Nasal Region (tig. 486) 

Pyramidalis naai. Dilatator naris anterior. 

Levator labii superioris alseque nasi. Compressor naris. 

Dilatator naris posterior. Compressor narium minor. 

Depressor aim nasi. 

The PiTimrrtnln waii (m. procerus) is a smairpyramidal slip placed over 
the nasal bone. Its origin is by tendinous fibres from the fascia covering the 
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lower part of the nasal bone and upper part of thepartilage, where it blends 
with the Compressor naris, and it is inserted into the skin over the lower 
part of the forehead between the two eyebrows, its fibres decussating with 
, those of the Oceipito-frontalis. 

rf The Levator labit superioris alsque nasi is a thin triangular muscle, 
K^laced by the side of the nose, and extending between the inner margin of 
, „ the orbit and th(^ upper lip. It arises by a pointed extremity from the upper 
> part of the frontal pro(!Oss of the maxilla, and, passing obliquely downwards and 
outwards, divides into two slips, ont) of which is inserted into the cartilage of 
the Ala of the nose ; the other is prolonged into the upper lijj, blending with 
tlie Orbicularis oris and Levator labii superioris proprius. 

The Dilatator naris posterior is a small muscle, which is placed partly 
beueatli the elevator of the nose and lip. ll ,arisea from the margin of the 
nasal notch of the maxilla, and from the seAalmoid cartilages, and is inserted 
into the skin near Ihe margin of the nostril. 

Dilatator naris anterior is a thin delicate fasciculus, passing from 
the cartilage of the ala of tlie nose to the int(‘gument near its mai'gin. This 
muscle is situated in front of the pr(*eoding. 

TJje Compressor naris is a small, tlun, triangular muscle, arisijig by 
its apex from the tnaxiUa, above and a little external to the incisive fossa : 
its fibres proceed upwards and inwards, ex])a.nding into a thin aponeurosis 
which is continuous on the bridge of the nose with that of the muscle of th(' 
opposite side, and with the aponeurrtsis of the Pyramidalis nasi. 

The Compressor narium minor is a small muscle, attached by oue end 
to the alar cartilage, and by the other to tJie integument at the end of the 


nose. 

Tlie Depressor als nasi is a short radiated muscle, .arising from the 
incisive fossa of the maxilla ; its fibres ascend to be inserted into the septum, 
and back part of the ala of the nose. This muscle lies'between the mucous 
membrane and muscular structure of the lip. 

Nerves.—All the muscles of this grouj) uri* supplied by the facial nerve. 

Actions.—The Pyramidalis nasi draws down the inner angle, of the eyebrows 
and produces transverse wrinkles over the bridge of the nose. The Levator labii 
superioris aliccjue nasi draws upwards the upper lip and ala of the nose : its most 
important action is upon the, nose, which it dilates to a considerable extent. The, 
action of this muscle produe,es a marked influence over the countenance, and 
it is the principal agent in the ex])ros.siori of contcni])t and disdain. The two 
Dilatatores enlarge the aperture of the nose. Their action in ordinary breathing 
is to resist the tendeiiey of the nostrils lo close from atmospheric pressure, but 
in difficult breathing, as well as in some emotions, such as anger, they may b(*, 
noticed to las in violent action. The Depressor alaj nasi is a direct antagonist 
of th(>, other muscles of the nose, drawing tins ala of the nose downwards, and thereby 
constricting the aperture of the uares. The Compressor naris depresses the 
cartilaginous part of the nose and draws the al.'c together. 


VI. MAxim,Anv Kkguo.n (fig. 486) 

Levator labii superioris proprius. Zygomaticus major. 

Levator anguli oiis. Zygomaticus minor. 

The LeyajH* labii superioris proprius is a thin muscle, of a quadrilateral 
form. It arises from tlie lower margin of the orbit immediately above the 
infra-orbital foramen, some, of its fibres being attached to the maxilla, others 
to the malar bone ; its fibres converge to be inserted into the muscular sub¬ 
stance, of the ujiper lip, between the attachment of the Levator labii superioris 
alaique nasi and tlie l^evator anguli oris, 

TlMr.Levator aoguli oris (m. caninus) arises from the canine fossa, imme¬ 
diately below th(? infra-orbital foramen; its fibres incline downwards and a 
little outwards, to bo imserted into the angle of the mouth, intermingling 
with those of the Zygomaticus major, the Depressor anguli oris, and the 
Orbicularis oris. 

The Zji^omaticus major is a slender fasciculus, which arises from the 
malar bone, in front of the zygomatic suture, and descending obliquely down- 
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wards and inwards, is inserted into the angle of the mouth, where it blends 
with the fibres of the Levator anguli oris, the Orbicularis oris, and the Depressor 

anguli oris. . i v v j 

The Zyfomaticus nunoir arises from the malar bone, immediately behmQjr,.t 
the maxillary suture, and passing downwards and inwards, is continuous 
with the Orbicularis oris at the outer margin of the Levator labii supenons. 

It lies anterior to the preceding. 


I'lO. 486.—Muscles of the head, face, and neck. 



Nerves.— This group of muscles is supplied by the facial nerve. 

Actions.—The LevateBJalw -Buperior^ is the proper elevator of the upper hp, 
carrviug it at the same time a little forwards. It assists in forming the naso-lajiial 
ridge, which passes from the side of the nose to the upper lip and gives to the face 
an expression of sadness. The Levator anguli oris raises the angle of the 
and assists the Levator labii superioris in producing the naso-labim ndge. ihe 
Zygomaticus major draws the angle of the mouth backw^ards and upward^ as 
in laughing; while the Zygomaticus minor, being inserted into the outer part ot 
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the upper lip and not into the angle of the mouth,' draws it backwards, upwards, 
and outwards, and thus gives to the face an expression of sadness. 

VII. Mandibular Region (fig. 486) 

Levator menti. 

Depressor labii inferioris. 

Depressor anguli oris. 

The Levator bienti (m. mentalis) or Levator labii inferioris is a small 
conical fasciculus, placed on the side of the frasnum of the lower lip. It 
arises fro m the incisive fossa, external to the symphysis menti; its fibres 
descend t.n he inserted into the integument of the chin. 

The Depressor labii inferioris (m. quadratus labii inferioris) is a small 
quadrilateral muscle. It arises from the external oblique line of the mandible, 
between the symphysis and the mental foramen, and passes obliquely up¬ 
wards and inw'^ards, to be inserted into the integument of the lower lip, its 
fibres blending wath the Orbicularis oris, and with those of its fellow of the 
^)^site side. It is continuous with the fibres of the Platysma at its origin. 
T^iis muscle contains much yellow fat intermingUid with its fibres. 

The Dei^essor angnli oris (m. triangularis) is triangular in shape, arising ^ 
by its broad base, from the external oblique line of the mandible, whence its 
fibres pass upw’^ards, to be inserted, by a narrow' fasciculus, into the angle of 
the mouth. It is continuous. W'ith the Platysma at its origin, and with the 
Orbicularis oris and Risoriu-s at its insertion, and some of its fibres arc directly 
continuous with those of the Levator anguli oris. 

Nerves.—This group of muscles is supplied by the facial nerve. 

Actions.—The Levator menti raises and protrudes the lower hp, and at the 
same time wrinkles the integument of the chin, expressing doubt or disdain. , The 
Depressor labii inferioris draws the lower lip directly downwards and a little 
outwards, as in the expression of irony. The Depressor anguli oris depresses 
the angle of the mouth, being the antagonist of the Levator anguU oris and 
ZygomaticuB major; acting with the Levator anguli oris, it ivill draw the angle 
of the mouth directly inwards. 

VIII. Intermaxillary Region 
Orbicularis oris. Buccinator. Riaorius. 

The Orbicularis oris (fig. 486) is not a simple sphincter muscle like the 
Orbicularis palpebrarum, but consists of numerous strata of muscular fibres 
having different directions and surrounding the orifice of the mouth. These 
fibres are partially derived from the other facial muscles which are inserted 
into the lips, and are partly fibres proper to the lips themselves. Of the 
former, a considerable number are derived from the Bueginator and form the 
deeper .stratum of the Orbicularis. Some of the Buccinator fibres—namely, 
those near the middle of the muscle—decussate at the angle of the mouth, 
those arising from the maxilla passing to the lower lip, and those from the 
mandible to the upper lip. Other fibres of the muscle, situated at its upper 
and lower part, pass across the lips from side to side without decussation. 
Superficial tcPSiis stratum is a second, formed on either side by the Levator 
and Depressor anguli oris muscles, which cross each other at the angle of the 
mouth; those from the Depressor passing to the upper lip, and those from 
the Levator to the lower lip, along which they run to be inserted into the 
skin near the median line. In addition to these there are fibres from other 
mu.scles inserted into the lips, the Levator labii superioris, the Levator labii 
superioris alsoquo nasi, the Zygomatic!, and the Depressor labii inferioris; 
these intermingle with the transverse fibres above described, and have prinoi- 
p^ly an oblique direction. The proper fibres of the lips are oblique, and pass 
from the under surface of the skin to the mucous membrane, through the 
tliicknesB of the lip. Finally there are fibres by which the muscle is 
connected with the maxillse and the septum of the nose and with the mandible. 

In the uppei lip these consist of two bands, inner and outer, on each sid.e of ^ 



INTERMAXILLARY REGION 


467 


the middle line ; the outer band {m. incisivua superior) arises from the alveolar 
border of the maxilla, opposite the lateral incisor tooth, and arching outwards 
is continuous at the angle of the mouth with the other muscles inserted into 
this part; the inner band (m. nasolabialis) connects the upper lip to the back 
of the teptum of the nose. The interval between the two inner bands corre¬ 
sponds with the depression, called the philtrum, seen on the lip beneath the 
septum of the nose. The additional fibres for the lower lip constitute a slip 
{m. inciaivus inferior) on either side of the middle line which arises from 
the man^ble, external to the Levator labii inferioris, and arches outwards to 
the angle of the mouth, to join the Buccinator and the other muscles attaclied 
to this part. 

The Buccinator (fig. 494) is a broad, thin muscle, quadrilateral in form, 
occupying the interval between the jaws at the side of tlie face. It arises from 
the.m^r aurfaoes of the alveolar psooesses of the upper and lower jaws, corre- /, 
spending to the three molar teeth ; and behind, from the anterior border of the 
pterygo-mondibular ligament which separates it from tho Superior constrictor 
Of the pharynx. Th«5 fibres converge towards the angle of the mouth, where 
the central fibres interseiit oacli other, those from below being continuous with 
the upper segment of the Orbicularis oris, and tliose from above with the 
inferior segment; upxiermost and lowermost fibres continue forward 
uninterruptedly mt(3lie corresponding lip v. itliout decussation. 

Relations.—^The Buccinator is in relation by its mperjicial surface, behind, with a large 
mass of fat, 't^ch separates it fi-om the ramus of the lower jaw, from the Massetor, and 
from a stnall^iortion of the Temporal, and which has been named the ya^tUkl pad, 
because it is supposed to assist in the act of sucking. In front the superficial surface of 
the Buccinator is in relation with the Zygomatici, Bisorius, Levator onguli oris. Depressor 
anguli oris, and Stenson’s duct which pierces it opposite the second molar tooth of 
the upper jaw ; tho facial artery and vein cross it from below upwards ; it is also 
crossed by the branches of the facial and buccal nerves. The deep surface, is in relation 
with the buccal glands and mucous membrane of the mouth. 

The pterygo-rmndihular ligament is a tendinous band, derived from tho 
deep cervical fascia and attaclied by one extremity to the hamular process 
of the internal pterygoid jdate, and by the other to the posterior extremity of 
the internal oblique lino of tlie mandible. Its inner surface is covered by the 
mucous membrane of the mouth. Its outer surface is separated from the 
ramus of the mandible by a quantity of adipose tissue. Its posterior border 
gives attachment to the Superior constrictor of the pharynx ; its nnterioi 
border, to the fibres of the Buccinator (see fig. 494). 

The Risorius consists ol a narrow bundle of fibtiss, which arises in tJie 
fascia over the Massetor muscle and, passing horizontally forwards, is inserted 
into the skin at the arigh' of tlie mouth (fig. 486). It is placed sujierficial to 
the Platysma, and is broadest at its outer extremity. This muscle vai'ies 
much in its size and form. 

Nerves.—The muscles in this group are all supplied by the facial nerve. 

Actions.—The Orbicularis oris in its ordinary action produces the direct 
closure of the lips; by its deep fibres, assisted by the oblique ones, it closely 
applies the lips to the alveolar arch. The superficial part, consisting principally 
of the decussating fibres, brings the Ups together and also protrudes them forwards. 
The Buccinators contract and compress the cheeks, so that, during the process of 
mastication, the food is kept imder the immediate pressure of the teeth. When 
the cheeks have been previously distended with air, the Buccinator muscles expel 
it from between the lips, as in blowing a trumpet. Hence the name {buccina, a 
trumpet). Tho Risorius retracts the angles of the mouth, and produces the 
unpleasant expression which is sometimes seen in tetanus, and is known as ‘ risus 
sardonicus.’ 

IX. Tempoeo-mandibitlab Region 
M asseter. Temporal. 

Masseteric fascia. —Covering the Masseter muscle, and firmly connected 
with it, is a strong layer of fascia, derived from the deep cervical fascia. Above, 
r this fascia is attached to the lower border of the zygoma, and behind it invests 
the parotid gland, constituting the parotid fascia. 
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The Masseter (fig. 486) is a short, thick musde, somewhat quadrilateral in 
form, consisting of two portions, superficial and deep. The superficial portion, 
the larger, arises by a thick, tendinous aponeurosis from the xndar process of 
the maxilla, and from the anterior two-thirds of the lower border of the 
zygomatic arch : its fibres pass downwards and backwards, to be inserted into 
the angle and lower half of the outer surface of the ramus of the mandible. 
T he deep p ortion is much smaller, and more muscular in texture; it arises 
from the posterior third of the lower border and the whole of the inner surface 
of the zygomatic arch ; its fibres pass downwards and forwards, to be inserted 
into the upper half of the ramus and the outer surface of the coronoid process 
of the mandible. The deep portion of the muscle is partly concealed, in front, 
by the superficial portion ; behind, it is covered by the parotid gland. The 
fibres of the two portions are continuous at their insertion. 

Relations.—^The Masseter is in relation by its superficial surface with the integument, 
Platysma, Bisorius, Zygomatici, the parotid gland and socia parotidis, and with Stenson’s 
duct, and the branches of the facial nerve and the transverse facial vessels which cross 
it. By its deep surface, it is in relation with the insertion of the Temporal muscle, the 


Fig. 487.—The Temporal muscle ; the zygoma and Masseter have been removed. 



ramus of the mandible, the Buccinator and the long buccal nerve from which it is 
separated by a mass of fat. The masseteric nerve and artery enter it on its deep 
surface. Its posterior margin is overlapped by the parotid gland. Its anterior margin, 
which projects over the Buccinator muscle, is crossed below by the facial vein. 

The ten^bral fascia covers the Temporal muscle. It is a strong, 
fibrous investment, covered, on its out?^ iSurfaco, by tlie Attrahens and 
Attollens auriculam muscles, the aponeurosis of the'Occipito-frontalis, and 
by part of the Orbicularis palpebrarum. The temporal vessels and the 
auriculo-temporal nerve cross it from below upwards.' Above, it is a 
single layer, attached to the entire extent of the upper temporal ridge; 
but below, where it is attached to the zygoma, it consists of tw-o layers, 
one of which is inserted into the outer, and the other into the inner border of 
the zygomatic arch. A small quantity of fat, the orbital branch of the 
temporal artery, and a filament from the orbital or temporo-malar branch of 
the superior maxillary nerve, are contained betw'een these two layers. It 
af!h>rd8 attachment by its inner surface to the' superficial fibres of the Temporal 
muscle. 
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The Temporafl (m. temporalis) (fig. 487) is a broad, radiating muscle, 
situated at tne side of the head, and occupying the entire extent of the 
temporal fossa. It arises from the whole of the temporal fossa (gxgept that 
portion of it which is formed by the malar bone) and from the surface 
of the temporal fascia. Its fibres converge as they descend, and terminate 
in a tendon, which is inserted into the inner surface, apex, and anterior border 
of the coronoid process, and the anterior border of the ramus of the mandible, 
nearly as far forwards as the last molar tooth. 

Relations.—The Temporal is in relation by ite swperficM aurface with the integument, 
the Attrahons and Attollens auriculam muscles, the temporal fascia, the sui)erficial 
temporal, vessels, the auriculo-temporal nerve, the temporal branches of the facial and 
temporo-malar nerves, the aponeurosis of the Occipito-frontalis, the zygoma, and the 
Masseter. By its deep surface, it is in relation with the temporal fossa, the External 
pterygoid and part of the Buccinator muscles, the internal maxillary artery, and its 
deep temporal branches, the deep temporal nerves, and the buccal vessels and nerve. 
Behind the tendon are the masseteric vessels and nerve. Its anterior border is separated 
from the malar bone by a mass of fat. 

Nerves. —Both muscles are supplied by the inferior maxillary nerve. 


X. PTBllY(iO-MANDIBULAB BeOION (fig. 488) 

Ptorygoidcus externus. Ptcrygoideus intemus. 

The Ptcrygoideus externus is a short, thick muscle, somewhat conical in 
form, which extends almost horizontally between tlie zygomatic fossa and the 
condyle of the mandible. It arises by two heads, separated by a slight interval; 
the upper from the inferior portion of tlic external surface of the gi’cater wing 


Fig. 488. —The Pterygoid muscles; the zygomatic arch and a portion of the 
ramus of the jaw have been removed. 



of the sphenoid and from the pterygoid ridge which separates the zygomatic 
from the temporal fossa; the lower from the outer surface of the external 
pterygoid plate. Its fibres pass horizontally backwards and outwards, to 
be inserted into a depression in front of the neck of the condyle of the 
mandible, and into the front of the inlerarticular fibro-cartilage of the 
temporo-mandibular articulation, ' ^^ 
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Relations. — By its extenud surface it is in relation with the ramus of the lower jaw, 
the internal maxillary artery, which crosses it,* the tendon of the Temporal muscle, and 
the Masseter. Its internal surface rests against the upper part of the Internal pterygoid, 
Oj,^e intemal lateral ligament, tlie middle meningeal artery, and the inferior maxillary nerve; 
by its upper harder it is in relation with the temporal and masseteric branches of the 
inferior maxillary nerve ; by its lower border it is in relation with the inferior dgnts^Md 
lingual nerves, trough the interval between tlie two portions of the muscle,'the buccal 
nerve emerges and the intemal maxillary artoiy passes, Mhon the trunk of this vessel lies 
on the lower part of the muscle (see fig. 488). 

The Pteiygfoideus internusis a tliick, quadrilateral muscle, and resembles 
the Masseter in form. Tt arises from the pterygoid fossa, being attached to 
the inner surface of the external pterygoid plate, and to the grooved surface 
of the tuberosity of the palate bone, and by a second slip from the outer 
surface of the tuberosities of the palate and maxilla; its fibres pass down- 
w'ards, outwards, and backwards, to be inserted, by a strong tendinous 
lamina, into the lower and back part of the inner side of the ramus and angle 
of the mandible, as high as tin* dental foranum. * . f { vV 

Relations.—By its external svriace it i.s in relation with the ramus of the mandible, 
from which it is separated, at its upper part, by the External iiterygoid, the internal 
lateral ligament, the intemal maxillary artery, the inferior dental vessels and nerves, the 
lingual nerve, and a process of tlie parotid gland. By its internal surface it is in relation 
with the Tensor palati, being separated from the Superior constrictor of the pharynx 
by a cellular interval. 

Nerves.— These muscles are supplied by the iulcrior maxillary nerve. 

Actions.—The Temporal, Masseter and Internal pterygoid raise the mandible 
against the maxilla' with gtoat force. The External pterygoids assist in opening 
the moutli, but their main action is to draw forward the condyles and inter- 
articular cartilages so that the miindible is protruded and the inlerior incisors 
projected in Iront of the upper ; in this action they are assisted by the Internal 
jitervgoids. The mandible is retracted by the jiostenor fibres of the Tempoial. 
If the Intemal and External pterygoids of one side act, the corresponding side of 
Ihe mandible is drawn forward while the opposite condyle remains comparativi'ly 
fixed, and lateral movement, such as occurs during the trituration of food, takes 
place. 

Surface Form.- The outline of the muscles oi the liead and fai-e cannot bo traced on 
tho surface, except in the case of two oi the masticatory muscles. 'J’he niusclcs of 
the head are lliin, so that tho outline oi the bone is perceptible beneath them. Those ot 
the face are small, colored by soft skin, and often by a considerable layer of fat, so that 
their outline is concealed; l>ut tliey serve to round off and smooth prominent bordcis, 
and to fill up what would bo otherwise unsightly angular depressions. Thus, the Orbi¬ 
cularis palpebrarum rounds oft the prominent margm ot the orbit, and the Pyramidalis 
nasi tills in tho sharp depression beneath the glabella, and thus softens and tones down 
the abrupt depression which is seen on tho unulotbod skull. In like manner, the labial 
muscles, converging to the bps, and assisted by tho suiierimposed fat, fill in the sui^cn 
hollow ot the lower port of tho face. Although the muscles of the face are usually described 
us arising from the bones, and inserted into tho nose, lips, and comers of the moutli, they 
have fibres inserted into the skin ot the face along their whole extent, so that almost 
every point oi the skin of the face has its muscular fibre to move it. Hence it is that when 
in action tho fapjal muscles produce alterations in tho skin-surface, giving rise to the 
formation of vaKous folds or wrinkles, or otherwise altering the relative position of parts, 
so as to produce the varied expressions with which the face is endowed; those muscles 
ore therefore termed the ‘ muscles of expression.’ ITie only two muscles in this region 
which greatly influence surface-form are the Masseter and the Temporal. The Masseter is 
a qua^ilatoral muscle, which imparts fulness to the hinder part of tho cheek. "When 
the muscle is firmly contracted, as when tho teeth are clenched, its outline is plainly 
visible; tho anterior border forms a prominent vertical ridge, behind which is a con¬ 
siderable fulness, especially marked at the lower part of the muscle. Tho Temporal muscle 
is fan-shaped, and tills the temporal fossa, substituting for it a somewhat convex form, 
the anterior part of which, on account of the absence of hair over the temple, is more 
marked than the posterior, and stands out in strong relief when the muscle is in a state 
of contraction. 


• In many ca»es the artery will bo found under cover of the muscle. 
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MUSCLES AND FASCIAi: OF THE NECK 

•* 

The muscles of tke neck may be arranged into groups, corresponding with 
the regions in which they are situated. 

These groups are nine in number ; 


I. Superficial Region. V. Phalangeal Region. 

II. Infrahyoid Region. VI. Palatal Region. 

III. Suprahyoid Region. VII. Anterior Vertebral Region. 

IV. Lingual Region. VIII. Lateral Vertebral Region. 

IX. Muscles of the Larynx. 


The muscles contained in each of these groups arc the following : 


I. Superficial Region. 

Platysma. 

Stenio-cleido-mastoid. 


II. Infrahyoid Region. 
Sterno-hyoid. 
Sterno-thyroiiT 
Thyro-hyoid. 
Onio-hyoid. 

III. Suprahyoid Region. 
Digastric. 
Stylo-hyoid.* 
Mylo-hyoid. 
Genio-hyoid. 




IV. Lingual Region, 
j Genio-liyo-glossus. 

! Hyo-glossus. 
Chondro-glossus. 
Stylo-gloHsuB. 
\Palato-glossus. 

I Superior lingualis. 
Inferior lingualis. 

I Transverse lingualis. 

' V'4Ttical lingualis 


V. Pharyngeal Region. 

Inferior constrictor. 


Middle constrictor. 

Superior constrictor. 
Stylo-pharyngeus. 
Palato-pharyngeus. 
Salpingo-pharyngeus. 

VI. Palatal Region. 

Levator palati. 

Tensor palati. 

Azygos uvuIje. 

Palato-glossus. 

Palato-pharyngeus. 

Salpingo-pharyngeus. 

VII. Anterior Verid)ral Region. 
Rectus capitis anticus major. 
Rectus capitis anticus minor. 
Rectus capitis lateralis. 
Longus colli. 

VIII. Lateral Verteht'al Region. 
Scalenus anticus. 

Scalenus medius. 

Scalenus posticus. 

IX. Muscles of the Larynx 

Included in the descri|»tion of 
tlie Larynx. 


I. Superficial Cervical Region 
Platysma. Sterno-eleido-raastoid. 

The superficial cervical fascia is a thin lamina, which is hardly demon¬ 
strable as a separate membrane. It invests the Platysma. 

T h e P l at g Sffl a (fig. 486) is a broad, thin plane of muscular fibres situated 
on the side of the neck. It . aj‘ i a es by thin, fibrous bands from the fascia covering 
the upper part of the Pectoralis itiajor and Deltoid; over the 

clavicle, and proceed obliquely upwards and inwards mong’^ the side of the 
neck. The anterior fibres interlace, below and beliind the symphysis menti, 
with the fibres of the muscle of the opposite side; the posterior fibres pass 
over the m^dible, some of them being attached to the bone below the 
external oblique line, others passing on to be inserted into the skin and 
^jheutaneoM tissue of the low'er part of the face, many of these fibres 
blending with the muscles about the angle and lower part of the mouth. 
Sometimes fibres can be traced to the Zygomatic muscles, or to the margin of 
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the Orbicularis oris. Beneath the Platysma, the external jugular vein may 
be seen descending from the angle of the mandible to the clavicle. 

Actions. —The Platysma produces a slight wrinkling of the surface of the skin 
of the neck, in an oblique direction, when the entire muscle is brought into action. 
Its anterior portion, the thickest part of the muscle, depresses the lower jaw; it 
also serves to draw down the lower lip and angle of the mouth on each side, being 
one of the chief agents in the expression of melancholy. 

Tlie deep cervical fascia (fig. 489) lies under cover of the Platysma, 
and constitutes a complete investment for the neck. It also forms sheaths for 


Fio. 489.—Section of tlie neck at about the level of the sixth cervical vertebra. 
Showing the arrangement of the deep cervical fascia. 
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the carotid vessels, and, in addition, is prolonged deeply in the shape of 
certain processes or lamcllse, which come into close relation with the structures 
situated in front of the vertebral column. 

The investing poHinn jg ^,ttn^hAd h^hind to the ligamentum 

nuchse and to the spine of the seventh cervical vertebra. It forms a thin 
investment to the Trapezius muscle, and at its aT»t.t»rinr..botder is c ontinued 
forwards as a rather loose areolar layer, covering.the posterior triangle of the 
neck, the posterior border of the Stemo-mastoid muscle, where it begins 
to assume the appearance of a fascial membrane. Along the hinder edge of the 
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Sterno-maHtoid it divides tp the muarle, and tbf* fl.nt,p.rinr .maxgin 

again t Qnn a.a single lamella, which roofs in the anterior triangle of the neck, 
and reafijjpa forwards to the middle line, to become continuous with the 
corresponding part from the opposite side of the neck. In the middle line of 
the neok it is attached to the symphysis menti and body of the hyoid bone. 

Ahnvp^ the fascia is a ttached to the superior curved lino of the oceipitahto 
the mastoid process oFUTc temporal, and to the Avhole length of the body of 
the maudiblo. Opposite the angli* of the mandible the fascia is very strong, 
and l^inda the anterior edge of the Sterno-mastoid firmly to that bone. 
Between the mandible and the .ma«toid process it ena}ieathcs the parotid 
gland- the layer Mhich covers the gland extending upwards under the name 
of the paralid ^ancin to be fixed to the zygomatic arch. From the layer 
which passes under the parotid a strong band extends upwards to the styloid 
process, forming the stylo-mandibiihr Ugame.iU. Three other bands may be 
defined: the spheno-mandibular, the pterygo-mandihular and the pterygo-»pinous 
hgurnentn. The plfrygo-spinoas ligament is amembranous band which stretches 
across from the upper half of the posterior fn^e border of the externid 
pterygoid plate to the spinous process of the sj)henoid. It occasionally ossifies, 
and produces between its utiper border and tin* base of the skull, an adven¬ 
titious foramen which transmits the branches of the third division of the fifth 
nerv'c to the muscles of mastication. 

HfilfflB'j the lascia is attached to the acromion process, tlie clavicle, and the 
nianuhrium sterni. Some litth* distance ft.bove the last, however, it sjdits 
into two lay(*rs, superficial and deep. The former is attached to the ant«'rior 
border of the manubrium, the latter to its posteiior border and to the inter- 
clavicular ligament. Bctwc(‘n these two layers is a slit-like interval, the supra¬ 
sternal space, or space oj Bunts. It contains a small quantity of areolar tissue, 
and sometinu's a lymphatic gland, the lower portions of the anterior jugular 
veins and their transverse connecting branch, and also the sternal heads of 
the Sterno-mastoid muscles. 

The fascia which linqg the deep surface of the Sterno-niastoid gives off 
tiu* following important processes. (1) A. pm a a ss enveloi>s the tendon of 
the Omo-hyoid, and binds it down to the sternum and fimt costal cartilage. 
(2) A strong sheath, the encloses the carotid artery, internal 

jugular vein, and pneumogastric nerve. (3) T.hp. pnyeriehral fascia extends 
inw'arils behind the carotid vessels, where it assists in'torrumg tTieir sheath, 
and ])as.ses in front of the ])revertebral muscles. It foims the posterior 
limit of a fibrous compartment, which contains the larynx and trachea, the 
thyroid gland, and the pharynx and <x*soj>hagus. I’he provertebral fascia is 
fixed above to the base of the skull, wdiile below it is contmued into the thorax 
in front of the Ixmgus <‘olli muscles. J^arullcl to the carotid sheath and along 
its inner aspect the pr«*vcrtebral fascia gives off a thin lamina, the huccn- 
pharytujculJascia, whicli closely invests the ('onstrictor muscles of the jiharynx, 
and is continued tonvard from the Su|>erior constrictor on to the Buccinator. 
It is attached to the prevertebral layer by loose connective tissue only, and 
thus an easily distended space, the rt:tro-pha^ypii c a l sp ace, is found bctw'een 
them. This space is limited above by the base otiffie skiiU, w'hile below' it 
extends behind the msophagus into the thorax, w'here it is continued into 
the jKisterior mediastinum. The prevertebral fascia is prolonged downwards 
and outwards behind the carotid vessels and in front of the Scaleni, 
and forms a sheath for the brachial nerves and subclavian v essels in the pos¬ 
terior triangle of the neck; it is continued under the clavicle as the axillary 
sheath and is attached to the deep surface of the costo-coracoid membrane. 
Imniediately above and behind the clavicle an areolar space exists between 
the investing layer and the sheath of the subclavian vessels, and in its upper 
portion are found the low'er part of the external jugular vein, the descending 
elavicidar nerves, the suprascapular and transversalis colli vessels, and the 
posterior belly of the Omo-hyoid muscle. This space is limited below by 
the fusion of the costo-coracoid membrane wdth the anterior wall of the axillary 
sheath. (4) Hhe pretracheal fascia extends inwards in front of the carotid 
vesi^ls, and Assists' in forming the carotid sheath. It is further continued 
behind the depressor muscles of the hyoid bone, and, after env'eloping the 
thyroid body, is prolonged in front of the trachea to meet the corresponding 
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layer of the opposite side. Above, it is fixed to the hyoid bone, whila.,below^; 
is carried downwards in front of the trachea and large vessels at the root of \ 
the neck, and ultimately blends with the fibrous pericardium; This layer 
is fused on either side with the prevertebral layer, with which it completes 
the compartment containing the larynx and trachea, .the .thyroid gland, the 
pharynx and oesophagus. 

Applied Anatomy .—The deep cerrioal fascia is of considerable importance from a 
surgical point of view. As will be seen from the foregoing description, it may be ‘' 
divided into three layers: (1) an investing layer; (2) a layer passing in front of the 
trachea, and forming T^tb the superficial layer a. sheath for the depressors of the hyoid 
bone ; (3) a prevertebrm layer passing in front of the bodies of the cervical vertebra, and 
forming with the second layer a space in which is contained the trachea, oesophagus &c»^ 
The investing layer would oppose the extension df abscesses towards the surface, and pus ' 
forming beneath it would have a tendency to extend laterally. If the pus be contained in 
the anterior triangle, it may find its way into the anterior mediastinum, being situated 
in front of the layer of fascia whii^ passes down into the thorax to become continuous 

Fro. 490.—Muscles of the neck. Lateral view. 



with the pericardium ; but owing to the less density and thickness of the fascia in this 
situation it mofo: frequently finds its way through it and points above tihe stwnum. 
Pus forming beneath the second layer would in all probability find its way into the 
posterior mediastinum. Pus forming behind the prevertebral layer, in cases, for 
instance, of caries of the bodies of the cervical vertebrae, mig^t extend towards the 
posterior and lateral part of the neck and point in this situation, or might perforate 
this layer of fascia and the pharyngeal fascia and point into the pharynx (retro-pharyngeal 
abscess). 

In cMes of cut throat the cervical fascia is of considerable importance. When the 
wound involves only the investing layer the injury is usually trivial, the special danger 
being injury to the external jugukr vein, and the special complication, diffuse cellulitis. 
But where ue second of the two layers is opened up, important structures may be injured, 
and serious results follow. 

The sternal head of origin of the Stemo-mastoid is contained in Burns’s space, so 
that this space is opened in division of this tendon. The lower part of the anterior 
jugular vein is also contained in the same space. 
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** «Sf'Prnn*nia^tt>id (m. stemocleidomastoideus) (fig. 490) is a large, thick • 
muscle, wmch Easggg^ obligijcly^aiCjosp the side of the neck, being encl osed 
the two JammsB of the investing layer of the deep oervioaT fa&ia. 

It IS thick and narrow at its central part, but broader and thinner at either 
extremty. It juises ]by_JaEu. bfitids from the sternum and clavicle. The 
4toSllLjX?rii{jn is a rounded fasciculus, tendinous in front, fleshy behind, which 
arises from the upper and anterior part of the manubrium sterni, and is 
. directedupward8,outwards, and backwards. l!h^.i^vicuicir portion arises from 
^e superior border and anterior surface of the inner third of the clavicle, 
being composed of fleshy and aponeurotic fibres ; it is ^jrected almost verti- 
oaUy upwards. These two portions are separated from one" another at their 
by a triangular interval, but become gradually blended, below the 
middle of the neck, into a thick, rounded muscle which is inser ted, by a strong 
tendon, jftto the outer surface of the mastoid processi) from its apex to its I 
superior border, and by a thin aponeurosis into the outer half of the superior 
curved line of the occipital bone. The Sterno-mastoid varies much in its 
extent of attachment to the clavicle : in one case the clavicular may be as 
naraow as the sternal portion ; in another, as much as three inches in breadth. 
When the clavicular origin is broad, it is occasionally subdivided into numerous 
shpf^ 8eparat<*d by narrow intervals. More rarely, the adjoining margins of 

have bee’ found in contact. 

_ TUMi...inuscle divides the quadrilateral area of the side of the neck intn tKQ. 
J^riaj^lles, au autariur and a..posterior. The boundaries of the anterim triangle' 
are, m front, the median line ol the neck ; above, the lower border of the body of 
the mandible, and an imaginary line drawn from the angle of the mandible to 
me Sterno-mastoid ; behind, the anterior border of the Sterno-mastoid muscle. 

4 triangle is at the upper border of the sternum. The boundaries 

ititumle are, in fnilit, the posterior border of the Sterno-mastoid ; 
billow, the middle third oi the clavicle; behind, the anterior margin of the 
Irapexms. The apex corresponds with the meeting of the Sterno-mastoid and 
rrajM'zius on the oeri])ital bone.* 


PI Py its fiuperficial surface if n, in ielation with the integument and 

at^ma, from whieh it is separated by the external jugular vein, several ot the 
sujH’rlicial brauehes of the eerijodl plexus, and ttie anterior layer of the deep cervical 
aseia. By its deep surface it is in relation with the stcrno-elavieular artieulatiun, the 
process of the dee]> eeiMcal fascia whicli lands the posterior belly of the Omo-hyoid to 
e stOTuum aiKi clavicle, the Sterno hyoid, Steriio-thyroid, Omo-hyoid, posterior belly 
o no Digastric, Levator anguli soapulie, .Splcnius and Sealeni muscles, the common carotid 
artery, the intormd and anterior jugular veins, the origins of the internal and external 
eani i ar the occiiiital, subclavian, transversahs colli, and suprascapular arteries 
phrenic, ^ iineumogustric, hyjKiglosBal, descendens and commumeaiites 
yp )g ossi nerves, the spinal accessory nerve which pierces its upiier third, the cervical 
? ^ “f the brachial plexus, parts of the thyroid and parotid glands 

and their vessols, and the deep lymphatic gland^ 


Actions.-When on y one Sterno-mastoid muscle acts, it draws the head 
towards the shoulder oi the same side, assisted by tjie Spleiiius and the Obliquus 
capitis inlcrior of the opposite side. At the same time it rotates the head so as 
to carry the face towards the opposite side. If the head be fixed, the two muscles 
assist m elevating the thorax in forced inspiration. Acting together fiom their 
st^o-clavicular attachments the muscles will flex the cervical part of the 
vertebral column, ^ 


?^*^n** Flatysma is supplied by the facial nerve; Strrnr 

luaajtaiftjjy tihf* spinal *ooooooBy.«ad brauehes from the anterior printarv. divirions 
ot^tnp second and t.hinii cervical Bcrwes. 


antonor edge of the muscle forms a very prominent ridge beneath 
f a guide lo the surgeon in making the necessary incisions for 

ligature of the common or external carotid artery, or of the internal jugular vem. 
an,* J'he smgicol anatomy of the Stemo-mastoid muscle is of import- 

with the ^formity known as wry--neck, which is due to a contracted 
condition of this muscle. The wry-neck may be temporary, as the result of direct 


tlie neck* fally described with that of tlic vesselb of 
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irritation of the muscle or of the nerves which supply it,andmayoootur in acute glandular 
enlargement, cellulitis of the neck, myositis of the muscle, or cervical caries. It may, 
however, be permanent, and is then most often due to injury to the muscle during birth, 
especially in breech presentations ; rupture of the muscle and subsequent cicatricial 
contraction taking place. In these cases, division of the muscle is often necessary to effect 
a cure, and this may be done either subcutaneously or through an open wound. The' 
subcutaneous method is thus performed : the external jugular and anterior jugular veins 
having been, if possible, defined, a tenotomy knife is introduced close to the margin of 
one tendon of origin of the muscle, about half an inch above the clavicle, and the teno¬ 
tome passed flat behind the tendon and then turned forwards, and the tendon divided 
from l^hind forwards while the muscle is put Avell upon the stretch by an assistant. The 
other tendon is then divided in a similar manner. In dividing the clavicular origin. It is 
always desirable to introduce the tenotome along the posterior border, in order to avoid 
the external jugular vein. The open method is, however, much to be preferred, as being'-" 
the more effectual and the less dangerous, if precautions are taken to keep the wound 
aseptic. The tendons of origin are freely exposed by a horizontal incision across the root 
of the neck and carefully divided ; any tense bands of fascia which can be felt should 
also be divided. The womid is now sutured and dressed, and the head fix«Hl in as straight 
a position as possible. 

llicro is also a condition coming on in adult life (spasmodic torticollis), which is a very 
distressing form of functional nervous disease. It begins with tonic or clonic spasm of 
one of the Stomo-mastoids, which is soon followed by spasm of the Trapezius, particularly 
its clavicular portion. The Splenius of the opposite side, the ScalenJ, Complex!, and 
lYachelo-mastoids, may all liecome involved in turn, with secondary contracture of the 
deep cervical fascia. Operation in these oases often faik to give satisfactory results. 
Tenotomy of the affected muscles or section of the nerves supplying them may afford 
temporary relief, but the spasm often returns when the cut nerves or muscles rejoin. 


IT. IXFBAHYOID REGION (figs. 490, 491) 

Storno-liyoid. Thyro-hyoid. 

Stemo-thyroid. Omo-hyoid. 

Tlyj gfpmn-hynid (m. stcrnoliyoideus) is a thin, narrow, riband-like 
muscle, w%ich anses'from the posterior surface of the inner extremity of the 
clavicle, the posterior sU'mo-clavicular ligament, and the upper and posterior 
part of the manubrium sterni; passing upwards and inwai-^, it is inserted, 
by short, tendinous fibres, into the lower border of the body of the hj^id boHe. 
Below, this muscle is separated from its fellow by a considerable interval; 
but the two muscles come into contact with one another in the middle of 
their course, and from this upwards, lie side by side. It sometimes presents, 
immediately above its origin, a transverse tendinous intersection, like those 
in the Rectus abdominis. 

The Sterao-thyroid (m. sternoth^eoideus) is shorter and wider than 
the preceding muscle, beneath which it is situated. Itjudses from the p^terior 
surface of the manubrium sterni, below the origin of the Storno-hyoid, and 
from the edge of the cartilage of the first rib, and sometimes of the second 
rib also; and is inserted into the oblique line on the side of tlie ala of the 
thyroid cq^rtilage. This muscle is in close contact with its fellow at the lower 
part of the heck; and is occasionally traversed by a transverse or oblique 
tendinous intersection like those in the Rectus abdominis. 

The Thyro-hyoid (m. thyreohyoideus) is a small, quadrilateral muscle 
appearing like/ a continuation of the Stemo-thyroid. It arises from the oblique 
line on the side of the thyroid cartilage, and passes vertically upwards to be 
inserted into the lower border of the body and greater cornu of the hyoid 
bone. 

The Pmo -hyoid (m. omohyoideus) passes across the side of the neck, 
from the«!8frtfht''tW**the hyoid bone. It consists of twd fleshy bellies united 
by a central tendon. It arises lfmm the uppeFbbrder of the scapula, and 
occasionally from the transverse ligament which crosses the suprascapular 
notch, its extenl of attachment to the scapula varying from a few lines to 
an inch. Erom this origin, the posterior belly forms a flat, narrow fasciculus, 
which inclines forwards and slightly upwanls across the lower part of the 
neck, being bound down to the clavicle by a fibrous expansion; it then 

S usses behind the Sterno-mastoid muscle, becomes tendinous and changes its 
ireotion, forming an obtuse angle. It terna^fttes. in the anterior belly, which 
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passes almost vertically upwards, close to the outer border of the Stemo- 
liyoid, to 06 inserted into the lower border of the body of the hyoid bone, 
just extern^ to the insertion of the Sterno-hyoid. The central tendon of this 
niuscle, which varies much in length and form, is held in position by a process 
of the deep cervical fascia, which sheathes it. This process is prolonged down 
to be attached to the clavicle and first rib. It is by this means that the angular 
form of the muscle is maintained. 

The posterior belly of the Omo-hyoid divides the posterior triangle of the neck 
into an upper or occipital and a lower or subclavian triangle, while its anterior belly 
divides'the anterior triangle into an upper ot carotid and a lower or muscular triangle. 

Nerves. —The Thyro-hyoid is supplied by a branch from the hypoglossal 
nerve; the anterior belly of the Omo-hyoid by the descendens hypoglossi; the 
Sterno-hyoid, Sterno-thyroid, and posterior belly of the Omo-hyoid, are supplied ’ 

. FiC). 491.—Muscles of the nock. Anterior view. 





by branches from the loop of communhiation between the descendens and 
commuuicantes hypoglossi. 

Actions. These muscles depress the larynx and hyoid bone, after they have 
been drawn up Avith the pharynx in the act of deglutition. The Omo-hyoid muscles 
jiot only depress the hyoid bone, but carry it backwards and to one or the other 
side. They are concerned especially iirprolonged inspiratory efforts; for by 
rendenng the lower part of the cervical fascia tense they lessen the inward suction 
of the soft parts, which would otherwise compress the great vessels and the apices 
of the lungs. The Thyro-hyoid may act as an elevator of the thyroid cartilage 
when the hyoid bone ascends, drawing the thyroid cartilage up behind the hyoid 
bone. The Sterno-thyroid acts as a depressor of the thyroid cartilage. 


III. Suprahyoid Region (figs. 490, 491) 

Digastric. Mylo-hyoid. 

Stylo-hyoid., Genio-hyoid. 

The Digastric (m. digastricus) coasietsjai two fleshy bellies united by 
an intermediate, rounded tendon. It is a small muscle, situated below the 
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body of the mandible, and extending, in a curved form, from the mastoid; 
process of the temporal to the symphysis menti. Thfi_poster»,or hdly (venter" 
posterior), longer than the anterior, aciaea-hsom the digastric groove on the 
inner side of the mastoid process, and passes downwards, forwards, and 
inwards. The aat&riar beily (venter anterior) arises from a depression on 
the inner side of the lower border of the mandible, close to the symphysis, 
and passes downwards and backwards. The two bellies terminate in the 
central tendon which perforates the Stylo-hyoid muscle, and is held jn 
connection with the side of the body and the greater cornu of the hyoid 
bone by a fibrous loop, lined by a synovial membrane. A broad aponeurotic 
layer is given off from the tendon of the Digastric on either side, to be attached 
to the body and m-eater oomu of the hyoid bone ; this is termed the swprahyoid 
afon&uroaia. It forms a strong layer of fascia between the anterior portions 
of the two muscles, and a firm investment for the deeper muscles of the 
supra-hyoid region. 

The Digastric muscle divides the anterior superior triangle of the nock into 
smaller triangles; (1) the stibmaxillary triangle, bounded above by the lower 
border of the body of the mandible and a line drawn from its angle to the mastoid 
process, below by the posterior belly of the Digastric and the Stylo-hyoid 
muscles, in front by the anterior belly of the Digastric; (2) the carotid triangle, 
bounded above by the posterior belly of the Digastric and Stylo-hyoid, behind 
by the Stemo-mastoid, below by the Omo-hyoid; (3) the suprahyoid or sub- 
ntevial triangle, bounded externally by the anterior belly of the Digastric, internalh’ 
by the middle line of the neck from the hyoid bone to the symphysis menti and 
inferiorly by the body of the hyoid bone. 

Relations.—The Digastric is in relation by its miperjicial surl'ace with the Platysma, 
Storno-mastoid, part of the Splenius, TraohelonnBStoid, mastoid process, Stylo-hyoid, 
and the parotid gland. I’he deep surface of the anterior liolly lies on the Mylo-hyoid ; 
the deep surface of the posterior belly on the Stylo-glosaus, Stylo-pharyngeus, and 
Hyo-glossus muscles, the external carotid artery and its occipital, lingual, facial, and 
ascending pharyngeal branches, the intenml carotid artery, internal jugular vein, and 
hypoglossal nerve. 

The Stylo-hyoid (m. stylohyoideus) is a small, slender muscle, lying in 
fcooLof, and above, the posterior belly of the Digastric. iL-aiises from the 
back and outer surface of the styloid process, near the base; and, passing 
downwards and forwards, is inserted into the body of the hyoid bone, 
at its junction with the greater cornu, and just above the Omo-hyoid. This 
muscle is perforated, near its insertion, by the tendon of the Digastric. 

The siylo-hyoid ligammt .—In connection with the Stylo-hyoid muscle 
a ligamentous band, the stylo-hyoid ligament, may be described. It is a fibrous 
cord, often containing a little cartdage in its centre, which continues the 
styloid process down to the hyoid bone, being attached to the tip of the former 
and the lesser cornu of the latter. It is often partially ossified, and in many 
animals forms a distinct bone, the efihyal . 

The Mylo-hyoid (m. mylohyoideus) is a flat, triangul_arjncmscle, situated 
immediately above the anterior belly of the Digastric, and forming, with 
its follow of the opposite side, a muscular floor for the cavity of the mouth. 

It arises from the whole length of the mylo-hyoid ridge of the mandible, 
extending from the symphysis in front to the last molar tooth behind. The 
posterior fibre? pass inwards and slightly downwards, to be inserted into the 
body of the hyoid bone. The middUie and anterior fibres are inserted into a 
median fibrous raphe extending from the symphysis menti to the hyoid bone, 
where they join at an angle with the fibres of the opposite muscle. This 
median raphe is sometimes wanting; the muscular fibres of the two sides 
are then directly continuous with one another. 

‘Relations.—^Tho mylo-hyoid is in relation by its superficial or under surface with the 
Platysma, the anterior belly of the Digastric, the suprahyoid aponeurosis, me suporheial 
part of the submaxillary gland, the facial and submental vessels, and the mylo-hyoid 
vessels and nerve. By its deep or superior surface it is in relation with the Genio-hyoid, 
part of the Ilyo-glossus, and Stylo-glossus muscles, the hypoglossal and lingual nerves. . 
the Bubmaxillary ganglion, the sublingual gland, the deep portion of the submaxillaiy 
gland nnd Wfaa^n’s duct, the sublingual and ranine vessels, and the buccal mucous 
membrane. 
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The Genio-hyoid (na. geniohyoideas) is a narrow, slender muscle, situat^ 
above the inner border of the preceding. It axisea from the iiderior ge^l 
tubercl e |O n_the inner side of the symphysis meftti-r-and passes downwards 
and backwards, to & inserted into, the Miterior surface of the ‘body of the 
hyoi d hnnpi, This muscle lies in close contact with its fellow of the opposite 
side, and increases slightly in breadth as it descends. 

' Merves.— The Mylo-hyoid and anterior belly of the Digastric are supplied by 
the mylo-hyoid branch of the inferior deht^'; the Stylo-hyoid and posterior belly 
of the Digastric, by the facialthe Genio-hyoid, by the hypoglossal. 

Actions. —These muscles perform two very important actions. They raise the 
hyoid bone, and with it the base of the tongue, during the act of deglutition ; 


Fig. 492.—Muscles of the tongue. Left side. 



or, when the hyoid bone is fixed by its depressors and those of the larynx, 
they depress the mandible. During the first act of deglutition, when the mass 
of food is being driven from the mouth into the pharynx, the hyoid bone and 
with it the tongue, is carried upwards and forwards by the anterior belly of the 
Digastric, the Mylo-hyoid, and (4enio-hyoid muscles. In the second act, when 
the mass is passing through the pharynx, the direct elevation of the hyoid bone 
takes place by the combined action of all the muscles; and after the food has 
passed, the hyoid bone is carried upwards and backwards by the posterior belly of 
the Digastric and the Stylo-hyoid, which assist in preventing the return of the food 
into the mouth. 


IV. Linoual Region (fig. 492) 

Genio-hyo-glossus. Chondro-glossus. 

Hyo-glossus. Stylo-glossus. 

Palato-glossus.* 

. The Genio-hyO'glossus (m. genioglossus) has received its name from 
its triple jkttachment to the mandible, lyroid bone, and tongue, but its 

• The PaUito-glotm*, or Uomtrictor itthmi faueium, although one of the muscles of the 
tongue, serving to draw its base upwards during the act of deglutition, is more closely 
associated with the soft palate, both in situation and function ; it will, consequently, be 
described with the muscles of that structure (p. 486). 
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connection with the hyoid bone is very slight and may be altogether absent. It 
is a flat, triangular muscle, placed vertically close to the middle line, its ape.$ 
corresponding with its point of origin from the mandible, its.base with its 
insertion into the tongue and hyoid bone. It arises by a short tendon from 
the superior genial tubercle on the inner surface of the symphysis menti, 
immediately above the Genio-hyoid, and from this point spreads out io-a 
fan-like form. The inferior fibres extend downwards, to be attached by a 
thin aponeurosis to the upper part of the body of the hyoid bone, a few 
passing between the Hyo-glossus and Chondro-glossus to blend with the 
Constrictor muscles of the pharynx; the middle fibres pass backwards, and 
the superior ones upwards and forwards, to enter the whole length of the 
under surface of the tongue, from the base to the apex. Behind, the muscle 
is quite distinct from its fellow of the opposite side; the two muscles are 
separated at their insertions into ihe under surface of the tongue by a 
tendinous raphe, which extends through the middle of the organ ; in front, 
they are more or less blended ; distinct fasciculi are to be seen passing off 
from one muscle, crossing the middle line, and intersecting bundles of fibres 
derived from the muscle on the other side. 

The Hyo-glossus is a tlun, flat, quadrilateral muscle, which arises from 
the side of the body and whole lengtli of the greater cornu of the hyoid bone, 
and passes almost vertically upwards to enter the side of the tongue, between 
the Stylo-glossus and Inferior lingualis. The fibres of this muscle which 
arise from the body of the hyoid bone are directed upwards and backw'ards, 
overlapping those arising from the greater cornu, which are inclined upwards 
and forwards. 

Relations.—The Uyo-glo.ssiis is in relation by its erternal surface with the Digastric, 
the Stylo-hyoid, Stylo-glosHus and TVlylo-hyoid muscles, the suhmaxillary ganglion, the 
lingual and hypoglossal nerves, WTiarton’s duct, the ranine vein, the sublingual gland, 
and the deep portion of the snbmaxillary gland. By its deep surface it is in relation with 
the stylo-hyoid ligament, the Gonio-hyo-glossus, inferior lingualis, and Middle, constrictor, 
the lingual vc.ssels, and the glosso-pharyngcal nerve. 

The Chondro-glossus is a distinct muscular sliii, though it is sometimes 
described as a part of tlie llyo-glossus, from which, how'ever, it is separated 
by the fibre.s of the Genio-hyo-glossus, which pass to the side of the pharynx. 
It is about tliree-quarters to an inch in length, and arises from the inner 
side and base ol the lesser cornu and contiguous portion of the body of th<‘ 
hyoid bone, and passes directly upwards to blend with tbo intrinsic muscular 
fibres of the tongue, between the Hyo-glossus and Genio-hyo-glossus. 

A small slip of muscular fibres is occasionally found, arising from the 
cartilage triticea in the thyro-hj'oid ligament; it passes upwards and forwards 
and enters the tongue with the liindermost fibres of the Hyo-glossus. 

The Stylo-glossus, the shortest and smallest of the three styloid inu.scJ<!.s, 
ari.ses from the anterior and outer side of the styloid process, near its a])ex, 
and from the stylo-mandibular ligament. Passing downwards and forwards 
between the internal and external carotid arteries, and becoming nearly 
horizontal in its direction, it divides upon the side of the tongue into two 
portions ; one, longitudinal, enters the side of the tongue near its dorsal 
surface, blending with the fibres of the Inferior lingualis in front of the Hyo- 
glossus ; the other, oblique, overlaps the Hyo-glossus muscle and decussates 
with its fibret.. 

Nerves.—The muscles of this group are supplied by the hypoglossal. 

Muscular substance of tongue (fig. 493).—The tongue consists of two sym¬ 
metrical portions separated from each other in the middle line by a fibrous 
septum. Its muscular fibres run in various directions, but may be grouped into 
two sets—extrinsic and intrinsic. The extrinsic muscles are those which have 
their origin external to, and their terminal fibres contained in, the substance of 
the organ. They are: the Stylo-glossus, the Hyo-glossus, the Palato-glossus, 
the Genio-hyo-glossus, and part of the superior constrictor of the pharynx 
(Pharyngo-gloasus). The intrinsic are those which arc contained entirely within 
the tongue ; they form the greater part of its muscular structure. 

Immediately beneath the mucous membrane is a submucous, fibrous layer; 
into Which the* muscular fibres which terminate on the surface of the tongue are 
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inserted. Upon removing this with the mucous membrane, the first stratum of 
muscular fibres is exposed. This belongs to the group of intrinsic muscles, and 
has been named the Syperior UngtmUs it consists of a thin layer of oblique and 
longitudinal fibres, which arise from the submucous fibrous layer, close to the 
epiglottis, and from the fibrous septum, and pass forwards and outwards to the 
edges of the tongue. Between its fibres pass some vertical fibres derived from 
the Genio-hyo-glossus and from the Vertical intrinsic muscle, which will be 
described later on. Beneath this layer is the second stratum of muscular fibres, 
derived principally from the extrinsic muscles. In front, it is formed by the fibres 
derived from the Stylo-glossus, running along the side of the tongue, and sending 
one set of fibres over the dorsum which runs obliquely forwards and inwards 
to the middle line, and- another set of fibres, on to the under surface of the 
sides of the anterior part of the tongue, which runs forwards and inwards, between 
the fibres of the Hyo-glossus, to the middle line. Behind this layer of fibres, 
derived from the Stylo-glossus, are fibres desrived from the Hyo-glossus, together 
with some few fibnss of the Balato-glossus. The Hyo-glossus, entering the side 
of the under surface of the tongue, between the Stylo-glossus and Inferior lingualis, 
passes round its margin and siireads 
out into a layer on the dorsum, 
which oc,cu})ies Ihe middle third of 
the organ, and runs almost trans¬ 
versely inwards to the septum. It 
is reinforced by some lihn's from 
the I’alato-glossus ; other fibres of 
this muscle pass more deeply and 
intermingle with flu* next layer. 

The posterior })art of the seeond 
layer of the musenlar fibres ol tlio 
tongue is derived from those fibres 
of tlui Hyo-glossus which arise from 
the lesser cornu of Ihe hyoid hone, 
and are here descril)ed as a separate 
muscle—the (liondio-glossiis. The 
fibres of tins muscle are arranged 
in a fan-shaped manner, and spread 
Old over the posterior third of the 
tongue. Beneath this layer is the 
great mass of the intrinsic rnuscle.s 
of the. tongue, iidersected at right 
angles by the terminal fibres of 
one of the extrinsic muscles—the. 

Genio-hyo-glossus. This poition 
cf the tongue is paler in colour and 
softer in texture than that already 
described, and is sometimes desig¬ 
nated the medullary portion in contradistinction to the firmer superficial part, 
which is termed the cortical portion. If consists largely of transverse fibres, the 
Hransverse lingualis, and of vertical fibres, the Vertical lingualis. The Transvei-se 
lingualis forms the largest portion of the third layer of muscular fibres of the 
tongue. The fibres arise from the median septum, and pass outwards to be 
insertedinto the suinnucous fibrous layer at the sides of the tongue. Intermingled 
with these transverse intrinsic fibres are transverse extrinsic fibres derived from 
the Palato-glossus and the Sup'erior constrictor of the pharynx. These Trans¬ 
verse, extrinsic fibres, how'cver, run in tlic opposite liirectiou, passing inwards 
towards the septum. Intersecting the transverse fibres are a large number of 
vertical fibres derived partly from the Genio-hyo-glossus and partly from intrinsic 
fibres, the Vertical lingualis. The fibres derived from the Genio-hyo-glossus enter 
the under surface of the tongue on either side of the median septum from base to 
apex. They ascend in a radiating manner to the dorsum, being inserted into the 
submucous fibrous layer covering the tongue on either aide of the middle line. The 
Vertical lingualis is found only at the borders of the fore part of the tongue, 
•external to the fibres of the Genio-hyo-glossus. Its fibres extend from the upper 
to the under surface of the organ, decussating with the fibres of the other muscles. 


Fio. 4P‘3. - C!oronal section of tongue, showing 
intrinsic miiscicis. (.AJterei* from Kraii.se.) 



r. IJiitfiial u’tpiy. f*. hifmor liii^^iiulis, cut fliroutfli. c, l ibres 
of oKsiis. if. Ol)li«iuc tibres of St vlt>-^lo!«flus. t. Insertion 

of 'IViiiisUTse liiitfUdhs. t. SuixTior tjnfj'iiiUls. if. rajiiil.c of 
ton^'iic. ft. \crtical libros of (iouio-lfyu-^MoHsus intcrscctuif; 
'rraiis\ri> liiiKiiuiw. i. Septum. 
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and especially with the Transverse lingualis. The fourth layer of muscular fibres 
of the tongue consists partly of extrinsic fibres derived from the Stylo-glossus, and 
partly of intrinsic fibres, the Infmor limgualis. At the sides of the under surface 
of the organ are some fibres derived from the Stylo-glossus ; as this muscle runs 
forwards at the side of the tongue, it gives off fibres which pass forwards and 
inwards between the fibres of the Hyo-glossus and form an inferior oblique stratum 
which joins in front with the anterior fibres of the Inferior lingualis. The Inferior 
lingualis is a longitudinal band, situated on tlie imder surface of the tongue, and 
extending from the base to the apex of the organ. Behind, some of its fibres are 
connected with the body of the hyoid bojie. It lies betw^een the Hyo-glossus and 
the Gcnio-hyo-glossus ; in front of the Hyo-glossus it comes into relation with 
the Stylo-glossus, rvith the fibres of which it blends. It is in relation by its under 
surface with the ranine artery. 

Applied Anatomy .—The fibrotts sepMirn which exists between the two halves of the 
tonguo is very complete, so tliat the anastomosis between the two lingual arteries is not 
very free. 

This is a point of considerable importance in connection with removal of one-half of 
the tongue for cancer, an operation which is now frequently resorted to when the disease 
is strictly confined to one side of the organ. If the mucous membrane be divided longi¬ 
tudinally exactly in the middle line, the tonguo can l>e split into halves along the median 
raphe, without any appreciable hxmorrliage, and the diseased half can then be removed. 

Actions.— The movements of the tongue, althoiigh numerous and complicated, 
may be understood by carefully considering the direction of the fibres of its 
muscle.s. The Genio-hyo-glossi, by means of their posterior fibres, diaw’ the 
base of the tongue forwards, so as to protrude the apex from the mouth. The 
anterior fibres draw the tongue hack into the mouth. The wholes of these two 
muscles acting along the middle line of the tongue draw it downwards, so as 
to make it concave from side to side, forming a channel along which fluids may 
pass towards the pharynx, as in sucking. The Hyo-glossi depress the tongue, 
and draw down its sides, so as to rendcir it convex from side to side. The Stylo- 
gIos.si draw the loiigiio ujjwards and backwards. The Palato-glossi draw the base 
of the tongue upwards. The intrinsic muscles are mainly concerned in altering the 
sliape of the tongue, whereby it becomes .shortened, narrowed from side to side, or 
curved in different directions; thus, the Superior and Inferior linguales (end to 
shorten the tongue, but the former, in addilioii, turn the tip and sides upwards 
so as to render the dorsum concave, while the latter jiull the tip downw'ards 
and cause the dorsum to become convex. The Transverse lingualis narrows and 
elongates the tongue, and the Vertical lingualis flattens and broadens it. The 
comjilex arrangement of the muscular fibres of the tongue, and the various direc¬ 
tions in which thev run, give to this organ tlie power of assuming the various 
forms necessary for the enunciation of the different consonantal sounds ; and 
Macalister .states ‘ there is reason to believe that the musculature of the tongue 
varies in different races owing to the hereditary practice and habitual use of certain 
motions required for enunciating tbe several vernacular languages.’ 


V. Phauynojsal Rehion (fig. ‘1-94) 


Inferior constrictor. 
Middle constrictor. 

Palato-pharyngeus. 

Salpingo-pharyngcus. 


Superior constrictor. 
Stylo-pharyngeus, 

(See next section.) 


The Inferior constrictor (m. constrictor pharyngis inferior), the (bickest 
of the thi'cc (ionsl rictors, arises from the sides of the cricoid and thyroid carti¬ 
lages. To the cricoid cartilage it is attached in the interval betw'ceii the (Crico¬ 
thyroid muscle ill fronl, and the articular facet for the inferior eornu of the 
thyroid cartilage behind. To the thyroid cartilage it is attached to the oblique 
line on the side of the ala, to the cartilaginous surface behind it, nearly as 
far as its posterior border, and to the inferior cornu. From these attachments 
the fibres spread backwards and inwards, to be inserted into the fibrous raphe 
in the posterior median line of the pharynx. The inferior fibres are horizontal, 
and continuous with the circular fibres of the oesophagus; the rest ascend, 
increasing in obliquity, and overlap the Middle constrictor. 
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Relations.—^The Inferior constrictor is covered by a thin membrane which surrounds 
the entire pharynx (bucco-pharyngeal fascia). Behind, it is in relation with the vertebral 
column and the prevertobral fascia and muscles ; laterally, with the thyroid gland, the 
common carotid artery, and the Sterno-thyroid muscle ; by its itUernal surface, with the 
Middle constrictor, tlie Stylo-pharyngeus, Palato-pharyngous, the pharyngeal aponeurosis 
and mucous membrane of the pharynx. The internal larynges*,! nerve and the larjmgcal 
branch of the superior thyroid artery run near the upper border, and the inferior or 
recurrent lar)mgoal nerve and the laryngeal branch of the inferior thyroid artery jiass 
beneath the lower border of this muscle, before they enter the larynx. 

The Middle constrictor (in. constrictor pliaryngis medius) is a flattened, 
fan-shaped tnusch;, ainaller than tlie preceding. It arises from the whole length 
of the upijor border of the greater cornu of the hyoid bone, from the lesser 
cornu, and from the stylo-hyoid ligament. The fibres diverge from their 
origin : the lower ones descending beneath the Inferior constrictor, the middle 
fibres passing transverstdy, and the 

upper fibres ascending and'overlapping 494 .—Muscles of the pharynx, 

the Superior constrictor. The muscle Hlxtojnal view, 

is inserted into the posterior median 
fibrous raphe, blending in the middle 
line M'ith the one of the opposite 
side. 

Relations.—Tins muscle is separated from 
the Superior constrictor by the glosso- 
pliaiyngeal nerve and the Stylo-pharyngeus 
and stylo-hyoid ligament; and from the 
Inferior constrictor by the internal laryngeal 
nerve and laryngeal branch of the superior 
thyroid artery. Behind, it lies on the prever- 
tcbral fascia, the Longus colli, and the Rectus 
capitis anticus major. On its outer side it 
is in relation with the carotid vessels, the 
pharyngeal plexus, and some lymphatii- 
glands. Near its origin it is covered by the 
Hyo-glossus, from which it is separated 
by the lingual vessels. It lies upon the 
Superior constrictor, the Stylo-pharyngeus. 
the Palato-pharyiigens, the i>haryngeal 
a|)oneurosis, and the mucous membrane of 
the pharyn.x. 

The Superior constrictor (m. con¬ 
strictor pliaryngis superior) is a quadri¬ 
lateral mu.sch-. 111 inner and paler than 
iiic other Constritiiors, and situated 
at the upper part of the pharynx. It 
arises from the low er third of the pos¬ 
terior margin of the internal pterygoid 
plate and its hamular process, from 
the pterygo-mandibular ligament, from the alveolar process of the mandible 
above the posterior extremity of the mylo-hyoid ridge, and by a few' fibres 
from the side of the tongue. From these points the fibres curve backwards, 
to bo inserted into the median raphe, being also prolonged by means of an 
aponeurosis to the pharyngeal spine on the basilar procc'ss of tlie occipital 
bone. The superior fibres arch beneath the Levator palati and the Eustachian 
tube. The interval between the upper border of the muscle and the base 
of the skull is deficient in muscular fibres, and closed by the pharyngeal 
aponeurosis ; it is known as the sinus of Morgagni. 



Relations.—^I'he SujHjrior constrictor is in relation by its outer surface with the pre- 
vortebral fascia and muscles, the vertebral column, the internal carotid and ascending 
pharyngeal artorios, the internal jugular vein and pharyngeal venous plexus, and tJio 
gloBso-pharyngeal, pneumogaatric, spinal accessory, hypoglossal, lingual, and sympathetic 
nerves, the Middle constrictor and Internal pterygoid muscles, the styloid process, the 
stylo’-hyoid ligament, and the Stylo-pharjmgeus. By its internal surjace it is in relation 

11 ^ 
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with the Palato-pharyngeuB, the tonsil, the phar 3 mgeal aponeurosis and mucous membrane 
of the pharynx. Its lower harder is separated from the Middle constrictor of the pharynx 
by the Stylo-pharyngeus muscle and the glosao-pharyngeal nerve. 

■•f 

The Stylo-pharyng^eus is a long, slender muscle, cylindrical above, broad 
and thin below. It arises from the inner-side of the base of the styloid process, 

S isses downwards along the side of the pharynx between the Superior and 
iddle constrictors, and spreads out beneath the mucous membrane. Some 
of its fibres arc lost in the Constrictor muscles, while others, joining with the 
Palato-pharyngeus, are inserted into the posterior border of the thyroid 
cartilage. The glosso-pharyngeal nerve runs on the outer side of this muscle, 
and crosses over it in passing forward to the tongue. 

Nerves.—The Constrictors are supplied by branches from the pharyngeal 
plexus, the Inferior coiustrictor by additional branches from the external and 
recurrent hiryngeal m-rves, and tlic Stylo-pharyngcus by the gloaso-pharvngcsal 
nerve. 

Actions.—\\’hen deglutition is about to be ])erformcd, the pharynx is drawn 
upwards and dilated in different directions, to rcc<'ive tlie food propelled into it 
from the mouth. The Stylo-pliarynnei, which are much fartlie.r removed from 
one another at their origin than at their insertion, draw the sides of the pharynx 
apward,s and outwards, and so increase its tran.svorse diameter ; its breadth in 
the antcro-postorior direction is increased by the larynx and tongue being carried 
forwards in their ascent. As soon as the bolus is received in the pharynx, the 
elevator muscles rola.x, the pharynx descends, and the Constrictors contract upon 
the bolus, and convey it gi’adually downwards into the ersophagus. 

VI. Palat.m. Kecjiox (fig. 495) 

Levator }>aiati. ' Paiato-glossus. 

Tensor palati. Palato-pharyngeus. 

Azygos uvula*. Salpingo-pliaryngcus. 

The Levator palati (ni. hsvator veli ]»alatini) is a long, thick, lonndcd 
muscle, placed on the outer side of the ])ostcrior nares. If arises from the 
under surface of (lut apex of the petrous jmrtion of the temporal bone, and 
from the inner surface of the cartilaginous portion of Ihe Ilustachian tube. 
After passing above the upper concave margin of the Superior i-onstri<dor, 
it sprefuls out in the soft palate, its fibres extending obliquely downwards 
and inwards, as far as the middle lim*. where they blend with those of the 
opposite side. 

The Tensor palati (m. tensor veli palatini) is a broad, thm, ribaud-like 
muscle, placed on the outer side of the Levator palati, and consisting of a 
vertical and a Jiorizontal poidion., Tlie vertical portion arises by a flat lamella 
from the scaphoid fossa at the base of the internal pterygoid jdate, from the 
spine of the sphenoid, and from the outer side of the eai'tilagiuous ]jorfion 
of the: Eustacliian tube. Descending vertically between the internal pterygoid 
plate and the inner surface of the Int(snial pterygoid irnisele, it lerinimites 
in a tendon, which winds round the Jiamular process, being retained in thi.s 
situation by sorm*. of the fibres of origin of tlie Internal pterygoid muscle, 
lietween the hamular proc:ess and th(» tendon is a small bursa. The tendon 
or horizontal portion then passes inwards, and is inserted into a broad 
aponeurosis, the palatine aponejtrosis, and into the. transverse ridge on the 
horizoutHi portion of the palate bone. 

Palatine aponeurosis.—Attached to the posterior border of the hard 
jjalatc is a thin, firm, fibrous lamella wJiicli supports the muscles and 
gives strength to the soft palate. It is thicker above than below, where it 
becomes very thin and difficult to define. Laterally, it is continuous with 
the pharyngeal aponeurosis. 

The Azygos uvulae (m. uvulae) is not a single muscle, as would bo 
irxferred from its name, but a pair of narrow cylindrical fleshy fas^iiculi, 
placed one on either side of the median line of the soft palate. Each muscle 
arises from the posterior nasal spine of the palate bone, and from the con¬ 
tiguous tendinous aponeurosis of the soft palate, and descends to be inserted 
into the uvula. 
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The Palato-glossus (m. glossopalatinus) is a small fleshy fasciculus, 
narrower in the mid^e than at either extremity, forming, with the mucous 
membrane covering its surface, the anterior pillar of the fauces. It arises 
from the anterior surface of the soft palate, where it is continuous*with the 
muscle of the opposite side, and passing downwards, forw'ards, and outwards 
in front of the tonsil, is inserted into the side of the tongue, some of its fibres 
spreading over the dorsum, and others passing deeply into the substance 
of the organ to intermingle with the Transverse lingualis. 

The Palato-pharyngeus (ra. pharyngopalatinus) is along, fleshy fasciculus 
narrower in the middle than at either extremity, forming, with the mucous 
membrane covering its surface, the jiosterior pillar of the fauces. It is sepai'ated 
from the Palato-glossus by an angular interval, in which the tonsil is lodged. 
It arises from the soft palate by an expanded fascnculus, u hieh is divided into 


t'K!. 49.'). -Muscles of llic soft palate. The pharynx is laid open from behind. 



two parts by the Levator palati and Azygos uvulaj. The jjosterior fasciculus 
lies in tsontaci with the mucous membrane, and joins with the corresponding 
muscle in the middle line ; the anterior fasciculus, the thicker, lies in the 
soft palate between the J^evator and Tensor, and joins in the middle line the 
corresironding part of the oj)posito muscle. Passing outwards and downwards 
behind the tonsil, the Palato-pharyngcus joins the Stylo-pharyngeus, and 
is mserted wdth that muscle into the posterior border of the thyroid cartilage, 
some of its fibres being lost on the side of the pharynx, and others passmg 
acrqfs the middle line posteriorly, to decussate with the muscle of the opposite 
side. 

The SalpingO'pharyngeus. —^This muscle arises from the inferior part of 
the Eustachian tube near its orifice; it passes downwards and blends with the 
.posterior fasciculus of the Pulato-pharyngeus. 



486 


MYOLOGY 


In a dissection of the soft palate from its posterior or nasal surface to its 
anterior or oral surface, the muscles would be exposed in the following order : 
viz. the posterior fasciculus of the Palato-pharyngeus, covered by a continuation 
of the mucous membrane of the floor of the nasal fossae ; the Azygos uvul* ; 
the Levator palati; the anterior fasciculus of the Palato-pharyngeus; the 
aponeurosis of the Tensor palati, and the Palato-glossus covered by a 
continuation of the oral mucous membrane. 

Nerves.—The Tensor palati is supplied by a branch from the otic ganglion; 
the remaining muscles of this group are in all probability supplied by the bulbar 
portion of the spinal accessory through the pharyngeal plexus.* 

Actions. —During the first stage of deglutition, the bolus is driven back into 
the fauces by the pressure of the tongue against the hard palate, the base of the 
tongue being, at the same time, retracted, and the larynx raised with the pharynx, 
and carried forwards under it. During the second stage the entrance to the larynx 
is closed, not, as was formerly supposed, by the folding backwards of the epi¬ 
glottis over it, but, as Anderson Stuart has shown, by the drawing forward of 
the arytenoid cartilages towards the cushion of the epiglottis—a movement 
produced by the contraction of the External thyro-arytenoid, the Arytenoid and 
the Aryteno-epiglottidean muscles. 

The bolus after leaving the tongue passes on to the posterior or laryngeal surface 
of the (‘-piglottis, and glides along this for a certain distance ; t then the Palato- 
glossi muscles, the constrictors of the fauces, contract behind it; the soft palate 
is slightly raised by the Levator palati, and made tense by the Tensor palati; 
and the Palato-pharyngei, ly their contraction, pull the, pharynx u])wards over 
the bolus, and come nearly together, the uvula filling up the slight interval between 
them. ■* il}' these means the food is prevented from passing into the naso¬ 
pharynx ; at the same time, the Palato-phar 3 'ngei form an iriclincd plane, directed 
obliquely downwards and backwards, along the under surface of which the bolus 
descends into the lower part of the ph,arynx. The Salpingo-jharvngei rai.se tin; 
upper and lateral parts of the ph<arynx-~i.e. those p.'irts which arc above the points 
where the »Stylo-j)haryngei iirc attached to the pharA iix. 

Applied AnaMtmy. —After the oi)eration for the closure of a cleft in the paliitc, llie 
palate muscles, especially the Tensor and Levator palati, have a tendentiy to retard tlic 
healing process by active traction upon the line of suture. To oludate this, it is necessary 
to divide them. This is best done by making longitudinal incisions, on either side, parallel 
to the cleft and just internal to the hamular process, in such a position as to avoid the 
posterior palatine artery. 

Paralysis of the .soft palate is a common sequel of diphtheria; it gives ri.se to 
regurgitation of fluids through the nose. 


VII. AnTKKIOR VKIiTEBKAL RliiaiO.N (fig. 496) 

Rectus capitis anticus major. Rectus capitis lateralis. 

Rectus capitis anticus minor. Longus colli. 


The Rectus capitis anticus majo r (m. longus capitis), broad and thick 
above, upwards of tht; Scalenus 


anticus. It arises by four tendinous slips, _ 

trafisver.se prooe-sses nf the third fmirfb tiffli ari 









* ‘The Innervation of the Soft 1‘alate,’ by Aldrcn Turner, Jnnrnal of Anatomy ami 
Phytudogy, vol. xxiii. i>. .■>23. 

f Walton (quoted by Anderfcon Stuart) maintains that the epiglottis is not essential to the 
deglutition even of liquids. 














ANTERIOR VERTEBRAL REGION 




The Loagus collys a long, flat muscle, situated on the anterior surface of 
the verte^faIc8^5fejfil7Tbetween the atlas and the third thoracic vertebra. It is 
broad in the middle, narrow and pointed at each extremity, and consists of 
three portions, a superior oblique, an inferior oblic^uo, and a vertical portion. 
Tlie superior oblique portion arises fr(nn-iiie--aai£]aQg-AiLbnrcles.jQLAhftatHu :is- 

ascending 

(HilTTnwJf^^fWffKf^^n^ted bv. a narrow tendon into the tubercle on the 
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erves.—The Rectus capitis anticus minor and the Rectus lateralis are supplied 
from the loop between the first and second cervical nerves ; the Rectus capitis 
anticus major by branches from the .second, third, and fourth cervical; the 
Longus colli by branches from the second to the seventh cervical nerves. 

Actions.—The Rectus capitis anticus major and minor are the direct antagonists 
of the muscles at the back of the neck, serving to restore the head to its natural 
position after it has been drawn backwards. These muscles also serve to flex 
the head, and from their obliquity, rotate it, so as to turn the face to one 
or the other side. The Rectus lateralis, acting on one side, bends the head 
laterally. The Longus colli flexes and slightly rotates the cervical portion of 
the spine. 
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VIII. Latebal Vertebral Region (fig. 496 ) 

ScaleiiuB anticus. Scalenus medius. 

Scalenus posticus. 

Spalf^nijtR a pticus (m. scalenus anterior) is a cone-shaped imiscle, 
deeply at the^sTde ot tlic neck, behind the Sterno-mastoid 




iterior tubercles of the transvei 


ira E! _ 




^ ra¥T>|!l MftW 


by a narrow, flat tendon l^to tlig __— 

and also into tlie. upper surface oF tlie between tlie grooves lor 
tbe subclavian artery and vein. The lower part of this muscle separates 
the subclavian artery and vein ; the latter being in front, and the former, 
with the brachial plexus, behind. 

Relations.— In front of tlic Scalenus anticus are the clavicle, the Suliclavius, Sterno- 
mastoid. and Omo-hyoid muscles, the transvcrsalis colli, the suprascainilar and ascending 
cervical arteries, the subclavian vein, and the phrenic nerve. JJy its jMsterior mirface, it 
is in relation with the cords of the brachial plexus, the subclavian artery, and the pleura, 
which separate it from the Scalenus medius. It is separated from the Longus colli, on 
the inner side, by the vertebral artery. On the anterior tubercles of the transverse 
processes of the cervical vcrtebric, between the attachments of the Scalenus anticus 
and Longus colli, lies the ascending cervical branch of the inferior th>Toid artery. 


Tb^j yy^lppp*; m^diiiR (in. seahuius medius), the largest, and longest of 
the threeSii-^ehifamsesfjjym^ljjm ^sterior tub ercles of the transverse_proce.s.se.s 
oLLki |loy ei- six cervical vertebrsD..^ 




fWnwnwiBJ 
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^oitpp subclavian artery, a^arnaeK astlie tubdrcle. 
t is separated from the Scfilenus anticus by the .subclavian art(Ty below, 
and the cervical nerves above. The po.sterior thoracic nerve^, or nerve of Hell, 
is formed in the substance of the Scaleinus medius and eim^rges from it. The 
nerve to the Rhomboids also iiierces it. 

Relations.—The Scalcnas mcdiirs is in relation by its mUr.riur mu face with the Sterno- 
mastftfft ; it is crossed by the clavicle, the Umo-liyoid miLscle. subclavian artery, and the 
eeri’ical nerves. To its outer side are tlie U vator angiili scapuhe and the Scalenus 
posticus. 

The Scdi^nijl?POShtj(£US (in. scalenus posterior), the smallest of the three 
Sealeni, 41 WeSj by^ two or^n-oe Be^mrale tci^dons^ t' 




^ Bp .urogj8j»t».,©: 

dfWififBMhfi' as'it descends, is inserkid by a, 

of t|M; .BtiCiU ad. rtb. behind the affacfiinent of the Serratus magnus' 
is^lie inost deeply placed of the three Scaleni, and is occasionally blended 
with tho Scalenus medius. 

Nerves.— -The Scaleni arc supplied liv branches from the second to the seventh 
cervical nerves. 

Actions.— The Scaleni muscles, when they take their fixed points from above, 
elevate the first and second ribs, and are, therefore, inspiratory muscles. When 
tiny lake their fixed points from Jiclow, they bend the spinal column to one or 
other side. If the muscles of both sides act, lateral movement is prevented, but 
the spiiui is slightly flexed. 

Surface. Form .—'flio muscles in the neck, with tiio exception of tho Platysma, are 
invested by the deep cervical fascia. The Platysma does not influence surface form 
unlcB.s it is in action, when it jiroduccs 'WTinkling of the skin of tho neck, which is thrown 
into oblique ridges iiarallel with the fasciculi of tho muscle. The Sterno-mastoid is the 
most important muscle of tlie neck as regards its surface form. If tho muscle be put into 
action by drawing the chin downwards and to the opposite shoulder, its surface form 
will bo plainly outlined. The sternal origin will stand out as a sharply delined ridge, 
while the clavicular origin will present a flatter and less prominent outline. The fleshy 
middle portion will appear as an oblique roll or elevation, with a thick rounded anterior 
border gradually becoming less marked above. When tho muscle is at rest its anterior 
border is still visible, forming an oblique rounded ridge, terminating below in the sharp 
oatlise of the sternal bead. The posterior border of the muscle does not show above 






LATERAL VERTEBRAL REGION 



the clavicular head. The anterior border is defined by drawing a line from the tip of 
me mastoid process to the sterno-olavicular joint. It is an important surface-marking 
in the operation^ of ligature of the common carotid artery. Between the stomal and 
clavicular heads is a slight depression, most marked when the muscle is in action, which 
overlies the loM'or part of the internal jugular vein. This is bounded Ixilow by the promi¬ 
nent sternal extremity of the clavicle. Between the sternal origins of the two muscles 
IS a V-shaped dejirossion, the suprasternal notch, more pronounced below, and loss so 
above, where the Stemo-hyoid and Sterno-thyroid muscles, lying upon the trachea, become 
more prominent. Above the hyoid bone, in th<f middle line, the anterior belly of the 
yh‘!7««<n'f! to a certain extent influences surface form. It corrcsjxmds to a line dravm from 
the symphysis menti to the side of tlie body of the hyoid bone, and renders this part of 
the hyo-meiital region convex. In the posterior triangle of the nock, the posterior belly 
oi the Omo-hyoid, when in action, forms a cjouspicuous object, esjiecially hi thin necks, 
presenting a cord-like foi rn running across this region, almost parallel \vith, and a little 
above, the clavicle. 


MUSCLES ANT) FASCLE OF THE TRUNK 

The Muscles of the I’nink may be airaiigod in four groups, corresponding 
vvilh tlie regions in vvliieh they an* sitnato-I. 

1. The Back. lit. Tlie Ahdoinon. 

II. The Thorax. 1\'. The Pelvis. 

The PerinK'uni. 


1. Muscles of the Rack 


The muscles of the back are 
five layei-B. 


very numerous, and may be subdivided into 


I’Tust Laver 
Trapezius. 

Latissiinus dorsi. 


Second Layer 
Lovatoi' anguJi sca|)iilie. 
Rliomboideus minor. 
Rhomboideus major. 


Third Layer 
Serial us posticus superior. 
Sorralus posticus inferioi-. 
Sjdeiiius capitis. 

SpleniuB colli. 


Fourth Layer 
Sacral and Lumbar Jtegious 
Erector sDintc. 


Thoracic Region. 
Ilio-costalis. 


Musculusjmc 

Qf*hSiZt 


cessorius ad ilio-eostalern. 
cOnrtt- -- 


Longissimus donsi. 

Spinalis dorsi. 

Cervical Region 
Uervie alis ascendetis. 
Transve rsalis e ervic-is. 
Traeb elo-ma stoid. 

('o mj)le xus. a 

Bix'cnter cervieis. 

Spinalis colli. 

Fifth Lay'er 
Scmispinalis dorsi. 
Semispinalis colli. 

Multifidus spina;. 

Rotatores spinm. 

Interspinales. 

Extensor coccygis. 
Litortrjinsversales. 

Rectus capitis posticus major. 
Rectus capitis posticus minor. 
Obliquus capitis inferior. 
Obliquus eaiiitis superior. 


First Layer 

Trapezius. Latissiinus dorsi. 

The superficial fascia forms a layer of considerable thickness and strength, 
in wbieli a quantity of granular pinkish fat is contained. It is continuous 
with the general superficial fascia. The d eep fascia is a dense fibrous 
layer, attached ..aboice, to the sujterior curved tme of the occipital bone ; jja 
the nii<ldic..lme it is attached to the ligamentum nuchic, and to the spinous 
processes and supraspinous ligaments of all the vertebra? below the seventh 
cervical; IftRauilly, ia-iii&..fi«ek it is continuous with the deep cervical 
fascia ; ovep-^h e should er it is attaciied to the spine of the scapula and the 
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. acromion prooess, and is continued downwards over the Deltoid muscle to 
the arm ; n n the tho raic it is continuous with the deep fascia of the axilla and 
chest, and on the abdomen with that covering the abdominal muscles ; below, it 
is attached to the crest of the ilium. 

Xhn-Xsapezius (fig. 497) is a broad, flat, triangul ar muscle, pla^d imme¬ 
diately beneath the skin and fascia, and the upper and back part 

, of the neck and shouldex’s. It arigee from the extenud’^occipital protubei’ance 
and the imier thu;d,of the superior curved line of the'occipital bone, from the 
liganmu^um nuch2t3,4lie spinous process pf the seventh cervical, and the spinous 
proceWb of aU the-thoracic vertebr^, and from the corrxisponding portion 
i of the supraspinOTs ligament. From this origin, the superior fibres proceed 
downwards and outwards, tfie . Infer ior upwards and outwards, and the, middle 
horizontally ; the.»superior fibres are jns ertafl into the posterior border of 
the outer third of the clavicle ; the inWdle fibBcajoto the inner margin of the 
acj’omion process, and into the superior lip of the posterior border or crest 
of the spine of the sca}>ula ; t he in ferior fibres converge near the scapula, 
and terminate in an aponeurosis, wliicF’glides over the smooth triangular 
surface on the inner extremity of the crest of the spine, to be inserted into 
a tubercle at the apex of this smooth triangular surface. The Trapezius 
is fleshy in the greater part of its extent, but tendinous at its origin and inser¬ 
tion. At its occipital origin, it is connected to the bone by a thin fibrous 
lamina, firmly adherent to the skin, and wanting the lustrous, shining appear¬ 
ance of aponeurosis. At tlw middle of its origin from th(i spines of the 
vertobne, it is coimected to the bones by means of a broad semi-elliptical 
aponeurosis; this occupies the space between the sixth cervical and the third 
thoracic vertebra?, and forms, with the aponeurosis of the opposite muscle, a 
tendinous ellipse. The rest of the muscle aris(?s by nuiticrous short tendinous 
fibres. The tw'o 'Frapezius muscles togothex* resemble a trapezium, or diamond- 
shaped quadrangle : two angles corresponding to the shoulders; a third to 
th(‘ occipital protuberance ; and the fourth to the spinous pi'ocess of tlio last 
thoracic vertebra. 

Tlie clavicular insertion of Ibis muscle varies in extent: it sonadimes 
advances as far as the middle t)f tJxe clavicle, and may occasionally become 
blended with the posterior edge of the Sterno-mastoid, or overlap it. 

THe Latissimus dorsi (fig. 497 ) is a broad, flat muscle, whicli covers the 
liin;ibnr and the Af iJia. regions, and is gradually contracted 

into a narrow fasokailus' at its insOTtion into .the humerus. It ariaes by 
tendinous fibres fromJtbe .spinous processes of the six inferior thpracic vertebrxe 
j and from the posterior layer of tlie lumbar fascia (see page 493), by which it is 
^ attached to the sjxin<!8 of tlie lumbar and sacral vertebra?, to the supraspinous 
j ligame nt, and to the posterior part of the crest of the ilium. It also arises by 
j muscular fibres from the external lip of the crest of the ilium external to the. 
margin of the Elector spina*, and from the three or four lower ribs by flesby 
rligitations, which are interposed between similar processes of the Exterrifil 
oblique muscle (fig. 502, page 507). From this extensive origin tfie fibr<‘s pass 
in different directions, the upixer ones horizontally, tl^e .middle, .obliquely 
upwai’ds, and tbeJower vertically ujxwards, so as to converge and form a thick 
fasciculus, which crosses the inferior angle of the scapula, and usually receives 
a few fibres from it. The muscle curves around the lower border of the Teres 
major, and is twisted upon itself, so that the superior fibres become at first 
posterior and then inferior, and the vertical fibres at first anterior and then 
superior. It terminates in a short quadrilateral tendon, about three iixches 
in length, u hicli passes in front of the tendon of the Teres major, and is inserted 
iiito the bottom of the bicipital groove of the humerus ; its insertion extending 
Ixighcr on tlie humerus than that of the tendon of the Pectoralis major. The 
lower border of tljc tendon of this muscle is united with that of the Teres major, 
* the surfaces of the two being separated near their insertions by a bursa ; another 
buroa is sometimes interposed between the muscle and the inferior angle of 
the scapula. The muscle at its insertion gives off an expansion to the deep 
fascia of the arm. 


A muscular slip, the axillarif arch, varying from .3 to 4 inches in length, and from 
^ to I of an inch in breadth, occasionally arises from the U 2 >per edge of the Latissimus 



MUSCLES OP TBE BACK 


Fir 497 —Muscles of the back On the loft mde. the first layei is exposed 
on the light side, the second layei and pait of the thud 
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dorsi about the middle of the poatorior fold of the axilla, and croaaes the axilla in front of 
the_ axillary vessela and nerves, to join the under surface of the tendon of the Pectoralia 
major, the Coraco-brachialis, or the fascia over the Biceps. The position of this abnormal 
slip is a |)oint of interest in its relation to the axillary artery, as it crosses the vessel just 
above the spot usually selected for the application of a ligature, and may mislead the 
‘sur^dnnSui-ifig^he-op^alipn... it may be easily recognised by tlie transverse direction of 
its fibres. Struthers foimd it, in 8 out of 10.') subjects, occurring seven times on both sides. 

There is usually a fibrous slip which passes from the lower border of the tendon of the 
Latissimus dorsi. near its insertion, to the long head of the Triceps. This is occasionally 
muscular, and is tlie repre.sentative of the Dorso-eintrochlearis muscle of apes. 

The outer margin of the Latissimus dorsi is separjitcd below from the External 
oblique muscle of the abdomen by a small triangular interval, the base of wliich 
is formed by the crest of the ilium, and its floor by the Internal oblique. This is 
known as the triangle of Petit (trigonum lumbale), and is sometimes the site of a 
lumbar hernia, .\nother triangle of practical importance is situated behind the 
scapula. It is bounded above by the Trapezius, below by the Latissimus dorsi, 
and externally by the vertebral bmdcfr of the scapula ; the floor is partly formed 
by the Khomboideus major. If the'^capula be drawn forwards by folding the arms 
across the chest, and the trunk bent forwards, a part of the sixth and seventh 
ribs and the interspace- between them become, subcutaneous and available for 
auscultation. The space is th(?rofore known as the triangle of auscultation. 

Nerves. —Tin' Trapezius is supplied by the spinal acc(wsory, and by branches 
from the third and fourth cervical nerves; the Latissimus dorsi by the. sixth, 
seventh, and eighth cervical nerves through tire middle or long subscapular nerve. 


Srconj) Laveu (fig. 497) 



Levator anguli scapuhn. Rhomboideus minor. 

Rliomboidciis major. 


XiiQXeyator aaplrii SCapulx (m. levator scajmhc) is situated at the back 
part and side of the neck. I^iW^ises by tendinous .slips from tlx* transverse 
proces.ses of the atlas and axis a.nd from tin* ])o.sterior tubercles of the trans¬ 
verse processes of the third and fourth cervical vcutebim ; lhes(‘ tendons, 
beeoming tl<‘shy, are united to form a flat museh*, which passes downwards 
and backwards, and is insf-rt,f d the posterior border of the 8cai)ula, 

between the superior angle and the triangular smooth surfatie at the root of 
the spine. ^ 

The Rhomboideus minor arises from the lower iiart of the liganniutum 
nucha^ and the spinous processes of the seventh cervical and first thoracic 
vertebrm. Passing dow'nwards and outwards, it is inserted into the base of the 
triangular smooth surface at the root of the spine of the s(iai)ula. This small 
muscle is usuaUy separated fi-om the Rhomboideus major by a slight uiterval. 

The Rhdlirooideus major is situated immediately below the precreding, 
the adjacent margins of the two being occasionally united. It arigtis by 
tendinous fibres fjoni the spinous processes of the second, third, fourth, and 
fifth thoracic vertebra) and the supraspinous ligament, and is inserted, into n 
narrow' tendinous arch, attached above to the lower part of the triangular 
surface at the root of the spine, below, to the inferior angle, the anfli being 
connected to the border of the scapula by a thin membrane. When the arch 
extends, as it occasionally does, only a short distance, the muscular fibres are 
inserted into the scapula itself. 

Nerves. —I’lic Rhomboid muscles arc supplied by a branch from the fifth 
ccrx’ical JXTve ; the Ijcvator anguli scapuhe by the third and fourth cervical nerves, 
and frequently by a branch from the Ticrvc to the Rhomboids. 

Actions.— The movements effected by the preceding muscles are numerous, 
as may be conceived from their extensive attachments. The whole of the 


.Trapezius wdicn in action retracts the scapula and braces back the shoulder; 
if the head be fixed, the upper part of the Trapezius will elevate the point «)f the 
shoulder, as in supporting weights ; when the lower fibres are brought into action 
they assist in depres.sing the bone. The middle and lower fibres of the muscle 
rotate the scapula, causing elevation of the acromion process. If the shoulders 
be fixed, the Trapezii, acting together, wall draw the head directly backwards; or 
if only one act, the head is drawn to the corresponding side. 



MUSCLfiS OF THE SAOK 

The Latissimus dorsi, when it acta upon the humerus, depresses it, draws it 
backwards, and at the same time rotates it inwards. It is the muscle which is 
principally employed in giving a downward blow, as in felling a tree or in sabre 
practice. If the arm be fixed, the muscle may act in various ways upon the trunk ; 
thus, it may raise the lower ribs and assist in forcible inspiration ; or, if both 
arms be fixed, the two muscles may assist the Abdominal and great Pectoral 
muscles in suspending and drawing the whole trunk forwards, as in climbing or 
walking on crutches. 

The Levator anguli scapula) raises the superior angle of the scapula, assisting 
the Trapezius in bearing weights or in shrugging the shoulders. If the shoulder 
be fixed, the Levator anguli scapulse inclines the neck to the corresponding side 
and rotates it in the same direction. The Rhomboid muscles carry the inferior 
angle backwards and upwards, thus producing a slight rotation of the scapula 
upon the side of the chest, the Rhomboideus major acting especially on the lower 
angle of the scapula, through the tendinous arch by which it is inserted. Tlie 
Rhomboid muscles, acting tog(*ther with the ttiiddle and inferior fibres of the 
Trapezius, will retract the scapula. 


Third Layhk ifig. 407) 


Serratus posticus sujKuior. 


Sc'rratus posf icus inferior. 


j Splenius I 

The*Serratus posticus superior is a thin, flat, quadrilateral muscle. 


, / Splenius ca))itiK. 


situated at the upper and back part of the tliora.v. It arises by a thin and 
broad ai»oncuro.sis from tlie lower part of the ligarncntum nucha*, from 


the s[)inous proees,ses of tlie last cervical and n^ijK'.r two or three thoracic 


vertebriH and from the supraspinous ligament. Inclining downwards and 
outvvards, it bcconu's muscular, and is inserted, b-y four fleshy digitations, 
into the ujiper borders of flic s*>cond, tliird, fourth, and fifth ribs, a little 
beyond t^cir angles. 

TheMSerratus posticus inferior is situaU'd at the junction of the tlioraeie 
and lumbar regions : it is of an irregidarly ipiadrilateral form, broader than 
the preceding, anti separated from it by a u ide interval. It arises by a thin 


ajjoneurosis from the spinous proeesst's of the last two thoracic and upper two 
01 ’ tliree lumbar vertebra*, and from the siipi’asfiinous ligament. Passing 
obliipie-ly upwards and outwards, it becomes flcsliy, and divides into four flat 
digitations, which are inserfed into the lower borders of flu* lower four ribs, 


a little beyond their angles. The thin aponeurosis of origin is intimately 
blended with the lumbar fascia. 


The vertebral fascia is a thin, fibrous lamina, extending along the wliole 
lerigtli of the back part of the thoracic region, serving to bind down the long 
extensor muscles of the back which support the vertebral column and head, 
and to separate them from those muscles which connect the vertebral column 
fo the upper extremity. !(■ consists of longitudinal and transverse fibi-es 
blended together, forming a thin lamella, which is atfaelied in the median 
lino to the spinofis processes of the thoracic vertcbrie ; externally, to the 
angles of the ribs ; and below, to the upper border of the Serratus posticus 
inferior and to the portion ot the lumbar fascia which gives origin to the 
Latissimus dorsi; above, it passes beneath the Serratus )iosticns superior 
and the Splenius, and blends with the deep fascia of the neck. 

The lumbar fascia or aponeurosis (fig. 49S), which may lie regarded as 
tlio posterior aponeurosis of the Transvers^is abdominis musole, consists of 
three laminm, w'hich are attached .as follows : the posterior layer, to the 
spines of the lumbar and sacral vertebra; and the supraspinous ligament; the 
middle, to the tips of the transverse processes of the lunibar vertebrm and the 
intertransverse ligaments ; the anterior, to the roots of the lumbar transverse 
processes. The posterior layer is continued above as the vertebral fascia, 
wliile inferiorly it is fixed to the outer lip of the Uiac crest. With this layer 
arc blended the aponeurotic origin of the SeiTatus posticus inferior and part of 
that of the Latissimus dorsi. The middle layer is attached above to the last 
rib, and below to the iliac crest; the anterior layer is fixed below to the 
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ilio-lumbar ligament and iliac crest; while above it is thickened to form the 
external arcuate Ugaraont of the Diaphragm, and stretches from the tip of the 
last rib to the transverse process of the first or second lumbar vertebra. These 
three layers,. together with the vertebral column, enclose two spaces, the 
posterior of which is occupied by the Erector spinoe muscle, and the anterior 
by the Quadratus lumborum. 

The Splenius is a broad sheet situated at the back of the neck and upper 
part of the thoracic nigion. At its origin, it is a single muscle, which arisej i- 
by tendinous fibres, from the lower half of the ligamentum nucha3, from the 
spinous processes of the last cervicjal and upper six tli6racic~veffebrae, and 
from tlie supraspinous ligament. From this origin the fleshy fibres proceed 
obliquely upwartls and outwards, forming a broad flat muscle, which divides 
as it ascends, into two portions,-the Splenius capitis and Splenius colli. 

The Splenius capitis (m. splonius capitis) is inserted, under cover of the 
Sterno-mastoid, into the mastoid process of the Temporal bone, and into tlie 
rough surface on the occij)ital bom^ just below the outer third of llie superior 
curved lino. 

The Splenius colli (m. splenius cervicis) is inserted, by tendinous fasciculi, 
into tlie posterior tubercles of the transverse processes of the upper two or 
three corvicfal vertebrae: 

Nerves.—The Splenius is .supplied by the external branches of the posterior 
primary divisions of the middle and lower cervical nerves ; the Serratus posticus 
superior is supplied by branches from the upper three or four intercostal nerves ; 

Fig. 498.—Diagram of a transverse section of the posterior abdominal wall, to 
show the three layers of the lumbar aponeurosis. 



the Serratus posticus inferior by branclms from the ninth, tenth, and eleventh 
intercostal nerves. 

Actions.—The Serrati are rcsjiiratory muscles. The Serratus posticus 
superior elevates the ribs and is therefore an inspiratory mmsclc. The Serratus 
po.stious inferior draws the lower ribs downwards and backwards, and thus 
elongate.^ the thorax ; it also fixes the lower ribs, thus assisting the inspiratory 
^action of the Diaphragm and resisting the tendency which it has to draw the 
lower ribs upwards and forwards. It must therefore be regarded as a muscle 
of inspiration. This muscle is also probably a tensor of the vcTtebral fascia. 
The Splenii of the two sides, acting together, draw the head directly backwards, 
assisting the Trapezius and (Joraplexus; acting separately, they draw the head 
to one side, and slightly rotate it, turning the face to the same side. They also 
assist in supporting the head in the erect position. 

Foiteth Layer 
1. Erector spinae. 

b. Middle Column. c. Inner Column. 

Longissirans dorsi.^ Spinalis dorsi. 

Transvorsalis cervicis. 

Traclielo-niastoid. 


a. Outer Column. 
Ilio-costalis. 
Mu.sculu.s accessorius. 
Cervicalis ascendens. 


2. Complexus. 
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The Erector spins (m. sacrospinalis) (fig. 499), and its prolongations in 
the thoracic and cervical regions, fill up the groove on either side of the 


Fio. 499.—Muscles of the back. Deep layers. 
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vertebral column. They are covered in the lumbar region by the lumbar 
fascia, in the thoracic region by the Serrati and the vertebral fascia, and 
in the cervical region by a layer of cervical fascia continued beneath the 
Trapezius and the Splenius. This large muscular and tendinous mass varies 
in size and stnicture at different parts of the vertebral column. In the sacral 
region it is narrow and pointed, and at its origin chiefly tendinous in structure. 

• In the lumbar region it becomes enlarged, and forms a thick fleshy mass. In 
the thoracic region it is subdivided into three columns, which gradually 
diminish in size as they ascend to be inserted into the vertebrae and ribs. 
The outer and middle columns are each subdivided from below upwards into 
three parts, viz. the outer into Ilio-costalis, Museulm accessorius, and Oervicalis 
ascendens; the middle into Longissimus dorsi, Transversalis cervicis, and 
Trachelo-mastM. The inner column is the shortest and weakest, and is named 
the Spimtlis dorsi. 

The Erector spinae arises from the anterior surface of a very broad an^ 
thick tendon, which is attached, internally, to the spines of the sacrum. 

• to the spinous processes of the lumbar and tlie elevcntJi and twelfth thoracic 
vertebra*, and the suprasjiinous ligament; exti'rnally, (o the back part of the 
inner lip of the crest of tlie ilium, and to the lateral cr<^sts of the sacrum, 
where it blends with the, great sacro-sciatic and posterior sacro-iliac liga¬ 
ments. Some of its fibres are continuous with the fibres of origin of the 
Gluteus maxinnis. Th(‘ muscular fibres fonn a large fleshy mass, bounded 
in front by the transverse proc«*sses of tlie lumbar vertebrse, and by the 
middle lamella of the lumbar fascia. 

Tlie (m. iliocostalis lumborum), the external portion of the 

Erector spina?, is Inserted, by six or seven flattened tendons, into the inferior 
borders of the angles of (he lower six or .seven ribs. * 

The Musculus accessorius (m. iliocostalis dorsi) arisi's by flattened 
tendons from the upper borders of the angles of the lowiu* six libs internal 
to the tendons of insertion of the Ilio-costalis; these become muscular, and 
are inserted into the upper borders of tlu? angles of the ujipei' six ribs and 
into the back of the transverse process of (ho seventh cervical vertebra. 

The Cervicalis ascendens (rn. iliocostalis cervic.is) is situated on the 
inner side of the Accessorius ; it arises from the angles of the third, fourth, 
fifth, and sixth ribs, and is inserted into the posterior tubercles of the trans- 
vers^rocc.sscs of the fourth, fifth, and sixth cervical vertebra*. 

Long^issimus dorsi is the middle and largest portion of the Er<‘ctor 
spinae. In the lumbar n^gion, where it is as yet blended with the Ilio-costalis, 
some of its fibres are attached to the whole length of the posterior surfaces 
of the transverse processes and the accessory ])rocesHes of the lumbar vertebra;, 
and to the middle layer of the lumbar fascia. In the thoracic region it is 
inserted, by rounded lendons, into the tips of the transverse processes of all 
the thoracic vertebrae, and by fleshy proeesKe.s into the lower nihb 6r tort ribs 
bcTweeh their tubercles and angles. 

The Transversalis cervicis (m. longissimus cervicis), placed on the 
inner side of the Longissimus donsi, arises by long thin tendons from the 
summits of the transverse pr*)cesscs of tlie ujiper four or five thoraeie 
vi'rtebra?, and is inserted by similar ti*ndons into the posterior tubercles of 
the transverse processes of the cervical vertebra? fi’om the second to the sixth 
inclusive. ^ 

The Trachelo-mastoid (m. longissim u s caoitial lies on the inner side 
of the, Transversalis cervicis, betw’eeu it and the Cotnplexus inusele. It arises 
by tendons from the transverse processes of the upper four or five thoracic 
vertebra*, and the articular processes of the lower three or four cervical. The 
fibres form a small muscle, whicih ascends to be inserted into the posterior 
margin of the mastoid process, beneath the Splenius capitis and Sterno-mastoid 
muscles. This small muscle is almost always crossed by a tendinous inter¬ 
section near its^ insertion into the mastoid process. 

The Spinalis dorsi is situated at the inner side of the Longissimus dorsi, 
with which it is intimately blended, and arises by three or four tendons from 
the. spinous processes of the first two lumbar and the last two thoracic vertebrae : 
•th^per uniting, form a small muscle which is inserted by separate tendons 
int64he''spinous processes of the upper thoracic vertebrae, the number varying 
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from four to eight. It is intimately united with the Semispinalis dorsi, which 
lies beneath it. • 

The Spinalis colli is an inconstant musolo, which arises from the lower part of the 
ligamentum nuchsc, tho spino of the seventh cervical, and sometimes from the spines d 
tho arst and second thoracic Vertebrae, and is inserted into the spinoiM process of the axis, 
and occasionally into the spinous processes of the two vertebrae below it. 

Tho Complexus (m^eaaiwisaJhUiaid^^^ « a broad thick muscle, situated 
at the upper and back part of the neclk, beneath the Splenius, and internal 
to the Transversalis cervicis and Trachelo-mastoid. It arises by a series of 
tendons from tho tips of tho transverse processes of the upper six or seven 
thoracic and the seventh cervical vertebrae, and from the articular processes of 
the three cervical above this. The tendons, uniting, form a broad muscle, 
which passes obliquely upwards and inwards, and is inserted into the innermost 
depression between the two curved lines of the occipital bone. This muscle 
is traversed about its middle by an imperfect tendinous intersection. The 
term Biventer cervicis is given to tho inner portion of the Complexus ; this 
portion is usually separatt'd from the rest of the muscle, and consists of two 
fleshy bellies connected by an intervening tendon. 


Fifth Lave it 


The fifth l.iyer, or rathi*r group, of muscles comprises the 


Semisjiinalis dorsi 
Semispinalis colli. 
Multifidns spinae. 
Rotatores spina*. 
Interspiriales. 


Obliquus capitis superior. 


Extensor coceygis. 
Iritertransvcrsalos. 

Itectus capitis postitms major. 
Rectus capitis posticus minor. 
Obliquus capitis inferior. 


Tho Semispinalis dorsi (fig. 499) consists of thin, narrow, fleshy fasciculi, 
interposed bctw’een tendons of considerable length. It arises by a series of small 
tendons from the transverse processes of the lower thoracic vertebrie, from 
the sixth to tlie tenth inclusive, and is inserted, by five or six tendons, into 
the spinous pro(*esst's of tJie uj)per four thoracic and lower two cervical 
vertebrae. 

The Semispinalis colli (m. semispinalis cervicis), thicker than the pre¬ 
ceding, arises by a scries of tendinous and fleshy fibres from the transverse 
proct'sses of the upper five or six thoracic vertebr*, and is inserted into the 
cervical spinous processes, from the axis to the fifth inclusive. Tlie fasciculus 
connected witli tlie axis is the largest, and is chiefly muscular in structure. 

The Multifidns spinae (m. multifidus) consists of a jiumber of fleshy and 
tendinous fasciculi, which fill up the groove on either side of the spinous 
processes of the vertebrae, from the sacrum to the axis. In the sacral region, 
these fasciculi arise from the back of the sacrum, as low as the fourth sacral 
foramen, from the axjoneurosis of origin of the Erector spinas, from the inner 
surface of the posterior superior spine of the ilium, and froni the posterior sacro¬ 
iliac ligaments; in the lumbar region, from the mamillary processes; in 
the thoracic region, from the transverse processes ; and in the cervical region, 
from the articular processes of the four lower vertebra}. Each fasciculus, 
passing obliquely upwarfB and inwards, is inserted into the whole length of 
the spinous process of one of the vertebriB above. These fasciculi vary in 
length ; the most superficial, the longest, pass from one vertebra to the tliird 
or fourth above; tnose next in order pass from one vertebra to the second 
or third above ; while the deepest connect two contiguous vertebrae. 

The Rotatores spinae (mm. rotatores) are found only in the thoracic region 
of the vertebral column, beneath the Multifidus spinae; they are eleven in 
number on either side. Each muscle is small and somewhat quadrilateral in 
form ; it arises from the upper ajid baek part of the trans^rse process, and 
is inserted into the lower border and outer surface of the lamina of the vertebra 
above, the fibres extending inwards as far as the root of the sj^ous process. 
The first is found between the first and second thoracic vertebrae; th® law, 
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between the eleventh and twelfth. Sometimes the number of these muscles is 
diminished by the absence of one or more from the upper or lower end. 

The Interspinales are short muscular fasciculi, placed in pairs between 
the spinous processes of the contiguous vertebrae, one on either side of the 
interspinous ligament. In the cervical region they are most distinct, and consist 
of six pairs, the first being situated between the axis and third vertebra, and 
the last between the last cervical and the first thoracic. They are small narrow 
bundles, attached, above and below, to the apices of the spinous processes. 
In the thoracic region, they are found between the first and second vertebrae, 
and sometimes betw'een the second and third ; and below, between ttie eleventh 
and twelfth. In the lumbar region, there are four pairs of these muscles in 
the intervals between the five lumbar vertebrae. There is also occasionally 
one in the interspinous space, between the last thoracjic and first lumbar, and 
one between the fifth lumbar and the sacrum. 

» 

Tlje Extensor coccygis is a slender muscular fasciculus, which is not always present; 
it extends over the lower part of the posterior surface of the sacrum and coccyx. It 
arises by tendinous fibres from the lost segment of the sacnira, or first piece of tho coccyx, 
and passes downwards to bo inserted into the lower part of tho coccyx. It is a rudiment 
of the Extensor muscle of the caudal vertebral of the lower animals. 

Tho Intertransversales are small muscles placed between the transverse 
processes of the vertebrae. In the cervical region they are most developed, 
consisting of romided muscular and tendinous fasciculi, and arc placed in 
pairs, passing between the anterior and the posterior tubercles respectively 
of the transverse processe.8 of two contiguous vertebrae, iind separated from one 
another by tho anterior primary division of the cervical nerve, which lies in the 
groove between them. In this region there are seven pairs of these muscles, 
the first pair being between tho atlas and axis, and the last pair between the 
seventh cervical and first thorat'ic vertebraj. In the thoracic region they are 
least developed, consisting chiefly of rounded tendinous cords in the inter- 
transverse spaces of the upper thoracic vertebrae, but between the transverse 
processes of the lower three thoracic vertebrae, and between the transverse 

P rocesses of the last thoracic and the first lumbar, they are muscular in structure, 
n the lumbar region they are arranged in pairs, on either side of the vertebral 
column ; one set occupying the entire interspace between the transverse 
processes of the lumbar vertebrae, the Intertransversales laterales ; the other 
set, Intertransversales mediates, passing from the accessory process of one 
vertebra to the mamillary process of ihe vertebra below.* 

Tho Rectus capitis posticus major (m. rectus capitis posterior major) 
arises by a pointed tendinous origin from the spinous process of the axis, and, 
becoming broader as it ascends, is inserted into the outer part of the inferior 
curved line of the occipital bone and tlio suifaee of bone immediately below 
it. As the muscles of the two sides pass upwards and outwards, they leave 
between them a triangular space, in which are seen the Recti capitis postici 
minores. 

The Rectus capitis posticus minor (m. rectus capitis posterior minor), 
the smallest of the four muscles in this region, is of a triangular shape; it 
arises by a narrow pointed tendon from the tubercle on the posterior arch of 
the atlas, and, becoming broader as it ascends, is inserted into the inner part 
of the inferior curved line of the occipital bone and the surface between it 
and the foramen magnum. 

The Obliquus capitis inferior, the larger of the two Oblique muscles, 
arises from the apex of the spinous process of the axis, and passes outwards 
and slightly upwards, to be inserted into the lower and back part of the 
transverse process of the atlas. 

The Obliquus capitis superior, narrow below, wide and expanded above, 
arises by tendinous fibres from the upper surface of the transverse process of 
the atlas, joining with the insertion of the preceding. It passes obliquely 
upwards and inwards, and is inserted into the occipital bone, between the 
two cujwed lines, external to the Complexus. 

* The student is referred to an article on the morphology of the human intertransverse 
mufldes, by J. Dunlop Lickley j Journal of AntUomy and Phytiology, vol. xxzix. 1904. 



' MUSCLES OF THE "BACK 4#'" 

Sabpccipital triang le.—Between the two Oblique muscles and the Bectip 
capitis po^cus major a triangular interval exists, the suboccipUal triangle. This 
triangle is bounded, above and internally, bj’ the Rectus capitis posticus major; 
above and externally, by the Obliquus capitis superior; below and externally, 
by the Obliquus capitis inferior. It le. covered in by a layer of dense fibro-fatty 
tissue, situated beneath the Complexus muscle. The floor is formed by the posterior 
occipito-atlantal ligament, and the posterior arch of the atlas. It contains the 
vertebral artery running in a deep groove on the upper surface of the posterior 
arch of the atlas, and the posterior primary division of the suboccipital nerve. 

Nerves.— The fourth and fifth layers of the muscles of the back are supplied 
by the posterior primary divisions oi the spinal nerves. 

Actions. —When both the Spinales dorsi contract, they extend the thoracic 
portion of the vertebral column ; when only one contracts, it helps to bend it to 
one side. The Erector spinae, comprising the Ilio-costalis and the Longissimns 
dorsi with their accessory muscles, serves, as its name implies, to maintain the 
c-olumn in the erect posture; it also serves to bend the trunk backwards when 
it is required to counterbalance the influence of any weight at the front of the 
body—as, for in.stanco, when a heavy weight is suspended from the neck, or when 
there is any great abdominal distension, as in pregnancy or dropsy ; the peculiar 
gait under such circumstances depends upon the vertebral column being drawn 
backwards, by the counterbalancing action of the Erector spin® muscles. The 
muscles which form the continuation of the Ercictor spin® upwards steady the 
head and neck, and fix them in the upright position. If the Ilio-costalis and Longis- 
simus dorsi of one side act, they serve to draw' down the chest and vertebral 
column to the corresponding side. The Cervjcales ascendentes, taking their fixed 
points from the cervical vertebr®, elevate those ribs to which they are attached ; 
taking their fixed points from the ribs, both muscles help to extend the neck ; 
wdiile one muscle bends the neck to its own side. The Transversales ceiwdcis, 
when both muscles act, taking their fixed points from below, bend the neck back¬ 
wards. The Trachclo-mastoids, when both muscles act, taking their fixed points 
from below', bend the head backwards; while, if only one muscle acts, the face 
is turned to the aide on which the muscle is a(!ting, and then the head is bent 
to the shoulder. The two llectti draw the head backwards. The Rectus capitis 
posticus major, owing to its obliquity, rotates the cranium, with the atlas, round 
the odontoid process, turning the face to the same side. The Multifidus spin® 
acts successively upon thts different parts of the column: thus, the sacrum 
furnishes a fixed point from which the fasciculi of this muscle act upon the 
lumbar region; these then become the fixed points for the fasciculi moving the 
thoracic region, and so on thronghout the entire hmgth of the column; it is by 
the successive contraction and relaxation of the separate fasciculi of this and 
other muscles that the erect posture is preserved W'ithout the fatigue that w’ould 
necessarily have beem produced had this position been maintained by the action of 
f! single muscle. The Multifidus spin®, besides preserving the erect position of the 
column, serves to rotate it, so that the front of the trunk is turned to the side 
opposite to that from which the muscle acts, this muscle being assisted in its 
action by the Obliquus extemus abdominis. The Complexi draw the head 
■directly backwards; if one muscle acts, it draws the head to one side, and 
rotates it so that the face is turned to the opposite side. The Superior oblique 
draws the head backwards and to its own side. The Inferior oblique rotates the 
atlas, and with it the cranium, round the odontoid process, turning the face to the 
same side. The Semispinales, when the muscles of the two sides act together, 
help to extend the vertebral column; when the muscles of only one side act, 
they rotate the thoracic and cervical parts of the column, turning the body to the 
opposite side. The Interspinales by approximating the spinous process help to 
extend the column. The Intertransversales approximate the transverse processes, 
and help to bend the column to one side. The Rotatores spin® assist the 
Multifidus spin® to rotate the vertebral column, so that the front of the trunk 
is turned to the side opposite to that from which the muscles act. 

Surface Form. —The surface forms produced by the muscles of the back are numerous 
and difScuIt to analyse unless they ore considered in systematic order. The most super¬ 
ficial layer influences to a certain extent the surface form, and at the same time reveals 
the forms of the layers beneath. The Trapezius at the upper part of the back, and in 
the nook, covers over and softens down the outline of the underlying musoles. Its anterior 
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border forms the posterior boundary of the posterior triangle of the neck, and presents 
a slight ridge 'whi^ passes dormwards and forwards from the occiput to the junction of 
the middle and outer thirds of the clavicle. The inferior border of the muscle may be 
traced as an undulating ridge to the spinous process of the twelfth thoracic vertebra. In 
like manner, the Latiaaimua dorai softens down and obscures the underlying structures 
at the lower part of the back and side of the chest. The anterior border of the muscle 
is the only part which gives a distinct surface form. This border fhay be traced, when 
the muscle is in action, as a rounded edge, starting from the crest of the ilium, and passing 
obliquely forwards and upwards to the posterior border of the axilla, where together 
with the Teres major it forms a thick rounded fold, the posterior boundary of the 
axillary space. The muscles in the second layer induenco to a very considerable extent 
the surface form of the back of the neck and upper part of the trunk. The Levator angvii 
acapulcB reveals itself as an elevation, running downwards and outwards, from the trans¬ 
verse processes of the upper cervical vertebrae to tlie angle of the scapula, covered over 
and toned down by the overlying Trapezius. The Rhomboidei produce, when in action, 
a vertical eminence between the vertebral border of the scapula and the spinal furrow', 
varying in intensity according to the condition of contraction or relaxation of the Trapezius 
muscle, by which they are for the most part covered. The lowermost part of the Bhom- 
boideus major is uncovered by the Trapezius and forms on the surface an oblique ridge 
running upwards and inwards from the inferior angle of the scapula. The Splenii by their 
divergence serve to broaden out the upper part of the back of the neck and produce a 
fulness in this situation. In the loin, the Erector apina, bound down by the lumbar 
fascia, forms a rounded vertical eminence, which determines the depth of the spinal 
furrow, and tapers below to a point on the posterior surface of the sacrum. In the back 
it forms a flattened plane which gradually becomes lost on passing upw'ards. 

Applied Anatomy. —In cases of tuberculous caries of the vertebral bodies, and in 
other diseases affecting the vertebral colunm, rigidity of the spinal muscles is one of the 
earliest and most constant symptoms. A child with commencing spinal disease always 
maintains the affected portion of the column in a state of absolute rigidity, to prevent 
the inflamed structures from being moved against each other; this is one of the best 
examples of nature’s method of producing rest of the affected part. 

II. Muscles and Fa-scias ok the Thokax 

The muscles belonging exclusively to this region are the 

Intercostales extemi. Triangularis sterni. 

IntercoetaJes interni. Levatores costarum. 

Infracostales. Diaphragm. 

Intercostal fasciae. —In each intercostal space thin but firm layers of 
fascia cover the outer surface of the External intercostal and the inner 
surface of the Internal intercostal muscle ; and a third layer, the middle 
intercostal fascia, more 'delicate, is interposed between the two planes of 
muscular fibres. They are best marked in those situations where the muscular 
fibres are deficient, as between the External intercostal muscles apd sternum 
in front, and between the Internal intercostals and vertebral column, behind. 

The Intercostal muscles (fig. 518) are two thin planes of muscular and 
tendinous fibres occupying each of the intercostal .spaces. They are named 
external and internal from their surface relations—the external being superficial 
to the internal. 

The Externay^tif IXOStals (mm. intercostales externi) are eleven in number 
on either side. They extend from the tubercles of the ribs, behind, to the 
outer ends of the cartilages of the ribs, in front, where they terminate in a 
thin membrane, the anterior intercostal membrane, which is continued forwards 
to the sternum. Each arises from the lower border of a rib, and is inserted 
into the ujjper border of the rib below'. In the two lower spaces they extend 
to the ends of the cartilages, and in the upper two or three spaces they do not 
quite reach the ends of the ribs. They are thicker than the Internal inter- 
costals, and their fibres are directed obliquely downwards and outwards on 
the back of the chest, and downwards, forwards, and inwards on the front. 

The ilatTaal iiitorroiitgte,i(nim intercostales interni) are also eleven 
in number on either side. They commence anteriorly at the sternum, in the 
interspaces between the cartilages of the true ribs, and at the anterior 
extremities of the cartilages of the false ribs, and extend backwards as far 
as the angles of the ribs, whence they are continued to the vertebral column 
by a thin aponeurosis, the posterior intercostal membrane. Each arises from 
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the ridge on the inner surface of a rib, as well as from the corresponding 
costal cartilage, and is inserted into the upper border of the rib below. Their 
fibres are also directed obliquely, but pass in a direction opposite to those 
of the External intercostals. 

The Infracostales (mm. subcostales) consist of muscular and aponeurotic 
fasciculi, which vary in number and length : they are placed on the inner 
surfaces of the ribs, whei'e the Internal intercostal muscles cease ; each arises 
from the inner surface of one rib, and is inserted into the inner surface of 
the first, second, or third rib below. Their fibres run in the same direction 
as those of the Internal 

intercostals. They are Fkj, goO.—Posterior surface of sternum and costal 
most frequent between the cartilages, showing Triangularis sterni muscle, 

lower ribs. (From a preparation in the Museum of the lloyal 

The Triansrularis College of Surgeons of England.) 
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intercostals. They are Fkj, goO.—Posterior surface of sternum and costal 
most frequent between the cartilages, showing Triangularis sterni muscle, 

lower ribs. (From a preparation in the Museum of the lloyal 

The Triang^ularis College of Surgeons of England.) 
sterni (m. transversus stenio- 

thoracis) is a thin plane of 
muscular and tendinous 
fibres, situated upon the 
inner wall of the front 
f)f the chest (fig. 5/00). It 
arises on cither side from 
the lower third of the 
posterior surface of the 
sternum, from the pos¬ 
terior surface of the (*nsi- 
forni cartilage, and from 
tlie sternal ends of tlie 
costal (cartilages of tlie 
lower three or four true 
ribs. Its fibres diverge 
upwards and outwards, to 
be inserted by digitations 
into the lower borders and 
inner surfaces of the costal 
cartilages of the second, 
third, fourth, fifth, and 
sixth ribs. The lowest 
fibres of this muscle arc 
horizontal in their direc¬ 
tion, and arc continuous 
v\ ith thos(i of the Trans- 
v(‘rsalis ; those which 
.succeed are oblique, while 
the superior fibres are 
almost vertical. This 
muscle varies much in its 
attachment, not only in 
different bodies, but on 
opposite sides of the same 
body. 

The Levatores costarum (fig. 499), twelve in number on either side, 
are small tendinous and fleshy bundles, which arise from the extremities of the 
transverse proce.sses of the seventh cervical and upper eleven thoracic 
vertebrae; thejr pass obliquely downwards and outw ards, like the fibres of 
tlm External intercostals, and each is inserted into the upper border of the 
rib immediately below the vertebra from which it takes origin, between the 
tubercle and the angle. Each of the inferior Levatores divides into two 
fasciculi, one of which is inserted as above described; the other fasciculus 
passes down to the second rib below its origin; thus, each of the lower 
ribs receives fibres from the transverse processes of tw'o vertebrae. 

Hiuscles of this group are suppUed by the intercostal nerves. 

The Diaphragm (diaphragma) (fig. 601) is a dome-shaped musculo-fibrous 
septum which separates the thoracic from the abdominal cavity, its convex 
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upper surface forming the floor of the former, and its concave under surface the 
roof of the latter. Its peripheral part consists of muscular fibres which tnlra 
origin from the circumference of the thoracic outlet and converge to inserted 
into a central tendon. 

It arises anteriorly by two fleshy slips from the back of the ensiform 
cartflage; on either side from the inner surfaces of the cartilages and adjacent 
mrtions of the lower six ribs interdigitatingw'ith the TransversaJis abdominis ; 
behind from aponeurotic arches, named the ligamenta arcuata, and from the 
lumbar vertebrae by two pillars or crura. The ligamenta arcuata are five 
in number—one mesial, and two, an internal and an external, on either side. 

The ligamentum arcuatum internum is a tendinous arch in the fasma covering 
the upper part of the Psoas magnus; its inner end is continuous with the 
outer tendinous margin of the corresponding crus, and is attached to the outer 

Pro. 501.—^The Diaphragm, Under surface. 
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side of the body of the first or second lumbar vertebra ; its outer end is fixed 
to the front of the transverse process of the first and, sometimes also, to that 
of the second lumbar vertebra. 

The Ugarnentum arcuatum externum is the thickened upper margin of 
the anterior lamella of the lumbar aponeurosis. It arches across the upper 
part of the Quadratus lumborum, and is attached by its inner extremity 
to the front of the transverse process of the first lumbar vertebra, by its outer 
to the tip and lower margin of the twelfth rib. 

The crura.—At their origins the crura are tendinous in structure, and 
blend with the anterior common ligament of the vertebral column. The 
right crus, larger and longer than the left, arises from the anterior surfaces of 
the bodies and intervertebral discs of the upper three lumbar vertebrae, while 
the left crus arises from the corresponding parts of the upper two only. The 
internal tendinous margins of the crura pass forwards and inwards, and meet 
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in the middle line to form an arch across the front of the aorta; this arch, 
which is often poorly defined, is known as the ligamerUum arcuatum medium. 

From this series of origins the fibres of the Diaphra^ oonyerge to be 
inserted into the central tendon. The fibres arising from the ensiform 
cartilage are very short, and occasionally aponeurotic; those from the mtemal 
and external arcuate Ugaments, and more especially those from the ribs and 
their cartilages, are longer, and describe marked curves as they ascend and 
converge to their insertion. The fibres of the crura and those from the 
ligamentum arcuatum medium diverge as they ascend, the outermost 
being directed upwards and outwards to the central tendon, the innermost 
decussating in front of the aorta, and then diverging to surround the 
oesophagus before reaching their inbcrtion. The fibres from the right crus 
are more numerous than those from the left, and pass in front of them. 

The central tendon (centrum tendinoum) of the Diaphragm is a thin but 
strong tendinous aponeurosis situated near the centre of the vault formed by 
the muscle, but somewhat closer to the front than to the back of the thorax, 
so that the posterior muscular fibres are the longer. It is situated immediately 
below the pericardium, with which it is partially blended. It is shaped some¬ 
what like a trefoil leaf, consisting of three divisions or leaflets separated from 
one another by slight indentations. The light leaflet is the largest, the middle, 
directed towards the ensiform cartilage the next in sixe, and the left the 
smallest. In structure the tendon is composed of seveiid planes of fibres, 
which intersect one another at various angles and unite into straight or curved 
Inmdles—an arrangement which allords it additional strength. 

Openings in the Diaphragm.—Tlio Diaphragm is pierced by a series of 
apertures to permit of the passage of structures between the thorax and 
abdomen. Throe large openings—the aortic, the oesophageal, and the vena 
caval—and a series of smaller ones arc described. 

The aortic opening (hiatus aorticus) ib the lowest and most posterior of the 
three large aperturoh; it lies at the level of the twelfth thoracic vertebra. 
Strictly bpeaking, it is not an aperture in tin* Diaphragm but an osseo- 
aponeuvotic opening between it and the vertebral column, and therefore 
behind the Diaphragm; occasionally some tcndmous fibres prolonged across 
the bodies of the vertebrae from the inner parts of the lower ends of the 
crura pass behind the aorta, and thus convert the opening into a fibrous 
ring. The aperture is situated slightly to the left of the middle line, and is 
bounded in front by the ligamentum aicuatum medium and crura, and behind 
by the body of the first lumbar vertebra. Tlirough it pass the aorta, the 
vena azygos major and the tlioraeio duct ; occasionally the vena acygos major 
is transmitted tlirough the right crus. 

The oe'topliageal opening (hiatus (osophageus) is situated at the level of the 
tenth tJioraeie vertebra; it is elliptical in form, muscular in structure, and 
bounded by the decussating fibres of the two crura.* The anterior edge is 
occasionally formed by the margin of tlie central tendon. The apt*rture is 
placed above, in front, and a little to the left of the aortic opening, and 
transmits the oesophagus, the pncumogastric nerves, and some small 
oesophageal arteries. 

The vena caval opening (foramen von<e cava*) is the highest of the three, 
and is situated about the level of the disc between tlie eighth and ninth thoracic 
vertebrae. It is quadrilateral in form, and is placed at the junction of the 
right and middle leaflets of the central tendon, so that its margins are tendinous. 
It transmits the inferior vena cava, the w'all of which is adherent to the margins 
of the opening, and some branches of the right phrenic nerve. 

Of the lesser apertures, two in the right crus transmit the greater and 
lesser right splanchnic nerves; three in the left cius give passage to the greater 
and lesser left splanchnic nerves and the vena azygos minor. The gangliated 
cords of the sympathetic usually enter the abdominal cavity behind the 
Diaphragm, under the internal arcuate ligaments. On either side two small 
intervals exist at which the muscular fibres of the Diaphragm are deficient 

• IjOW (Journal of Anatomy and Phytioloyy, \ol. xlii.), in twenty five cases which he 
‘examined, iaileii to find a fabcionloR from the left oius to the light mar^n of the oesophageal 
o^dng. Ho regards the casopbageal passage in the Diaphragm as formed by the splitting of 
the mesial fibres of the nght crus, 
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and are replaced by areolar tissue. One between the fibres of origin from 
the ensifonn cartilage and those from the cartilages of the adjoining ribs 
transmits the superior epigastric branch of the internal mammary artery 
and some lymphatics from the abdominal wall and convex surface of the liver. 
The other, between the fibres springing from the internal and external arcuate 
iigsraeats, is less constant; when this interval exists, the upper and back 
part of the kidney is separated from the pleura by areolar tissue only. 

Bdationa, —The upper surface of the Diaphragm is in relation with three serous mem¬ 
branes, viz. on either side the pleura, which separates it from the base of the corresponding 
lung, and on the middle leaflet of the central tendon the pericardium, which intervenes 
between it and the heart. The central portion lies on a slightly lower level than the 
summits of the lateral portions. The greater part of the under siuface is covered by the 

E eritoneum. The right side is accurately moulded over the convex surface of the right 
)be of the liver, the right kidney, and right suprarenal capsule, the left over the left lobe 
of the liver, the fundus of the stomach, the spleen, the left kidney, and loft suprarenal 
capsulfe 

Nerves, —The Diaphragm is supplied by the phrenic and lower intercostal 
nerves. 

Actions.—The Diaphragm is the principal muscle of inspiration, and presents 
the fonn of a dome concave towards the abdomen. The central part of the dome 
is tendinous, and the pericardium is attached to its upper surface ; the circum¬ 
ference is muscular. During inspiration the lowest ribs are fixed, and from these 
and the crura the muscular fibres contract and draw downwards and forwards 
the central tendon with the attached pericardium. In this movement the curva¬ 
ture of the Diaphragm is scarcely altered, the dome moving dovrawards nearly 

S arallel to its original position and pushing before it the abdominal viscera. The 
escent of the abdominal visc(!ra is permitted by the elasticity of the abdominal 
wall, but the limit of this is soon reached. The central tendon applied to the 
abdominal viscera then becomes a fixed point for the action of the Diaphragm, 
the effect of which is to elevate the lower ribs and through them to push forwards 
the gladiolus steriii and the upper ribs. The right cupola of the Diaphragm, lying 
on the liver, has a greater resistance to overcome than the left, which lies over 
the stomach, but to compensate for this the right crus and the fibres of the right 
side generally are stronger than those of the left. 

In all expulsive acts the Diaphragm is called into action to give additional 
power to each expulsive effort. Thus, before sneezing, coughing, laughing, crying, 
or vomiting, and previous to the expulsion of urine or ficces, or of the fojtus from 
the uterus, a deep inspiration takes place. The height of the Diaphragm is con¬ 
stantly varying during respiration ; it also varies with the degree of distension 
of the stomach and intestines and with the size of the liver. After a forced expira¬ 
tion the right cupola is on a level in front with the fourth co.stal cartilage, at the 
side with tlic fifth, sixth, and seventh ribs, and behind with the eighth rib ; the 
left cupola is a little lower than the right. Halls Dally* states that the absolute 
range of movement between deep inspiration and deep expiration averages in 
the male and female 30 mm. on the right side and 28 mm. on the left; in quiet 
respiration the average movement is 12‘5 mm. on the right side and 12 min. on 
the left. 

Skiagraphy shows that the height of the Diaphragm in the thorax varies considerably 
with the position of the body. It stands highest when the body is horizontal and the 
patient on his back, and in this position it iwrforms the largest respiratory excursions 
with normal breathing. When the body is erect the dome of the Diaphragm falls, Md 
its respiratory movements become smaller. The dome falls still lower when the sitting 
posture is assumed, and in this position its respiratory excursions are smalleBt. These 
facts may, perhaps, explain why it is that patients suffering from severe dyspnoea are 
imist comfortable and least short of breath when they sit up. When the body is horizontal 
and the patient on his Bide,'^the two halves of the Diaphragm do not behave alike. The 
uppermost half sinks to a level lower even than when the patient sits, and moves little 
with respiration ; the lower half rises higher in the thorax lhan it does when the patient 
is supine, and its respuatory excursions are much increased. In unilateral disease 
of the pleura or lungs analogotis interference with the position or movement of the 
Diaphragm can generally be observed skiagraphicaily. 

• 'Inquiry into the Physiological Mechanism of Kespiration.’ Jow'Dal of Aiuitcm.y and, 
Phymloijy, vol. xliii. 1908. 
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It appears that the position of the Diaphragm in the thorax depends upon three main 
faotots, viz.: (1) the elastic retraction of the lung-tissue, tend^ to piul it upwards; 
(2) the pressure exerted on its under surface by the viscera: this naturally tends to be 
a negative pressure, or downward suction,, when the patient sits or stands, and positive, 
or an upward pressure, when he lies ; (3) the intra-abdominal tension due to the abdominal 
muscles. These are in a state of contraction in the standing position and not in the sitting ; 
hence the Diaphragm, when the patient stands, is pushed up higher than when he sits. 

The Intercostal musclas, internal and external, have probably no action in 
moving the ribs. They contract simultaneously and form strong elastic supports 
which prevent the intercostal spaces being pushed out or drawn in during 
respiration. The anterior portions of the Internal intercostals probably have an 
additional function in keeping the chondro-sternal and interchondral joint surfaces 
in apposition, the posterior parts of the External intercostals performing a similar 
function for the costo-vertebral articulations. 

The Levatorcs costarum being inserted near the fulcra of the ribs can have 
little action on the ribs; they act as rotators and lateral flexors of the vertebral 
column. 

The Triangularis sterni draws down the costal cartilages, and is therefore 
a muscle of expiration. 

Mechanism of Respiration 

The respiratory movements must lie examined during (o) quiet respiration, 
and (b) forced respiration. 

Quiet respiration. —The first and second pairs of ribs are fixed by the Scaleni 
and by the resistance of the cervical structures ; the last pair, and through it the 
eleventh, by the Quadratus lumborum. The other ribs are elevated, so that the 
first two intercostal spaces are diminished while the others arc increased in width. 
It has already been shown (p. 392) that elevation of the third, fourth, fifth, and 
sixth ribs leads to an increase in the antero-posterior and transverse diameters 
of the thorax : the vertical diameter is increased by the descent of the diaphragmatic 
dome so that the lungs arc expanded in all directions except backwards and 
upwards. Elevation of the eighth, ninth, and tenth ribs is accompanied by an 
outward and backward movement, leading to an increase in the transverse diameter 
of the upper part of the abdomen; the elasticity of the anterior abdominal wall 
allows a slight increase in the antero-posterior diamefer of this part, and in this 
way the decrease in the vertical diameter of the abdomen is compensated and 
space provided for its displaced viscera. Expiration is effected by the elastic 
recoil of its walls and by the action of the abdominal muscles, which push back 
the viscera displacccl downwards by the Diaphragm. 

Forced respiration .—All the movements of quiet respiration are here cariied 
out, but to a greater extent. In imspiration the shoulders and the vertebral borders 
of the scapula! are fixed and the limb muscles. Trapezius, Serratus magnus, 
I'ectorals, and Latissimus dorsi, are called into play. The Scaleni are in stronger 
action, and the Sterno-mastoids also assist when the head is fixed by drawing 
up the sternum and by fixing the clavicles. The first rib is therefore no longer 
stationary, but, with the sternum, is raised; with it all the other ribs except 
the last arc raised to a higher level. In conjunction with the increased descent 
of the Diaphragm this provides for a considerable augmentation of all the thoracic 
diameters. The anterior abdominal muscles conie into action so that the umbilicus 
is drawn upwards and backwards, but tliis allows the Diaphragm to exert a more 
powerful influence on the lower ribs; the transverse diameter of the upper mrt 
of the abdomen is greatly increased and the subcostal angle opened out. The 
deeper muscles of the back, e.g. the Serrati pqstici superiores and Erectores spina), 
are also brought into action ; the thoracic curve of the vertebral column is partially 
straightened, and the whole column, above the lower lumbar vertebrie, drawn 
backwards. This increases the antero-posterior diameters of the thorax and 
upper part of the abdomen and widens the intercostal spaces. Forced expiration 
is effected by the recoil of the walls and by the contraction of the antero-lateral 
muscles of the abdominal wall, and the Serrati postici inferiores and Triangularis 
sterni. 

Halls Dally (op. cU.) gives the following figures as representing the average changes 
which occur during deepest possible respiration. The prestemum moves 30 mm. in an 
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upward aud 14 mm. ia a forward direction; the width of the subcostal tmgle, at a level 
of 30 mm. below the meso-metastemal articulation, is increased by 26 mm.; the umbilicus 
is retracted and drawn upwards for a distance of 13 mm. 

III. Muscles of the Abdomen 

The muscles of the abdomen may be divided into two groups; 1, The 
antero-lateral muscles ; 2, The posterior muscles. 

1. Antbro-latebal Muscles 

The muscles of this group are: 

Obliquus Externus. Transversalis. 

Obliquus Internus. Rectus. 

Pyramidalis. 

The superficial fascia of the abdomen consists, over the greater part of 
the abdominal wall, of a single layer of fascia which contains a variable amount 
of fat; but as this layer approaches the groin it is easily divisible into two, 
between which are found the superficial vessels and nerves and the superficial 
inguinal lymphatic glands. The superficial layer (j^seta of Gam/per) is thick, 
areolar in texture, and contains in its meshes adipose tissue, the quantity of 
which varies in different subjects. Below, it passes over Poupart’s ligament, 
and is continuous with the superficial fascia of tlie thigh. In the male, this 
fascia is continued over the penis and outer surface of the cord to the scrotum, 
where it helps to form the dartos. As it passes to the scrotum it changes 
its character, becoming thin, destitute of adipose tissue, and of a pale reddish 
colour, and in t he scrotum it acquires some involuntary muscular fibres. Prom 
the scrotum it may be traced backwards to bo continuous with the superficial 
fascia of the perinaeura. In the female, tliis fascia is continued into the labia 
majora. The deeper layer j(/a.scia of Scarpa) is thinner and more membranous 
in character than the superficial layer, and contains a considerable quantity 
of yellow elastic fibres. It is loosely connected by areolar tissue to the apo¬ 
neurosis of the External oblique, but in the middle line it is more intimately 
adherent to the linea alba and to the symphysis pubis, and is prolonged on 
to the dorsum of the penis, forming the suspensory ligament; above, it is 
continuous with the superficial fascia over the rest of the trunk; below and 
externally, it blends with the fascia lata of the thigh a little below Poupart’s 
ligament; internally and below, it is continued over the penis and spermatic 
cord to the scrotum, where it helps to form the dartos. Prom the scrotum it 
may be traced backwards into continuity with the deep layer of the super¬ 
ficial fascia of the perinseum {fascia of Colies). In the female, it is continued 
into the labia majora and thence to the fascia of Colles. 

The Obliquus externus abdominis (fig. 1502) is situated on the side and 
fore part of the abdomen, being the largest and the most superficial of the 
three flat muscles in this region. It is broad, thin, and irregularly quadri¬ 
lateral, its muscular portion occupying the side, its aponeurosis the anterior 
wall of the abdomen. It arises, by eight fleshy digitations, from the external 
surfaces and lower borders of the lower eight ribs ; these digitations are 
arranged in an oblique line which runs downwards and backwards, the upper 
ones being attached close to the cartilages of the corresponding ribs, the lowest 
to the apex of the cartilage of the last rib, the intermediate ones to the ribs 
at som<» distance from their cartilages. The five superior serrations increase 
in size from above downwards, and are received between corresponding pro¬ 
cesses of the Serratus magnus ; the three lower ones diminish in size from above 
downwards, receiving between them corresponding processes from the Latissi- 
mus dorsi. Prom these attachments the fleshy fibres proceed in various 
directions. Those from the lowest ribs pass nearly vertically downwards, 
to be inserted into the anterior half of the outer lip of the crest of the ilium ; 
the middle and upper fibres, directed downwards and forwards, terminate 
in an aponeurosis, opposite a line drawn from the prominence of the ninth 
costal cartilage to the anterior superior spine of tlie ilium. 

; The aponeurosis of the Es^nal oblique is-a thin but strong membranous 
structure, (he fibres of which are directed obliquely downwards and inwards. 



MUSCLES OF the ABDOMEN 

It is joined with that of the opposite muscle along the median line, and 
covers the whole of the front of the abdomen; above, it is covered by and 
gives origm to the lower border ot the PcctoraJis major; bdow, its fibres 
are closely aggregated together, and extend obliquely across from the anterior 
supenor spine of the ilium to the spme of the pubis and the linea iho- 
pectinea. In the median line, it interlace's with the aponeurosis of the 
oppraite muscle, formmg the Imoa alba, which extends from tlie ensiform 
cartilage to the symphysis pubis 


Fro. 602.—The External obhque muscle. 



That portion of the aponeuiosis w Inch extends between the anterior superior 
spine of the ilium and the spine of the pubis is a thick band, folded inwards, 
^d eontinuous below wnth the fascia lata; it is called Poupart's ligament. 
The portion which is reflected from Poupart’s ligament at the spine of the 
pubis along the jpectineal line is called Oimbemafs ligament. Prom the pomt 
of att^hment of tlie lattgr to the pectineal line, a few fibres pass upwards and 
inward^ behind the inner pillar of the external abdominal ring, to the linea 
, .they ascend, and form a thin triangular fibrous layci, 
which IS called the ttianguUir faada. 
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In the aponeurosis of the External oblique; immediately above the crest 
of the pubis, is a triangular opening, the extern-al abdominal ring, formed by 
a separation of the fibres of the aponeurosis in this situation. 

The following parts of the aponeurosis of the External oblique muscle 
require further description, viz. the external abdominal ring, the inter- 
columnar fibres and fascia, Poupart’s ligament, Girnbernat’s ligament, and 
the triangular fascia. 

^ The external or superficial abdominal ring (annulus inguinalis subcuta- 
neus) is an interval in the aponeurosis of the External oblique, just above and 
to the outer side of the crest of the pubis. The aperture is oblique in direction, 
somewhat triangular in form, and corresponds with the course of the fibres of 
the aponeurosis. It usually measures from base to apex about an inch, and 



transversely about half an inch. It is bounded below by the crest of the 
pubis; on either side by the margins of the opening in the aponeurosis, 
which arc called the columns or pillars of the ring ; and above, by a series of 
curved fibres, the intercolumnar (fig. 503), which pass across the upper angle 
of the ring, so as to increase its strength. 

The external or inferior pillar (crus inferius) is the stronger ; it is formed 
by that portion of Poup^t’^s ligament which is inserted into the spine of the 
pubis ; it is curved so as'to form a kind of groove, upon which the spermatic 
cord rests. The internal or superior pillar (crus superius) is a broad, thin, flat 
band, which is attached to the front of the symphysis pubis, interlacing with 
its fellow of the opposite side, that of the right side being superficial. 

The external abdominal ring mves passage to the spermatic cord and 
ilio-inguinal nerve in the male, and to the round ligament of the uterus and 
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the ilio-iuguinal nerve in the female : it is much larger in men than in women, 
on account of the large size of the spermatic cord. 

The intercolumnar fibres {fibrse intercrurales) arc a series of curved 
tendinous fibres, ’which arch across the lower part of the aponeurosis of tlie 
External oblique, describing a curve with the convexity downwards. They 
have received their name from strctchine across between the two pillars of the 
external ring. They are much thicker and stronger at the outer margin 
of the external ring, where they are connected to Poupart’s ligament, than 
internally, where they are inserted into the linea alba. They are more strongly 
develo})ed in the male than in the female. The intercolumnar fibres increase 
Ihe strength of the low'cr part of the aponeurosis, and prevent the divergence 
of the pillars from one another. 


Fia. 504.—The Internal oblique muscle. 



These intercolumnar fibres, as they pass acro.ss the external abdominal 
ring, arc themselves connected together by delicate fibrous tissue, tlius forming 
a fascia, which, as it is attached to the pillars of the ring, covers it in, and is 
called the intercolurrmar fascia. This intercolumnar fascia is continued 
down as a tubular prolongation around the spermatic cord and testis, and 
encloses them in a distinct sheath ; hence it is also called the external spermatic 
fascia. The external abdominal ring is only seen as a distinct aperture after 
the external spermatic fascia has been removed from its pillars, 
i iP ounart ’ s liga ment (lig. inguinale) is the lower border of the aponeurosis 
of the External o blique muscle, and extends from the anterior superior spine 
of the ilium to the spine of the pubis. From this latter point it is re ^p ctgd 
hackwards and n iitw ards to be attached to the pectineal line for about him 
an inch, tormrng 'Uim1EernaT'l^ 'Bfe8i!B^^ ’Ws gl^fieraPHlrecfion" i^^nv^” 
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downwards towards the thigh, where it is continuous with the fascia lata.‘ Its 
outer half is rounded, and oblique in direction. Its inner half gradually 
widens at its attachment to the pubis, is more horizontal in direction, and 
lies beneath the spermatic cord. 

Nearly the whole of the space included between the crural arch and the 
innominate bone is filled in by the parts which descend from the abdomen, 
into the thigh. 

Gimbernat’s lig'ament (lig. lacunare) is that part of the aponeurosis 
of the External oblique muscle which is reflected backwards and outwards 
from the spine of the pubis to be inserted into the pectineal line. It is 
about half an inch in length, larger in the male than in the female, almost 
horizontal in direction in the erect posture, and of a triangular form with the 
base directed outwards. Its base, or outer margin, is concave, thin, and sharp,, 
and forms the inner boundary of the crural ring. Its apex corresponds to the 

spine of tlie pubis. Its posterior 
Fia.'^eOS.—I’he Cremaster muscle. margin is attached to the pectineal 

line, and is continuous with the 

f ubic portion of the fascia lata. 

ts anterior margin is attached to 
Poupart’s ligament. Its surfaces are 
directed upwards and downwards. 

The triangfular fascia dig. 
inguinale reflexum) of the abdomen 
is a layer of tendinous fibres of a 
triangular shape, formed by an ex¬ 
pansion from Gimbernat’s ligament 
and the 'outer pillar of the ring. 
It passes inwards behind the sjx^r- 
matic cord, and expands into a 
sonnnvhat fan-shaped fascia, lying 
behind the inner pillar of the ex¬ 
ternal abdominal ring, and in front 
of the conjoined tendon, and inter¬ 
laces with the ligament of the other 
side at the linea alba. 

Ligament of Cooper. — This 
is a strong fibrous band, which was 
first described by Sir Astlcy Cooper. 
It extends outwards from the base 
of Gimbernat’s ligament along the 
iUo-pectineal line, to which it is 
attached. It is strengthened by 
the pectineal aponeurosis, and by 
a lateral expansion from the lower 
attachment of the linea alba 
(adminiculum linese albae). 

The Obliquus internus abdominis (fig. 504), thinner and smaller than 
tlie preceding, beneath which it lies, is of an irregularly quadrilateral form, 
and situated at the side and fore part of the abdomen. It arises, by fleshy 
fibres, from the outer half of Poupart’s ligament, being attached to the groove 
on its upper surface, from the anterior two-thirds of the middle lip of the crest 
of the ilium, and from the posterior lamella of the lumbar fascia. From 
this origin the fibres diverge, those from Poupart’s ligament, few in number, 
and paler in colour than the rest, arch downwards and inw'ards across the 
spermatic cord in the male and the round ligament in the female, and, becoming 
tendinous, are inserted, conjointly with those of the Transversalis, into the 
crest of the pubis and inner part of the ilio-pectineal line behind Gimbemat’s 
ligaMlNit, forming what is ^own as the conjoined tendon of the Internal 
oblique and Transversalis. Those from the anterior third of the iliac origin 
axe -horizontal in their direction, and, beooming tendinous along the lower 
fooilb of the linea semilunaris, pass in front of the Rectus muscle to be inserted 
into the linea alba. Those arising from the middle third of the origin 
from the, crest of the ilium pass obliquely upwards and inwards, and terminate 





The Cremaster (6g 605) is a thin museulai layer, compobcd of a number 
of fasciculi which arise from the middle of Poupait’s ligament where its fibres 
are oontmuous with those of the Internal oblique and also occasionally with 
the Tiansversalis. It passes along the outer side of the spermatic coid, descends 
with it tluough the external abdommal rmg upon the front and sides of the 
cord, and forms a senes of loops which differ in thickness and length in different 
subjects. Those at upper part of the cord are exceedingly short, but 
they become in succession longer and longer, the longest reachmg down as 
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low as the testicle, where a few are inserted into the tunica vaginalis. These 
loops are united together by areolar tissue, and form a thin covering over 
the cord and testis, the cremasteric fascia. The fibres ascend along the inner 
side of the cord, and are inserted by a small pointed tendon into the spine and 
crest of the pubis and into the front of the sheath of the Rectus. 

It will be observed that the origin and insertion of the Cremaster are 
precisely‘similar to those of the lower fibres of the Internal oblique. This 
fact is explained by the manner in which the testis and cord are invested 
by this muscle. At an early period of fcetal life the testis is placed at the 
lower and back part of the abdominal cavity, but during its descent towards 
the scrotum, which takes place before birth, it carries on it some fibres from 
.the lower part of the muscle, and these accompany the testis and cord into 
the scrotum. 

Tile Transversaiis abdominis (m. transversus abdominis) (fig. 506), so 
called from the direction of its fibres, is the most internal of the flat muscles 
of the abdomen, being placed immediately beneath the Internal oblique. 
It arises by flesliy fibres from tlie outer third of Poupart’s ligament, from the 


Fia. 607.—Tlie ligaments of Henic and Hosselbach, seen from in front. 
(Modified from JBraunc.) 
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anterior three-fourths of tlie inner lip of the crest of the ilium, from the inner 
surfaces of the cartilages of the lower six ribs, interdigitating with the 
Diaphragm, and from the lumbar aponeurosis, wliich may bo regarded as 
the posterior aponeurosis of the muscle, and which has been seen to divide 
into three lamella* (see page 493). The muscle terminates in front in a 
broad aponeurosis, the lov'er fibres of which curve downwards and inwards, 
and are inserted, together with those of the Internal oblique, into the crest 
of the pubis and pectineal line, forming what is knowm as the conjoined 
tendon of the Internal oblique and 'FransversaUs. Throughout the rest of 
its extent the aponeurosis passes horizontally inw'ards, and is inserted into 
the linea alba; its upper three-fourths passing behind the Rectus muscle, 
blending with the posterior lamella of the Internal oblique; its lower fourth 
passing in front of the Recdus. 

^^oined tendon of the Internal obl ique a nd Transvarsalia is mainly 
formed^y the low'er part of the tendon'of'theTPrahsversalis, and is inserted 
into, the crest of the pubis and ilio-peetineal line immediately behind the 
extornal abdominal ring, serving to protect what would otherwise be a weak 
point in the abdomin^ wall. The conjoined tendon is sometimes divided 
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into an outer and an inner portion—the former being termed the ligament 
of Hesadbaeh ; the latter, the Ugatnent of HerUe (fig. 507). 

The Rectus abdominis is a long flat muscle, which extends aloi^ the 
whole length of the front of the abdomen, being separated from its fellow of 
the opposite side by the linea alba. It is much broader, but thinner, above 
than below, and arises by two tendons, the external or larger being attached 
to the crest of the pubis, the internal, smaller portion, interlacing with its 
fellow of the opposite side, and being connected with the ligaments covering 
the front of the symphysis pubis. The muscle is inserted by three portions 
of unequal size into the cartilages of the fifth, sLxtii, and seventh ribs. The 
upper portion, attached principaUy to the cartilage of the fifth rib. usually 
has some fibres of insertion into the anterior extremity of the rib itself. Some 
fibres are occasionally connected with the costo-xiphoid ligaments, and side 
of the ensiform cartilage. 

The Rectus muscle is traversed by tendinous intersections, three in number, 
which have received the name of linece transversal (inscriptiones tendinese). 
One of these is usually situated opposite the umbilicus, one con'esponds to 
the extremity of the ensiform cartilage, and the other is about midway between 
the ensiform cartilage and the umbilicus. These intersections pass trans¬ 
versely or obliquely atiross the muscle in a zigzag course ; they ran'ly extend 
completely through its substance; they may pass only halfway across it, 
and are intimately adherent in front to the sheath in which the muscle is 
enclosed. Sometimes one or two additional lines, generally ine-omplete, 
may be seen below the umbilicus. 


Kio. 508.—J^iagram of sheath of Rectus. 



The Rectus is enclosed in a sheath (fig. .508) formed by tlie aponeuroses of 
the Oblique and Transversalis muscles, which arc arranged in the following 
manner. Wlien the aponeurosis of the Internal oblique arrives at the outer 
margin of the Rectus, it divides into tw'o lamella), one of whieJi passes in 
fiont of the Rectus, blending with the aponeurosis of the External oblique, 
the other, behind it, blending with the aponeurosis of the Transversalis, and 
these, joining again at its inner border, are inserted into the linea alba. This 
arrangement of the aponeurosis exists from tiie costal margin to midway 
between tJte umbilicus and symphysis pubis, wJiero the posterior wall of the 
sheath terminates in a thin curved margin, the semilunar fold of Douglas 
(linea seraicircularis), the concavity of which looks downwards tow'ards the 
pubis : below this level the aponeuroses of all three muscles pass in front of 
the Rectus without any separation. The extremities of the fold of Douglas 
descend as pillars to the pubis. The inner pillar is attached to the symphysis 
pubis ; the outt^r pillar, the ligament of Hesselbach, or outer part of the conjoined 
tendon, passes downwards as a distinct band on the inner side of the internal 
abdominal ring, and there its fibres divide mto two sets, internal and external: 
the internal fibres are attached to the ascending ramus of the pubis and the 
pectineal fascia ; the external ones pass to the Psoas fascia, to the deep surface 
of Poupart’s ligament, and to the tendon of the Transversalis on the outer 
side of the ring. The Rectus muscle, in the situation where its sheath is 
deficient below, is separated from the peritoneum by the fascia transversalis 
(fig. 509). Since the teindons of the Internal oblique and Transveraalis only 
reach as high as the costal margin, it follows that above this level the 
sheath of the Rectus is also deficient behind, the muscle I'esting directly on 
• L L 
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the cartilages of the ribs, and being covered merely by the tendon of the 
External oblique. 

The Pyramidaiis is a small muscle, triangular in shape, placed at the 
lowel'* part of ini'""abdoracn in front of the Rectus, and contained in the 
slieath of that muscle. It arises by tendinous fibres from the front of the pubis 
and the anterior pubic ligament; the fieshy portion of tlie muscle passes 
upwai'ds, diminishing in size as it ascends, and terminates by a pointed 
extremity which is inserted into the linea alba, midway between the umbilicus 
and the pubis. This muscle may be wanting on one or both sides ; the 
lower end of the Rectus th(*n becomes proportionately increased in size. 
Occasionally it is double on one side, and the muscles of the two sides 
are sometimes of unequal size. It may extend higher than the level stated 
above. 

Besides the R«‘ctus and Pyramidaiis muscles, the sheath of the Rectus contains 
the superior and deep epigastric arteries, and the terminations of the lumbar 
arteries and lower intercostal arteries and nerves. 

Nerves. —The abdominal muscles arc supplied by the low(!r intercostal nerves. 
The Transv(u«alis and internal oblique also receive filaments from the hypogastric 
branch of the ilio-hypogastric and sometimes from tlio ilio-inguinal. The Oremastcr 
is supplied by the. genital branch of the genito-crural and the Pyramidaiis usually 
by the twelfth thoracic. 

The liPfiai tendinous raplio seen along the middle line of tlie 

abdomen, extending fnmi the ensiform cartilage to the symphysis pubis, 
and attixcbed to both. It is plaec>.d between the inner borders of the Recti, 
and is formed by the blending of llie aponeuroses of the Obliqui and Trans-' 

?Ta. 509.—Diagram of a transverse section through the anterior abdominal wall, 
below (he semilunar fold of Douglas. 



versales umsch^s. It i.s narrow below, corresponding to the linear inteTval 
(“xisting between the Recti ; but broader above, as these muscli's diverge 
from oncf another in their ascent; it becomes of considerable breadth after 
great distension of the abdomen from jiregnancy or ascites. At its lower end 
the linea alba has a double altaelimenl—its superficial fibres passing in front 
of the inner bends of the Recti to the symphysis pubis, while its deeper fibres 
form a triangular lamella, attached behind the Recti to the posterior lip of 
the crest of the pubis, and named the adminiculum linecp alboB. It presents 
numerous apertures for the passage of vessels and nerves ; the umbilicus, 
which in the feetus exists as an aperture and transmits the umbilical vessels, 
is obliterated in the adult, the cicatrix being stronger than the neighbouring 
parts ; hence umbilical hernia occurs in the adult near the umbilicus, while in 
the feetus it occurs at the umbilicus. 

The lines semiluqar^^ ai'o two curved tendinous lines placed one on either 
side of the linea" alba. Each corresponds with the outer border of the Rectus 
muscle, extends from the cartilage of the ninth rib to the pubic spine, and is 
formed by the aponeurosis of the Internal oblique at its point of division to 
enclose tlie Rectus, reinforced in front by that of the External oblique, and 
behind by that of tlie Transversalis. 

Actions. —When the pelvis and thorax are fixed, the abdominal muscles com¬ 
press the abdominal viscera, by constricting the cavity of the abdomen, in which 
action they are materially assisted by the descent of the Diaphragm. By these 
meQ.ns assistance is given in expelling the foetus from the uterus, the faeces from 
the. rectum, the urine from the bladder, and the contents of the stomach in 
vomiting. 
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If the pelvis aiid vertebral column be fixed, these muscles compress the lower 
part of the thorax, materially assisting expiration. If the pelvis alone be fixed, 
the thorax is bent directly forward, when the muscles of both sides act; when 
the muscles of only one side contract the trunk is bent towards that side and 
rotated towards the opposite side. 

If the thorax be fixed, the muscles, acting together, draw the pelvis upwards, 
as in climbing; or, acting singly, they draw the pelvis upwards, and bend the 
vertebral column to one side or the other. The Recti, acting from below, depress 
the thorax, and consequently flex the vertebral column ; when acting from above, 
they flex the pelvis upon the vertebral column. The Pvramidales are tensors 
of the linea alba. 

The fa-^ria f-fansvergalig is a thin aponeurotic membrane whicdi lies 
between the inner surface of the Transversalis muscle and the extra-peritoneal 
fat. It forms part of the general layer of fascia lining the abdominal parietes, 
and is dirocdly continuous with the iliac and pelvic fascim. In the inguinal 
region, the transversalis fascia is thick and dense in structure and joined by 


Fio. 510.—The left internal abdominal ring. 



fibres from the aponeurosis of the Transversalis muscle, but it becomes thin 
as it ascends to the Diaphragm, and blends wdth the fascia covering the under 
aspect of this muscle. In front, it unites across the mid^e line with the 
fascia on the opposite side of the body; and behind, it becomes lost in the 
fat which covers the posterior surfaces of the kidneys. Below, it has the 
following attachments : posteriorly, to the whole length of the crest of the 
ilium, between the attachments of the Transversalis and lliacus muscles ; 
between the anterior superior spine of the ilium and the femoral vessels it 
is connected to the posterior margin of Poupart’s ligament, and is there 
continuous with the iliac fascia. Internal to the femoral vessels it is thin and 
attached to the pubis and ilio-pectineal line, behind the conjoined tendon, 
with which it is united; it descends in front of the femoral vessels to form 
the anterior wall of the femoral sheath. Beneath Poupart’s ligament it is 
strengthened by a band of fibrous tissue, which is only loosely connected to 
Poi^art’s ligament, and is specialised as the deep crural arm. The spermatic 
cortl in the male and the round ligament in the female pass through the 

LI. 2 
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transversalis fascia at a point called the internal abdominal ring. This opening 
is not visible externally since the transversalis fascia is prolonged on these 
structures as the infundihuUfirrm fascia. 

The internal or deep abdominal ring (annulus inguinalis abdominalis) 
is situated in the transversalis fascia, midway between the anterior superior 
i^ine of the ilium and the symphysis pubis, and about half an inch above 
Poupart’s ligament (fig. 610). It is of an oval form, the long axis of the oval 
being vertical; it varies in size in different subjects, and is much larger 
in the male than in the female. It is bounded, above and externally, by 
the arched fibres of the Transversalis; below and internally, by the deep 
epigastric vessels. It transmits the spermatic cord in the male and the 
round ligament in the female. From its circumference a thin funnel-shaped 
membrane, the infundihvdiform fascia, is continued round the cord and 
testis, enclosing them in a distinct covering. 

Extra-peritoneal connective tissue. — Between the inner surface 
of the general layer of the fascia which lines the interior of the abdominal 
and pelvic cavities, and the peritoneum, there is a considerable amount of 
connective tissue, termed the extra-peritoneal or svbperitoneal connective 
tissue. 

The parietal portion lines the cavity in varying quantities in different 
situations. It is especially abundant on the posterior wall of the abdomen, 
and particularly around the kidneys, where it contains much fat. On the 
anterior.wall of the abdomen, except in the pubic region, and on the roof, 
of the abdomen, it is scanty, and here the transversalis fascia is moi-e closely 
connected with the peritoneum. There is a considerable amount of extra- 
peritoneal connective tissue in the pelvis. 

The visceral portion follows tin* course of the branches of the abdominal 
aorta between the layers of the mesenteries and other folds of peritoneum 
which connect the various viscera to the abdominal wall, and assist in fixing 
them. The tw'o portions are directly continuous with each other. 

The deep crural arch. —Curving over the external iliac vessels, just at the 
point where they become femoral, on the abdominal side of Poupart’s ligament 
and loosely connected with it, is a thickened band of fibres called the deep 
crural arch. It is apparently a thickening of the fascia transversalis, joined 
externally to the centre of tlie lower margin of Poupart’s ligament, and 
arching across the front of the crural sheath to be inserted by a broad attach¬ 
ment into the spine of the pubis and ilio-pectineal line, behind the conjoined 
tendon. In some subjects this structure is not very prominently marked, 
and not infrequently it is altogether wanting. 


(iurface Form .—^The skin of the abdomen is thin and sensitive. In the mate, it is often 
thickly hair-clad, especially towards the lower part of the middle line. In the female, 
the hairs are confined to the pubes. .4fter distension from pregnancy or other causes, 
the skin commonly presents transverse white lines, which are quite smooth, being destitute 
of papilla*. These are known as strim gravidarum. 

The only muscles of the abdomen which have any considerable infiuence on surface 
form are the External oblique and Rectus. With regard to the External oblique, the 
upper digitations of its origin from the ribs are well marked in a muscular subject, 
interdigitating with tho.se of the Serratus magnus ; the lower digitations are not visible, 
being covered by the thick border of the Latissimiis dorsi. Its attachment to the crest 
of the ilium, in conjunction with the Internal oblique, forms a thick oblique roll, which 
determines the iliac fiurow. iSometimos on the front of the lateral region of the abdomen 
an undulating outline marks the spot where the muscular fibres terminate and the apo¬ 
neurosis commences. The outer border of the Rectus is defined by the linm semilunaris, 
which may be exactly determined by putting the muscle into action. It corresponds 
with a curved line, with its convexity outw'ards, drawn from the end of the cartilage of 
the ninth rib to the spine of the pubis ; at the level of the umbilieus, it is about three 
inches from the median line. The surface of the Rectus presents three transverse furrows, 
the tinea transvtrsn-. The upper tw'o of these, viz. one opposite or a little below the 
tip of the ensiform cai-tilage, and the other midway lietween this point and the umbilicus, 
are usually well marked; the third, opposite the umbilicus, is not so distinct, ^the 
umbilicus, situated in the linca alba, varies in position as regards its height. It is placed 
from three-quarter8.,*of an inch to an inch above the level of the tubercles of the 
iliac crests, tuid usually corresponds to the disc between the third and fourth lumbar 
vertebrae. 
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2. PosTERioK Muscles of the Abdomen 

Psoas magnus. Iliacus. 

Psoas parvus. Quadratus lumboruni. 

The Psoas magnus, the Psoas parvus, and the Iliacus muscles, with the 
fasciae covering thorn, will be described with the muscles of the lower 
extremity (see page 664). 

The fascia covering' the Quadratus lumborum. —This is the most 
anterior of the three layers of the lumbar aponeurosis. It is a thin layer of 
fascia covering the anterior surface of the Quadratus lumborum, and attached, 
internally, to the bases of the transverse processes of the lumbar vertebrae ; 
below, to the ilio-lumbar ligament; above, to the apex and lower border of 
the last rib. 

The upper margin of this fascia, which extends from the transverse process 
of the first lumbar vertebra to the apex and low'cr border of the last rib, 
constitutes the ligamentum arcuatum externum (page 502). 

The Quadratus lumborum (fig. 499. page 495) is situated in the lumbar 
region. It is irregularly quadrilateral in shape, and broader below than above. 
It arises by aponeurotic fibres from the ilio-lumbar ligament and the adjacent 
portion of the crest of the ilium for about two inches, and is inserted into 
the lower border of the last rib for about half its length, and by four 
small tendons into the apices of the transverse j)roces8es of the upper tour 
lumbar vertebrae. Occasionally a second portion of this muscle is found in 
front of the preceding. It arises from the upper borders of the transverse 
processes of the lower three or four lumbar vertebraj, and is inserted into 
the lower margin of the last rib. The Quadratus lumborum is contained in 
a sheath formed by the anterior and middle lamelhe of the lumbar aponeurosis, 
in front of which are the colon, the kidne 3 % the Psoas, and the Diaphragm ; 
between the fascia and the nmscle are tiie last thoracic, ilio-inguinal, and 
ilio-hypogastric nerves. 

Nerve-supply.—The last thoj’acic and first and second lumbar nerves supply 
t his muscle. 

Actions.—The Quadratus lumborum draws down the last rib, and acts as a 
muscle of inspiration by helping to fix the origin of the Diaf»hragni. If the thorax 
and spine arc fixed, it may act upon the pelvis, raising it towards its own side 
when only one muscle is put in actnm ; and when both muscles act together, 
either from below or above, they flex the trunk. • 


TV. Musole.s .4X0 F.a.s(.i.i5 of the Pelvis 

Obturator internus. Levator ani. 

Pyriformis. Coccygeus. 

Tho muscles uithin tho pelvis may be divided into two groups : (1) the 
Obturator internus and the P 3 nriformis, w'hich are muscles of the lower 
extremity, and will be described with those (page 575); (2) the Levator ani and 
the Coccygeus, which together form the pelvic diaphragm and are associated 
with tho pelvic viscera. The classification of the two groups under a common 
heading is convenient in connection with the fasciae investing the muscles. 
These fasciae are closely related to ono another and to the deep fascia of the 
porinaeutu, and in addition have special connections with the fibrous coverings 
of the pelvic viscera ; it is customary thcroforo to describe them together 
under the term pdvic fascia. 

Pelvic fascia. —The fascia of the pelvis may be resolved into : ^) the 
fascial sheaths of the Obturator internus, Pyriformis, and pelvic diaphragm ; 
(b) the fdiscia associated with the pelvic viscera. 

The fascia of the Obturator internus covers the pelvic surface of, and is 
attached round the margin of tho origin of, the muscle. Above, it is loosely 
connected to the back part of the ilio-pectineal line, and here it is continuous 
with the iliac fascia. In front of this, as it follows the line of origin of the 
Obturator internus, it gradually separates from the iliSc fascia and the 
continuity between the two is retained only through the periosteum. It arches 
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beneath the obturator vessels and nerve, completing the obturator canal, 
and at the front of the pelvis is attached to the back of the body of the pubis. 
Below, the obturator fascia is attached to the falciform process of the great 
sacro-sciatic ligament and to the pubic arch where it becomes continuous with, 
the deep layer of the fascial sheath of the Compressor urethrae (deep layer of 
the tri a ngular ligament). Behind, it is prolonged out on the Obturator intemus 
into the gluteal region. 

The pudic vessels and nerve cross the pelvic surface of the Obturator 
intemus and are enclosed in a special canal— Ahock's canal —^formed by the 
obturator fascia. 

The fascia of the Pyriforniis is very thin and is attached to the front o'f the 
sacrum and the sides of the great sacro-scLatic foramen; it is prolonged out 
on the muscle into the gluteal region. At its sacral attachment round the 
margins of the anterior sacral foramina it comes into intimate association 
with and ensheath(;s the nerves emerging from these foramina. Hence the 
sacral nerves are frequently d»>scribed as l 3 dng behind the fascia. The internal 
iliac vessels and their branches, on the other hand, lie in the subperitoneal 


Fxg. .511. —Coronal section of i)elvis, sliowing arrangement of fascise from beliind. 



tissue in front of the fascia, and the branches to the gluteal region emerge in 
special sheaths of this tissue, above and below the Pyriformis muscle. 

The fascia of the pelvic diaphragm covers both surfaces of the muscles. 
The layer covering the lower surface (fascia inferior diaphragmatis pelvis) 
is known as the anal fascia. It is attached above to the obturator fascia along 
the line of origin of the levator ani, while below it is continuous with the deep 
layer of the triangular ligament and with the fascia on the Internal sphincter 
ani. Tlie layer covering the upper surface of the pelvic diaphragm (pars 
diaphragmatica fascise pelvis) follow'S, above, the lino of origin of the Levator 
ani and is therefore somewhat -variable. In front it is attached to the back 
of the symphysis jtubis about three-quarters of an inch above its lower border. 
It can then bo traced outwards across the back of the body of the pubis for 
a distance of about half an inch, when it reaches the obturator fascia. It is 
attached to this fascia along a lino which pursues a somewhat irregular course 
to the spine of the ischium. The irregularity of this line is duo to the fact 
that the origin of. the Levator ani, which in lower forms is from the pelvic 
brim, is in man lower down, on the obturator fascia. Tendinous fibres of origin 
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of the muscle are therefore often found extending up towards, and in some 
cases reaching, the pelvic brim, and on these the fascia is carried. 

It will be evident that the fascia covering that part of the Obturator 
mternus above the origin of the Levator ani is a comijosite fascia and 
includes the following; (a) the obturator fascia; (6) the fascia of the ^vator 
ani; (c) degenerated fibres of origin of the Levator ani. Tins portion was 
formerly described as the pelvic fascia. 

The lower margin of the fascia covering the upper surface of the pelvic 
diaphragm is attached along the line of insertion of the muscle. 

At the level of a line extending from tljc low er part of tJie sympliysis pubis 
to the spine of the ischium is a thickened whitisli baud in tliis upper layer of 
the pelvic diaphragmatic fascia. It is termed tlie ?rhite line (arcus tendinous 
fascia} pelvis), and marks the line of attachmeni of tlie Bp(*cial fascia (pars 
endopelvina fascise pelvis) which is associated with the pelvic viscera. 

The fasi'ia endopehim is to be regarded as a thickening of the subperitoneal 
tissue round the various pelvic viscera, to form for them fibrous coverings 


Fiu. 612.—Side view of pehic visceia of the male buhject, showing 
the lascia cndoiiehma. 



which wiU bo described la(-er (see section on Splanchnology). It is attached 
to the fascia on the upper surface of the pelvic diaphragm along the white line, 
and has been subdivided in accordance with the viscera to w'liich it is related. 
Tims its anterior part, known as the vesical layer, forms the anterior and 
lateral ligaments of the bladder. Its middle part crosses the floor of the pelvis 
between the rectum and vesiculse seminales as the reelo-vesical layer ; in the 
female this is perforated by the vapna. Its iiostorior portion passes to the 
side of the rectum ; it forms a loose sheath for the rectum, but is firmly attached 
round the anal canal; this portion is know'n as the rectal layer. 

The Levator ani (fig. 613) is a broad, thin muscle, situated on the sid^ 
of the pelvis. It is attached to the inner surface of the side of the true pelvis, 
and descends to unite with its follow of the opposite side and form the greater 
part of the floor of the pelvic cavity.. It supports the viscera in this cavity 
and surrounds the various structures vvhich pass tlirough it. It arises, in 
front, from the. posterior surface of the body of the pubis on the outer side 
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of the symphysis ; behind, from the inner surfatse of the spine of the ischium ; 
and between those two points, from the obturator fascia. Posteriorly, this 
fascial origin corresponds, more or less closely, with the white line (page 619), 
but in front, the muscle arises from the fascia at a varying distance abo’^e 
the white line, in some cases reaching nearly as high as the canal for 
the obturator vessels and nerve. Tlio fibres pass downwards to the middle 
line of the floor of the pelvis ; the most posterior are inserted into the sides 
of the last two segments of the coccyx; those placed more anteriorly unite 
with the muscle of the opposite side, in a median fibrous raphe {ano-coccygeal 
raphe), whicli extends between the coccyx and the margin of the anus. The 


Fia. 513.—Left, levator ani from within. 



middle fibres are inserted into the side of the rectum, blending with the 
fibres of tJie K])hincter muscles; lastly, the anterior fibres descend upon the 
side of the inostute gland to unite beneath it with the muscle of the opposite 
side, joining with the fibres of the External sphincter and Transversus 
perinaei muscles at the e»'ntral tendinous point of the perinseum. 

The anterior portion is occasionally separated from the rest of the muscle 
by connective tissue. From this circumstance, as well as from its peculiar 
rdation with the prostate gland, descending by its side, and surrounding 
it as in a sling, it has been described by Santorini and others as a distinct 
musde, under the name of Levator prostatae. In the female the anterior fibres 
of the Levator anh descend upon the side of £hc vagina. 
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Relations.—By its vpjxr or pelvic surface, with the fascia which separates it 
from the bladder, prostate, rectum, and peritoneum. By its Zotcer or perine^ surface, 
it forms the inimr boundary of tho isohio-rectal fossa, and is covered by a thin layer of 
fsaoia, the ischio-rectal or anal Jascia, given off from tho obturator fascia. Its posterior 
harder is free and separated from tho Coocygous muscle by a cellular interspace. Its 
anterior border is separated from the muscle of tho opposite side by a tciangmar space, 
through which the urethra, and in the female the vagina, pass from tiie pelvis. 

The Levator ani may be divided into ilio-coceygeal and pubo-coccygeal parts. 

The Ilio-coccygeus arises from the ischial spine and from the posterior part of tho pelvic 
fascia, and is attached to the coccyx and ano-coecygeal raphe: it is usually thin, and 
may fail entirely, or bo largely rcjilaced by fibrous tissue. An aocossory slip at its 
posterior part is sometimes named the Ilio-sacralis. Tlio Pvho-coccygevs arises from the back 
of tho pubis and from tho anterior part of the obturator taseia, and ‘is directed backwards 
almost horizontally along tho side of the anal canal towards the coccyx and sacrum, 
to which it finds attachment. Between tho termination of the vertebral column and tho 
anus; tho two ])ubo-coocygoi muscles come together and form a thick, fibro-muscular 
layer lying on tho rapho formed by the Ilio-coccygei ’ (Thompson). Tho greater part of 
this muscle is inserted into tho coccyx and into tho last one or two pieces of the sacrum. 
This insertion into the vertebral column is, however, not udmittod by all observers. The 
fibres which form a sling for the rectum are named tho Pulm-rectalis or Sphincter recti. 
They arise from the lower part of the symphysi pubis, and from tho up[x?r layer of the 
triangular ligament. They meet with the corresponding fibres of the opposite side around 
the lower part ot tho rectum, and form for it a strong sling. 

Nerve-supply.—The Levator ani is supidied by a branch from the fourth sacral 
nerve and by a branch which i.s sometimes derived from the perineal, sometimes 
from the inferior hamioirhoidal division of the ])udic nerve. 

The Coccygeus (fig. 513) is situated behind and parallel with the preced¬ 
ing. It is a triangular plane of muscular and tendinous fibres, arismg by 
its apex from the H])ine of the ischium and lesser sacro-sciatic ligament, and 
inserted by its base into the margin of the coccyx aind into tin* side of the 
lowest piece of the sacrum. It as.si.sts the Levator aiii and Pyi-iformis in 
closing in tho back pait of tin' outlet of the pelvis. 

Nerve-supply.--The Coccygdis is siipidied by a branch from the fourth and 
fifth sacral nerves. 

Actions.—The Lcvatore.s ani constiict tlic lower end ol the rectum and vagina. 
Th(‘y elevate and inveit tho lower end ol the rectum after it has been protruded 
a 2 id everted during the exjtulsiou ol the lass's. Th(*y are also muscles of forced 
expiration. 'I’he ('o(S‘vgei musi-les pull forw.ird andsnpport the coccyx, after ithas 
been pressed backwards during deJa?cation or parturition. The Levatores ani and 
Cocoygei together form a muscular diajdiragm which supports the pelvic viscera. 


V. MrSCbKS A]SU FaSCI.T 3 Ol’ THE PEBlJS^tJM 

The poriria>um coirespoiuls to the outlet of the pelvis. lt.s deep boundaries 
are - in front, the pubic arch and the subpubie ligaini'iit ; behind, the tip of 
the coccyx ; and on either side the rami of the pubis and iscliium, and tho 
great sacro-sciatic ligament. Tho space is soniewliat lozenge-shaped and is 
limited on the surface of tho body by the scrotum in front, by the buttocks 
behind, and on cither side by the inner side of tJie thigh. A lino drawn trans¬ 
versely across in front of the ischial tuberosities divides the space into tw'o 

E ortions. Tho posterior contains the termination of the anal canal and is 
nown as tho ischio-rectal or anal region ,; the anterior, which contains the 
external urogenital organs, is termed the vrogeniial region. 

The muscles of the perinaeum may tlu'refore be divided into two groups : 

r. Those of the ischio-rectal region, 

2. Those of the urogenital region : A, In the male; b, In tho female. 


1. Muscles and Pascia5 op the Ischio-rectal Region 

Corrugator cutis ani. External sphincter ani. Internal sphincter ani. 

The superficial fascia is very thick, areolar in texture, and contains much 
fat in its meshes. On either side a pad of fatty tissue extends deeply between 
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the Levator ani and Obturator intemus into a spaee known as the iscJiio- 
rectal fossa. 

The deep fascia forms the lining of the ischio-rectal fossa; it comprises the 
anal fascia, and the portion of obturator fascia below the origin of Levator aifi. 

Ischio-reckd fossa .—^The fossa is somewhat piisraatic in shape, with its 
base directed to the surface of the perinaeum, and its apex at the line of meeting 
of the obturator and anal fasciae. It is bounded internally by the Extemad 
sphincter ani, and the anal fascia ; externally by the tuberosity of the ischium 
and the obturator fascia ; anteriorly by the fascia of Colics covering the trans- 
versus perinaei, and by the deep layer of the triangular ligament; posteriorly 
by the Gluteus maximus and the great sacro-sciatic ligament. Crossing the 
space transversely are the inferior haemorrlioidal vessels and nerves; at the 
back part arc the perineal and perforating cutaneous branches of the pudendal 
plexus ; while from the fore part the superficial perineal vessels and nerves 
emerge. The internal piidic vessels and nerve lie in Alcock’s canal on the 
external wall. The fossa is filled with fatty tissue across which numerous 
fibrous bands (extend from side to side. 

Ajyplied AnaUmi /.—Afisceas in the ischio-rectal fossa commonly occurs; it is most often 
the result of infection from the bowel, and is especially prone to occur in tuberculous 
subjects; occasionally it follows perforation by a foreign body which has been swallowed, 
such as a fish bone. The abscess may bulge at the side of the anus, at the border of 
Gluteus maximus, or against the rectal wall. There is great pain on defecation, and, on 
examining the bowel, fulness on the side of the abscess may be detected. If left to itself 
the pus will find exit through the skin, or into the i-ectum, between the two Sphincters ; 
and the condition will degenerate into one of the varieties of fistula, owing to tlie constant 
pull of the Sphincter preventing closure of the walls of the cavity. These abscesses should 
bo opened at the earliest possible moment, as they tend to track and burrow widely into the 
soft fat in the fossa, and also in the subcutanraus tissues. An incision should be made 
tangential to the anus over the region of the ischio-rectal fossa, and should then bo con¬ 
verted into a T, by making another incision outw'ards at right angles to it, so that the 
wound may he kept open and may heal up from the bottom. Frequently, however, in 
spite of care, a fistula ensues which requires division of the External sphincter for its cure. 

Tho Corrug'ator cutis ani. —Around tho anus is a thin stratum of 
inv'oJuntary muscular fibre, which radiates from the orifice. Internally, the 
fibres fade off into the submucous tissue, while externally they blend with 
the true skin. By its contraction it raises the skin into ridges around the 
margin of the anus. 

The Sphincter ani externus (fig. 514) is a thin, flat plane of muscular fibres, 
elliptical in shape and intimately adlierent to the integument surrounding the 
margin of the anus. It measures about three or four inches in lengtli, from 
its anterior to its posterior extremity, b('ing about an inch in breadth, opposite 
the anus. It consists of two strata, superficial and deep. Tlic superficial, 
constituting the main portion of the muscle, arises from a narrow tendinous 
band, the ano-cMcygeal raphe, which stretches from the tip of the coccyx to 
the posterior margin of the anus; it forms two flattened planes of muscular 
tissue, whieli encircle the anus and meet in front to he inserted into the (scntral 
tendinous point of the perinmum, joining with the Transversus perinaei, the 
Levator ani, and the Accelerator urinae. The deeper portion forms a complete 
sphincter to the anal canal. Its fibres surround the canal, closely applied 
to the Internal sphincter, and in front blend Avilh the other muscles at the 
central point of the perinajum. In a considerable proportion of cases the 
fibres decussate in front of the anus, and are continuous with the Transversus 
perinaji. Posteriorly, they are not attached to the coccyx, the fibres of 
opjKJsite sides being continuous behind the anal canal. The up^)er edge 
of the muscle is ill-defined, since fibres are given off from it to join the 
Levator ani. 

Nerve-supply.—A branch from the fouith sacral and twigs from the inferior 
haemorrhoidal brajich of the internal pudic supply the muscle. 

Actions. —The action of this innscle is peculiar. 1. It is, like other muscles, 
glwtlys in a state of tonic contraction, and having no antagonistic muscle it keeps 
the anal canal and orifice closed. 2. It can be put into a c'ondition of greater 
contraction under the influence of the Avill, so as more firmly to occlude the anal 
aperture in expiratory efforts, unconnected with defecation. 3. Taking its fixed 
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point at the coccyx, it helps to fix the central point of the perinsBum, so that the 
Accelerator urinoe may act from this fixed point. 

The Sphincter ani internus is a niusoula.r ring which surrounds the aiml 
c£nal for about an inch ; its inferior border being contiguous with, but quite 
separate from, the External sphincter. This muscle is about a sixth of 
an inch in thickness, and is formed by an aggregation of the involuntary 
circular fibres of the intestine. Its lower border is about a quarter of an 
inch from the external orifitic. It is paler in colour and less coarse in texture 
than the External sphincter. 

Actions.—Its action is entirely involuntary. It helps tlu! External sphincter 
to occlude the anal aperture. 

2. A Mttsclb.s Axn Fascjaj oif 'ms Urogenttal Region in the Male 

(figs. 614, 515) 

Transversus p(!rinmi. Erector penis. 

Accelerator uririse. Compressor uretlnu*. 

Superficial fascia. —The superficial f isoia of this region consists of two 
layers, superficial and deep. 

The superjicial- layer is thick, loose, arci'lar in texture, and contains in its 
meshes much adipose tissue, the amount of which varies in different subjects. 
In front, it is continuous witli the dartos of the scrotum; behind, it is 
continuous with the subcutaneous areolar tissue surrounding the anus ; and. 


Fig. .514.—^Tlic j)crina'uin. 

The integument and sui)erlicial layer of superficial fascia reflected. 



on either side, with the same fascia on the inner sides of the thighs. In the 
middle line, it is adherent to the skin of the raphe and to the deei) layer of 
the superficial fascia. 

The deep layer of superficial fascia (fascia of tdlles) (fig. 514) is thin, 
aponeurotic in structure, and of considerable strength, serving to bind down 
the muscles of the root of the iienis. It is continuous, in front, uith the 
dartos of the scrotum, the deep fascia of the penis, the fascia of the spermatic 
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cord, and Scarpa’s fascia upon the anterior wall of the abdomen; on either 
side it is firmly attached to the margins of the rami of the pubis and ischium, 
external to the crus penis and as far back as the tuberosity of the ischium ; 
posteriorly, it curves round the Transversus perinsei muscles to join the lower 
margin of the triangular ligament. In the middle line, it is connected with 
the superficial fascia and with the median septum of the Accelerator urinse 
muscle. This fascia not only covers the muscles in this region, but sends 
upwards a vertical septum from its deep surface, which separates the back 
part of the subjacent space into two, the septum being incomplete in front. 

The central tendinous point of the perinaeum. —This is a fibrous point 
in the middle lino of the perinaeura, between the urethra and the rectum; and 
about half an inch in front of the anus. At this point six muscles converge 
and are attached : viz. the External sphincter ani, the Accelerator urinae, 
the two Transversi perinaei, and the anterior fibres of the Levatores ani; so 
that by the contraction of these muscles, which extend in different directions, 
it serves as a fixed point of support. 

The Transversus perinaei is a narrow muscular slip, w'hich passes more 
or less ti’ansvemely across t he perineal space in front of the anus. It arises 
by tendinous fibres from the inner and fore part of tlu! tuberosity of the 
ischium, and, running inwards, is inserted into the central tendinous point of 
the perinaeum, joining in this situation with the muscle of the opposite side, 
with the External sphinctc'r ani behind, and uith the Accelerator urin® in 
front. In some eases, the fibres of the deeper layer of the Sphincter ani 
decussate in front of the anus and are oordinued into this muscle. 
Occasionally it gives off fibres, which join with the Accelerator urinse of the 
same side. 

Nerve-supply.—It is suppUed by the pcrii}eal branch of the internal pudic.. 

Actions.—The simultaneous contraction of the two muHclc.s serves to fix tin; 
central'tendinous point of the perinaeum. 

The Accelerator or Ejaculator urinae (m. bulbocavornosus) is placed in 
the middle line of the perinmum, in front of the anus. It consists of two 
symmetrical parts, united along the nudian line by a tendinous raphe. It 
arises from the central tendon of the j>crin®um and from the median raphe in 
front. Its fibres diverge like the plumes of a quill-pen ; the most posterior 
form a thhi layer, which is lost on the superficial surface of the triangular 
ligament; the middle fibres encircle the bulb and adjacent parts of the corpus 
spongiosum, and join with the fibres of the opposite side, on the upper part 
of the corpus spongiosum, in a strong aponeurosis ; the anterior fibres, the 
»longest and most distinct, spread out over the side of the corpus cavernosura, 
to be inserted partly into that body, anterior to the Erector penis, occasion¬ 
ally extending to the pubis, and partly terminating in a tendinous expansion 
which covers the dorsal vessels of the penis. The latter fibres are best seen 
by dividing the muscle longitudinally, and reflecting it outwards from the 
surface of the <!orpus si)ongiosum. 

Actions.—This muscle serves to empty the canal of the urethra, after the 
bladder has expelled its contents ; during the greater part of the act of micturition 
its fibres are relaxed, and it only comes into action at the end of the process. The 
middle fibres are supposed by Krause to a8.sist in the erection of the corpus spongio¬ 
sum, by compressing the erectile tissue of the bulb. The anterior fibres, accordipg 
to Tyrrel, also contribute to the erection of the penis by compressing the dorsal 
vein, as they are inserted into, and continuous with, the fascia of the penis. 

The Erector penis (m. ischiocavernosus) covers the crus penis. It is an 
elongated muscle, broader in the middle than at either extremity, and situated 
on either side of the lateral boundary of the perinmum. It arises by tendinous 
and fleshy fibres from the inner surface of the tuberosity of the ischium, 
behind the crus penis ; and from the rami of the pubis and ischium on either 
side of the crus. From these points fleshy fibres succeed, and end in an 
aponeurosis which is inserted into the sides and under surface of the crus 
penis. 

Nerve-supply.—The Erector penis is supplied by the perineal branch of the 
internal pudic. * 

Action.—The Erector penis compresses the crus penis, and retards the return 
of the blood through the veins, and thus serves to maintain the organ erect. 
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Between the muscles just examiuod a triangular space exists, bounded internally 
by the Accelerator urinse, externally by the Erector penis, and behind by the Trans- 
versus perinsei. The floor of this space is formed by the triangular ligament of 
the urethra (deep perineal fascia), and running from behind forwards in it are 
the superficial perineal vessels and nerves, and the long pudendal nerve. The 
transverse perineal artery courses along the posterior boundajy of the space on 
the Transversus pcrincei. 

The fiii’ir jp of the urogenital region forms an investment for the 

Compressor urethr^ but within it lie also the deep vessels and nerves of 
this part, the whole forming a transverse septum which is known as the 


Fig. 615.—Muscles of male perinicum. 



diaphragma uroge/nitah. From its s]ia])u it is usually termed the triangular 
ligament, and it is stretched almost horizontally across the pubic arch, so as to 
close in the front part of the outlet of the pelvis. It consists of two dense 
membranous laminae, wliich are united along their posterior borders, but are 
separated in front by intervening structures. The superficial of these two 
layers, the inferior layer of the triannular liaament ^fascia rlianhra.inuati(; 
rnuydjfljgi m t il iiiiiiiu. hmT()b i . 

^Wpexi^Brected f<#wards, and is separated from the subpubic ligament 
by an oval opening for the transmission of the dorsal vein of the penis. Its 
lateral margins are attached on either side to the rami of the pubis and 
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ischium, above the crus penis. Its base is directed towards the rectum, and 
connecU'd to the central tendinous point of the perinaeum. It is continuous 
with the deep layer of the superficial fascia behind the Transversus perinaei 
muscle, and with a thin fascia which covers the under surface of the Levator 
ani muscle {anal fascia). 

This layer of the triangular ligament is perforated, about an inch below 
the symphysis pubis, by the urethra, the aperture for which is circular in 
form and about a quarter of an inch in diameter ; by the arteries to the bulb 
and the ducts of Cowper’s glands close to the uretJiral orifice ; by the arteries 
to the corpora cavernosa—one on either .side close to the pubic ju-ch and about 
halfway along the attached margin of tJio ligament; by -the dorsal arteries 
and nerves of the penis near the apex of the ligament. Its base is also 
perforated by the superficial perineal vessels and neives. while between its 
apex and the subpubic ligament the deep dorsal vein of the penis passes 
upwards into the pelvis. 

If the superficial or inferior layer of the triangular ligament be detached 
on either side, the following structures will be seen between it and the deep 
layer : tlus dorsal vein of the penis ; the membranous portion of the urethra, 
and the Compressor urethra* muscle : (bwper’s glands and their ducts ; the 
pudic vessels and dorsal nerves of the penis; the arteries and nerves of the 
bulb, and a plexus of veins. 

The deep or superior layer of the triangular ligament (fascia diaphragmatica 
urogenitalis superior) is continuous with the obturator fastsia and stretc'hes 
across the pubic arch. If the obturator fascia be traced inwards after leaving 
the Obturator internus niuscle, it will be found attached by some of its 
deeper or anterior fibres to the inner margin of the ischio-pubic; ramus, while 
its superficial or iJostorior fibres pass over this attachment to form the superior 
layer of the t riangulai* ligam(*nt. Behind, this layer of t he fascia is continuous 
with the inferior layer and Avith the fascia of Colhis, and in front it is 
continuous AA'ith the fascial sheath of the prostate gland. 

The Compressor urethrae (m. constrictor Airethric) surrounds the Avhole 
length of th(i membranous portion of the urethra, and is contained betwct'ii 
the tAvo layers of the triangular ligament. It arises by aponeurotic fibres 
from the junction of the rami of the pubis and ischium, to the extent of 
half or t-ln’ec-quarters of an inch : <*ach segment of the muscle passes inA\ards, 
and divides into tAA’o fasciculi, which surround the urethra from the ju’ostate 
gland behind to the bulbous portion of the urethra in front ; and unite, at 
the upper and loAver surfaces of this tube, Avith the muscilc of tin* opposite 
side, by means of a tendinous raphe. 

Nerve-supply. —The perineal branch of the internal ])udic supplies this muscle. 

Actions. —The muscles of both sides act togcth(>.r as a sphincter, compressing 
the membranems portion of the urethra. During the transmission of fluids they, 
like the Acccleratores urinm, are relaxed, and only come into action at the end of 
the process to eject the last drops of the fluid. 

2. B. Muscles of the Ukooe.nixal Region in the Female (fig. 516) 

Transversus jierinaii. Erector clitoridis. 

Sphincter vagina?. Compressor urethrae. 

The Transversus perinaei in the female is a narroAv muscular slip, which 
pas.ses more or less transversely across the back part of the perineal space. 
It arises by a small tendon from the inner and fore part of the tuberosity of 
the ischium, and, passing inAA'ards, is inserted into the central point of the 

S eriiueum, joining in this situation w'ith the muscle of the ojpposite side, the 
Ixternal sphincter ani behind, and the Sphincter vaginae in front. 
Nerve-supply. —This muscle is supplied by the perineal branch of the internal 
pudic. 

Action. —The simultaneous contraction of the two muscles serves to fix the 
central tendinous point of the perinmura. 

The Sphincter vaginae (m. bulbocavernosus) siftrounds the orifice of 
the vagina, and is homologous Avith the Accelerator urinae in the male. It 
covers the outer aspect of the vestibular bulbs, and is attached posteriorly 
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to the central tendinous point of the perinseum, where it blends with the 
External sphincter ani. Its fibres pass forwards on either side of the vagina, 
to be inserted into the corpora cavernosa of the clitoris, a fasciculus crossing 
over the body of the organ so as to compress the dorsal vein. 

Nerve-supply. —It is supplied by the perineal branch of the internal pudic. 

Actions.—The Sphincter vagina) diminishes the orifice of the vagina. The 
anterior fibres contribute to the erection of the clitoris, as they are inserted into 
and are continuous with the fascia of the clitoris, compressing the dorsal vein 
during the contraction of the muscle. 

The Erector clitoridis (m. ischiocavernosus) cori-osponds with the Erector 
penis in the male, but is smaller. It covers the unattached surface of the 
crus clitoridis. It is an elongated muscle, broader at the middle than at 
cither extremity, and situated on the side of the lateral boundary of the 
perinajuin. It arises by tendinous and fleshy fibres from the inner surface 


Fig. 516.—^Muscles of iho female perinoeum. (Modified from a drawing by 

Peter Thompson.) 
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of the tuberosity of the ischium, behind the crus clitoridis ; from the surface 
of the crus ; and from the adjacent portion of the ramus of the ischium. From 
these points fleshy fibres succeed, and end in an aponeurosis, which is inserted 
into the sides and under surface of the crus clitoridis. 

Nerve-supply. —The perineal branch of the internal pudic supplies this muscle. 

Actions. —The Erector clitoridis compresses the crus clitoridis and retards the 
return of blood through the veins, and thus serves to maintain the organ erect. 

The tri ang ular ligament in the female is not so strong as in the male. 
It is attached to the pubic arch, its apex being connected with the subpubio 
ligament. It is divided in the middle line by the aperture of the vagina, with 
the external coat of which it becomes blended, and in front of this is per¬ 
forated by the urethra. Its posterior border is continuous, as in the male, with 
the deep layer of the superficial fascia around the Transversus ^rineei muscle. 

Like the triangular ligament in the male, it consists of tw'O layers, between 
which are to be found the following structures : the dorsal vein of the clitoris. 
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a portion of the urethra and the Compressor urethrae musole, the glands* of 
Bartholin and their ducts: the pudic vessels and the dorsal nerves of the 
clitoris ; the arteries and nerves of the bulbi vestibuli, and a plexus of veins. 

The Compressor urethrx (m. constrictor urethrae) arises on either side 
from the margin of the descending ramus of the pubis. The fibres, passing 
inwards, divide into two sets : those of the fore part of the musole are directed 
across the subpubic arch in front of the urethra to blend with the muscular 
fibres of ^he opposite side; while those of the hinder and larger part pass 
inwards to blend with the wall of the vagina behind the urethra. 

Nerve-supply. —It is supplied by the perineal branch of the internal pudic. 


MUSCLES AND FASCLE OF THE UPPER EXTREMITY 

The muscles of the uppei* extremity are divisible into groups, con’esponding 
with the different regions of the limb. 


I. Thoracic Region 

1. Anterior Thoracic Region. 

Pectoralis major. Pectoralis minor. 
Subclavius. 

2. Lateral Thoracic Region. 

Serratus magnus. 

II. SHOtTLDER AND ArM 

3. Acromial Region. 
Deltoid. 

4. Anterior Scapular Region. 

Subscapularis. 

5. Posterior Scapular Region. 

Suprasijinatus. Teres minor. 

Infraspinatus. Teres major. 

6. Anterior Humeral Region. 

Coraco-brachialis. Biceps. 

Brachiaiis anticas. 

7. Posterior Humeral Regio'n. 

Triceps. Subanconeus. 

* III. Forearm 

8. Anterior Radio-ulnar Region. 

Pronator teres. 

„ Flexor carpi radialis. 

'S Palmaris longus. 

Flexor carpi ulnaris. 

Flexor subJimis digitorum. 


ft, (Flexor profundus digitorum. 

S Flexor longus pollicis. 

Q ,3 • Pronatoi' quariratus. 

9. Radial Region. 

Braehio-radialis (Supinator longus). 
Exlcnsor carpi radialis longior. 
Extensor carpi radialis brevior. 

10. Posterior Radio-ulnar Region. 

.S . (Extensor communis digitorum. 
eg §3 Extensor minimi digit i. 

^ 5*, Extensor carpi ulnaris. 
'Anconeus. 

^ j Supinator brevis, 
ftn ^ I Extensor ossis metacar])i pollicis. 
ol Extensor brevis pollicis. 

^ j j Extensor longus j)ollicis. 

' Extensor indicis. 

IV. Hand 

11. Radial Region. 

Abductor pollicis. 

Opponens pollicis. 

Fle.xor brevis pollicis. 

Adductor obliquus pollicis. 
Adductor transversus pollicis. 

12. Ulnar Region. 

Palmaris brevis. 

Abductor minimi digiti. 

Flexor brevis minimi digiti. ’ 
'Opponens minimi digiti. 

13. Middle Palmar Region. 
Lumbricales. luterossei palmares. 
Interossei dorsales. 


I. Mtr.scj.ns and FAsciiE of tub Thoracic Region 
1. Anterior Thoracic Region 

Pectoralis major. Pectoralis minor. 

. Subclavius. 

The superficial fascia of the anterior thoracic region is a loose cellulo- 
fibrous layer, enclosing mas.sos of fat in its spaces. It is continuous with the 
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superficial fascia of the neck and upper extremity above, and of the abdomen 
below. Opposite the mamma it divides into two layers, one of which passes in 
front of, the other behind that gland ; from both layers nurnerous septa pass 
into the gland, supporting its various lobes : from the anterior layer, fibrous 
processes pass forwards to the integument and nipple. These processes were 
called by Sir A. Cooper the ligamenta suspensoria, from the support they afford 
to the gland in this situation. * 

The deep fascia of the anterior thoracic region (fascia pectorolis) is a thin 
lamina, covering the surface of the Pectoralis major, and sending numerous 
prolongations between its fasciculi: it is attached, in the middle line, to the 
front of the sternum ; above, to the clavicle ; externally and below it becomes 
continuous with the fascia over the shoulder, axilla, and thorax. It is very 
thin over the upper part of the Pectoralis major muscle, thicker in the interval 
between it and the Latissimus dorsi, where it closes in the axillary space, 
and forms tiic fascia axillaris] it divides at the outer margin of the latter 
muscle into two layers, one of w^hich passes in front, and the other behind 
it; these proceed as far as the spinous processes of the thoracic vertebra?, 
to which they arc attached. As the fascia leaves the lower edge of the 
Pectoralis major to pass across tlie floor oi the axilla it sends a layer upwards 
under cover of th(' muscle ; this lamina splits to envelop the Pectoralis 
minor, at the upper edge of which it be comes continuous with the costo- 
coracoid membrane*. The hollow of the armpit, seen when the arm is 
abducted, is produced mainly by tiui traction of this fascia on the axillary 
floor, and hence the lamina is sometimes named the suspensory ligament of 
tlie axilla. At the lower part of the thoracic region tlie deep fascia is w'ell 
developed, and is continuous witli the fibrous sheaths of the Recti abdominis. 

Applied Anatomy .—In cases of suppuration in the axilla, the axillary fascia prevents 
the extension of the pus in a downward direction, and so it has a tendency to 
spread uj»wards, beneath the Pectoral muscles, towards the root of the neek. Early 
evacuation is therefore necessary, niie incision should he made midway between the 
anterior and posterior axillary folds, 8i> as to avoid the long thoracic and subscapular 
vessels, and the edge of the knife should be directed away from the axillary vessels. 

The Pectoralis major (fig. 517) is a broad, thick, triangular muscle, 
situated at the upi)er and fore ])art of tlie chest and in front of tlie axilla. 
It arises from the anterior surface of the sternal half of the clavicle ; from 
half the breadth of the anterior surface of tlie sternum, as low down as the 
attachment of the cartilage of the sixth or seientli rib ; from the cartilages 
of all the true ribs, with the exception, frequently, of the first, or seventh, 
or botli, and from the aponeurosis of tlie External oblique muscle of the 
abdonu'n. The fibrc.s from this extensive origin converge towards their inser¬ 
tion, giving to 1 he muscle a radiated appi'aranee. Those fibres uhich arise from 
tlie clavic’le pass obliquely outwards and doAvnwards, and are usually separated 
from the rest by a slight interval : those from the lower jiart of the sternum, 
and the cartilages of the lower true ribs, run upwards and outwards ; while 
the middle fibres pass liorizontally. They all terminate in a flat tendon, 
about two inches broad, which is inserted into the outer bicipital ridge of the 
humerus. This tendon consists of two laminae, placed one in front of the other, 
9 Bd usually blended together below. The anterior lamina, the thicker, receives 
tlie clavicular and the upper fibres-of the sternal portion of the muscle ; its 
fibres are inserted in the same order as that in u hich they arise : that is to 
say, the outermost fibres of origin from the clavicle are inserted at the uppermost 
part of the bicipital ridge ; tlie upper fibres of origin from the sternum pass 
down to the lowermost part of this anterior lamina of the tendon and extend 
as low as the tendon of the Deltoid and join with it. The posterior lamina 
of the tendon receives the attachment of the lower fibres of the sternal portion 
and the deeper part of the muscle from the costal cartilages. These deep 
fibres, and particularly those from the low'cr costal cartilages, ascend the higher, 
turning backwards successively behind the superficial and upper ones, so 
that the tendon appears to be twisted. The posterior lamina reaches higher 
on the humerus than the anterior one, and from it an expansion is riven off 
which covers the bicipital groove and blends with the capsule of the wioulder- 
joint. From the deepest fibres of this lamina at its insertion an expansion 
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and protects the axillary vessels and nerves. Traced upwards, it splits to 
enclose the Subclavius muscle, and its two layers are attached to the ^vicle, 
one in front of and the other behind the muscle ; the latter layer fuses with the 
deep cervical fascia and with the sheath of the axillary vessels. Internally, it 
blends with the fascia covering the first two intercostal spaces, and is attached 
also to the first rib internal to the origin of the Subclavius muscle. Externally, 
it is very thick and dense, and is attached to the coracoid process. The portion 
extending from the first rib to the coracoid process is often whiter and denser 
than the rest, and is sometimes called the eosto-coracoid ligament. Below 
this, it is thin, and at the upper border of the Pectoralis minor it splits into 
two layers to invest the muscle ; from the lower border of the Pectoridis minor 
it is continued downwards to join the axillary fascia, and outw'ards to join 


Fia. 618.—^Muscles of tho chest and front of the arm, with tho boundaries 

of the axilla. 



the fascia over the short head of the Bicep's. The costo-coracoid membrane 
is pieiced by the cephalic vein, acromio-tlioracic aitciy and vein, superior 
thoracic artery, and external anterior thoracic ner\ e. 

The Pectoralis minor (fig. 518) is a thm, fiat, triangular muscle, situated 
at tho upper part of tho thorax, beneath the Pectoralis major. It arises by 
throe tendinous digitations, from the upjier margins and outer surfaces of 
the third, fourth, and fifth ribs, near their caitilages, and from tho aponeuroses 
covering the Intercostal muscles ; the fibies pass upwards and outwards, 
and converge to form a fiat tendon, which is insertedf into the inner border 
and upper surface of the coracoid process of the scapula. 

Relations.—By its anterior svarface it is in relation with the Pectoralis major, the 
external anterior thoracic nerve, and the thoracic branches of the acromio-thoracic artery. 

mm2 
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By its ^aterior surface, 'with the ribs, Intercostal muscles, Serratus xhagnus, the axillary 
space, and the axillary Tessels and brachial plexus of nerves. ItsVpper border is separated 
from the clavicle by a naiTow triangular interval which is occupied by the costo-coracoid 
memhnme, behind which are the axillary vessels and nerves. Running parallel to the' 
iotcer border of the muscle is the long thoracic artery, and piercing the muscle is the 
mtemal anterior thoracic nerve. 

The Subclavius is a small triaivgular muscle, placed in the interval betw^een 
the clavicle and the first rib. It arises by a short, thick tendon from the 
* first rib and its cartilage at their junction, 

in front of the rhomboid ligament; the 
flesliy fibres j)roceed obliquely up'wards 
and outwards, to bo inserted into the 
groove on the under surface of the clavicle 
between the rhomboid and conoid liga¬ 
ments. 


Fig. 619. —Serratus magnus. (Fioni 
a preparation in the Museum of 
the Royal College of Surgeons of 
England.) 

SjJinr (ij 



Relations.—Its deep ««r/oce is separated from 
the first rib by the subclavian vessels and brachial 
jdexus of nerves. Its anterior surface is sepa¬ 
rated from the Pectoralis major by the costo- 
coracoid membrane, which, with the clavicle', 
forms an osseo-fibrous sheath in which the muscle 
is enclosed. 

Nerves. —The Pectoralis major is supplied 
by the external and int ernal anterior thoracic 
nerves; through these nerves the muscle 
rticeives filaments from all the spinal nerves 
entering into the formation of the brachial 
plexus; the Pectoralis minor receives its 
fibres fj'oin the eighth cervical and first 
thoracic nerves through the internal anterior 
thoracic nerve. The Subclavius is supplied 
by a filament derived from tin! fifth and 
sixth cervical nerves. 

Actions.—If the arm has beiui raised by 
the Deltoid, the Pectoralis major will, con¬ 
jointly with the Latissimus dorsi and Teres 
major, depress it to tin; side of the chest. 
If acting alone, it adducts and draws for¬ 
wards the arm, bringing it across the front 
of the chest, and at the same time) rotates 
it inwiirds. The Pectoralis minor depresses 
the point of the shoulder, drawing the scapula 
downwards and inwards to the thorax, and 
throwing the inferior angle backwards. • The 
Subclavius depresses the shoulder, drawing 
the clavicle downwards and forwards. When 
the arms are fixed, all three muscles act 
upon the ribs, drawing them upwards and 
expanding the chest, and thus becoming 
very important agents in forced inspiration. 
During an attack of asthma patients always assume an attitude which fixes the 
shoulders, so t.liat all tliese muscles may be brought into action to assist in dilating 
the cavity of the clu'st. 


lirt. (Miijiir 
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2. Lateral Thoracic Region 






Serratus t giag ni^ ' 

''' Tim Serratus (m. serratus anterior) (fig. 519) is a thin, irregularly 
quadrilateral muscRrrSifuatcd between the ribs and the scapula at the upper 
and lateral part of the chest. It arises by fleshy digitations from the outer 
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«urfaces and upper l^orders of the upper eight or nine riba, and from the 
aponeuroses covering the intervening Intercostal muscles. Each digitation 
(except the first) arises from the corresponding rib ; the first digitation arises 
from the first and second ribs, and from the fascia covering the fi’st intercostal 
space. From this extensive attachment the fibres pass backwards, closely 
applied to the chest-wall, and reach the vertebral border of the scapula, and 
are inserted into its ventral aspect in the following manner. The first digita¬ 
tion, arising from the first and second ribs, is inserted into a triangular area 
on the ventral suifaco of the superior angle. Tlie next two digitations (i.e. 
from the second and third ribs) spread out to form a thin, triangular sheet, 
the base of whicli is directed backwards and is insertt'd into nearly the whole 
length of the ventral surface of flic-vertebral border. The lower five or six 
digitations converge to form a fan-shaped mass, the apex of whicli is inserted, 
by. muscular and by tendinous fibres, into a triangular impression on the 
ventral surface of the inf(>rior angle. The lowaw four slips interdigitate at 
their origins with the upper five slips of the External oblique muscle of the 
abdomen. 

Relations.—This muscle is partly covered, in ront, by the Pectoral muscles and by the 
manua.ary gland; beliind, by tho iSubscapiilaris. The axillary vessels and norvoa lie 
upon its upper part, while its deeii surface rests ui on the ribs and Tntercnstal muscles. 

Nerves. —Tin* 8crratus magnus is supplied by the ]) 08 torior thoracic nerve, 
which is dcriv ul from the fifth, sixth, and seventh cervical nerves. 

Actions. —T hu t jSepratus magnus, as a whole, carries the scapula lorvyafds, 
an^ut the same time raises the vertebi-al border of the bone. It is therefore 
concerned in the action of pushing. Its lower and stronger fibres move forwards 
the lower angle and assist the Trapezius in rotating the hone at the steriio-clavicular 
joint, and thus assist this muscle in raising the acromion and supporting weights 
upon tho shoulder. It is also an assistant to the 1 leltoid in raising the arm, inasmuch 
as during tho action of this latter muscle it fixes the scapula and so steadies the 
gh'noid cavity on which the head ol the hiimcTus rotates. Alter the Deltoid has 
raised the arm to a right angli* with the trunk, the Serrutus magnus and the 
Trapezius, bv rotating the scajnda, raise the arm into an almost vertical position. 
It is possible that when the shoulders are fixed the lower fibres of the Serratus 
magnus may assist in raising and everting the, ribs; but it is not the important 
inspiratory muscle it w'as formerly belic‘\ ed to be. 

Applied Anatomi /.—When the muscle is paralysed, the vertebral border, and especially 
the lower angle of the scapula, leave the ribs and stand out prominently on the surface, 
giving a imcullar ‘winged’ ax>poaranoe 1o the back (page 294). The i)atient is unable 
to raise tho arm, and an attt^mpt to do so is followed by a further projection of the lower 
angle of t'le scapula from the back of tho thorax. 

IT. Mu.un.i5s ATSTU Fa.sc’i.u of the Shoulder and Abm 

TJic superficial fascia of the upper extremity is a thin fibro-ccllular 
layer, containing the sujxjrficial veins and lymphatics and the cutaneous nerves. 
It is most distinct in front of the elbow, where it contains very large superficial 
veins and nerves; in the hand it is hardly demonstrable, the integument 
being closely adherent to the deep fascia by dense fibrous bands. Subcutaneous 
bursae are found in this fascia over the acromion, tho olecranon, and the knuckles. 

The deep fascia of the upper extremity comprises the fascia of the 
shoulder, arm, and forearm, the anterior and posterior annular ligaments 
of the carpus, and the palmar fascia. These wdU be considered in the 
description of the muscles of the several regions. 

3. Acromial Region 
Deltoid. 

Tho deep fascia covering the Deltoid invests the musdle, and sends 
numerous prolongations between its fasciculi. In front it is continuous with 
the fascia covering the Pectoralis major; behind, where it is thick and strong, 
with that covering the Infraspinatus; above, it is attached to the clavicle. 
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the acromion, and the spine of the scapula; below, it is continuous with the 
deep fascia of the arm. 

The Deltoid (m. deltoideus) (fig. 617) is a large, thick, triangular muscle, 
which gives the rounded outline to the shoulder, andhas received its name froni 
its resemblance to the Greek letter d inverted. It covers the shoulder-joint in 
front, behind, and on the outer side. It arises from the anterior border and 
upper surface of the outer third of the clavicle; from the outer margin and 
upper surface of the acromion process, and from the lower lip of the posterior 
border of the spine of the scapula, as far back as the triangular surface at 
its imier end. From this extensive origin the fibres converge towards their 
insertion, the middle passing vertically, the anterior obliquely backwards and 
outwards, the posterior obliquely forwards and outwards ; they unite to form 
a thick tendon, which is inserted into a rough triangular prominence on the 
middle of the outer side of the shaft of the humerus. At its insertion the 
muscle gives off an expansion to the deep fascia of the arm. This muscle is 
remarkably coarse in texture, and the airangement of its fibres is somewhat 
pecuUar; the central portion of the muscle—that is to say, the part arising 
from the acromion process—consists of oblique fibres; these arise in a bipenni- 
form manner from the sides of tendinous intersections, generally four in 
number, which are attached above to the acromion process and pass downwards 
parallel to one another in the substance of the muscle. The oblique fibres 
thus formed are inserted into similar tendinous intersections, generally three 
in number, which pass upwards from the insertion of the muscle and 
alternate M'ith the descending septa. The portions of the muscle which 
arise from the clavicle and spine of the scapula are not arranged in this 
manner, but pass from their origin above to be inserted into the margins of the 
inferior tendon. 

Relations.—The Deltoid is in relation by its superficial surface with the integument, 
the Buperficial and deep fascia, Platysma, and Bujtra-acromial nerves. Its deep surface 
is separated from the capsule of the shoulder-joint by a large synovial bursa, and covers 
the coracoid process, coraco-acromial ligament, Pectoralis minor, Coraco-brachialis, both 
heads of the Biceps, the tendon of the Pectoralis major, the insertions of the Supra- 
spinatus, Infra.spinatus, and Teres minor, the scajmlar and external heads of the 
'J’riceps, the circumflex vessels and nerve, and the upper part of the shaft of the humerus. 
Its anterior border is separated at its upjwr part from the Pectoralis major by a cellular 
interspace, which lodges the cephalic vein and humeral branch of the acroraio-thoracic 
artery: lower down the two muscles are m close contact. Its posterior border rests on 
the InfraspinatuB and Triceps muscles. 

Nerves.—The Deltoid is supplied by the fifth and sixth cervical through the 
circumflex nerve. 

Actions. —The Deltoid raises the arm directly from the side, so as to bring it 
at right angles with the trunk. Its anterior fibres, assisted by the Pectoralis 
major, draw the arm forwards ; and its posterior fibres, aided by the Teres major 
and Latissimus dorsi, draw it backw-ards. 

Applied Anatomy. —The Deltoid is very liable to atrophy, and in this condition dis¬ 
location of the shoulder-joint is simulated as there is flattening of the shoulder and apparent 
prominence of the acromion process; the distance also between the acromion process 
and the head of the bone is increased, and the tips of the fingers can be inserted between 
tlu-m. Atrophy of the Deltoid may bo due to disuse, such as follows chronic arthritis 
or i)ermanent injury of the shoulder-joint. It also frequently results from degenerations 
occurring in the spinal cord, or injury to the circumflex nerve (‘ crutoh-paky ’). Tlie 
Deltoid and Spinati often escape in myopathic atrophies affecting the other muscles of 
the upper arm or shoulder in young persons. 

4. ArUerior Scapular Region 
Subscapularis. 

The fascia subscapularis is a thin membrane attached to the entire 
circumference*of the subscapular fossa, and affording attachment by its inner 
surface to some of the fibres of the Subscapularis muscle. 

The Subscapylaris (fig. 618) is a largo triangular muscle w’hioh fills up the 
subscapular fossa, add arises from its internal two-thirds and from the lower 
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two-thirds of the groove on the axillary border of the bone. Some fibre! 
arise from tendinous laminse which intersect the muscle and are attached 
to ridges on the bone ; others from an aponeurosis, which separates the muscle 
from the Teres major and the long head of the Triceps. The fibres pass 
outwards, and, gradually converging, terminate in a tendon which is 
into the le8Bt ;r tuberosity of the humerus a<nd the front of the capsular uga- 
ment of tho"^uI3eiP^38mfr‘'^^ muscle is separated from the 

neck of the scapula and anterior part of the cap8ula,r ligament of the shoulder- 
joint by a large bursa, which communicates with the cavity of the joint by an 
aperture in the capsular ligament. 


Fig. 520.—^Muscles on the dorsum of the scapula and the Triceps. 



Relations.—The anterior surface of this muscle forms a considerable part of the 
posterior wall of the axilla, and is in relation with tho Scrratiis magnus, Coraco-brachialis, 
and Biceps, tho axillary vessels and brachial plexus of nerves, and the subscapular vessels 
and nerves. Its posterior surface is in relation uith the scapula and the capsular 
ligament of the shoulder-joint. Its lower border is in aontact with the Teres major and 
Latissimus dorsi. 

Nerves.—The Subscapularis is supplied by the fifth and sixth cervical nerves 
through the upper and lower subscapular nerves. 

Actions.—The Subscapularis rotates the head of the humerus inwards; when 
the ann is raised, it draws the humerus forwards and downwards. It is a powerful 
defence to the front of the shoulder joint, preventing displacement of the head of 
the bone. 

5. Posterior Scapular Begion (fig. 620) 

Supraspinatus. Teres minor. 

Infraspinatus. Teres major.* 

The fascia supraspinata completes the osseo-fibrous case in which the 
Supraspinatus muscle is contained; it affords attachment, by its deep 
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surface, to some of the fibres of the muscle. It is thick internally, but thinner 
externally under the coraco-acromial ligament. 

The occupies the whole of the supraspinous fossa^ arising 

from its mtemal two-thirds, and from the strong fascia 4fhich covers its 
surface. The muscular fibres converge to a tendon, which passes across the 
upper part of the capsular ligament of the shoulder-joint, to which it is 
intimately adherent, and is inserted into the highest pi, th e t hree in inressions 
”” olthe.TK^erus. 

The fascia ihfraspihata is a dense fibrous membrane, covering in the 
Infraspinatus muscle and fixed to the circumference of the infraspinous fossa ; 
it affords attachment, by its inner surface, to some fibres of that muscle. It 
is intimately attached to the deltoid fascia along the overlapping border of 
the Deltoid muscle. 

The Infi^i^natllS is a thick triangular muscle, which occupies the chief 
part of ttie iniraspinous fossa, arising by fleshy fibres from its internal two- 
thirds ; and by tendinous fibres from the ridges on it s surface ; it also arises 
from a strong fascia which covers it externally, and separates it from the 
Teretes major et minor. The fibres converge to a tendon, which glides over 
tlie external border of the spine of the scapula, and, passing across the posterior 
part of the capsular ligament of the shoulder-joint, is inserted into tX«J ujiddle 
impression on the gi-eat tuberosity of the humerus.' The tendon of this 
mu&cle is sometimes separated from the csipsule of the shoulder-joint by a 
synovial bursa, Mhich may communicate with the joint cavity. 

The T?reS is a narrow, elongated muschi, which arises from the 

dorsal sunace of the axillary border of the scapula for the upper two-thirds of 
its extent, and from two aponeurotic laminae, one of which separates it 
from the Infraspinatus, the otlicJ' from the Teres major. Its fibres run 
obliquely upwards and outwards ; the upper ones terminate in a tendon 
which is inserted intp the lowest of the three impressions on the great tuberosity 
of the hunierus i " the lower fibres are inserted directly into the humerus 
immediately below this impression. The tendon of this muscle passes across, 
and is united with, the posterior part of the capsular ligament of the shoulder- 
joint. 

The T^eres major is a thick but somewhat flattened muscle, and arises 
from the ovaT“arca bn the dorsal surface of the inferior angle of the scapula, 
and from the fibrous septa interposed between it and the Teres minor and 
Infraspinatus; the fibres are directed upwards and outwards, and terminate 
in a flat tendon, about two inches in length, which is insert ed in to t h e biiie r 
bicipital ridge of the humerus. The tendon, at its insertion’ihCcTl'Iie huinerus, 

1 ira behlfiii that of ' the Liinssimus dorsi, from which it is separated by a 
synovial bursa, the two tendons being, however, united along their lower 
borders for a short distance. 

Nerves,—The Supra- and Infra-spinatus muscles are supplied by the fifth and 
sixth cervical nerves through the suprascapular nerve; the TeniS minor, by the 
fifth cervical, through the (urcumflex ; and the Teres major, by the fifth and sixtli 
cervical, tlirough the lower subscapular. 

Actions, —The Supraspinatus assists the Deltoid in raising the arm from the 
side, and fixes the head of the humerus in the glenoid cavity. The Infraspiriatus 
and Teres minor rotate the head of the liumerus outwards : they also assist in 
carrying the arm backwards. One of the most important uses of these three 
muscles is the great protection they afford to the shoulder-joint, the Supra- 
spiiiatus supporting it above, and preventing displacement of the head of the 
humerus upwards, while the Infraspinatus and Teres minor protect it behind, 
and prevent, dislocation backwards. I’he Teres major assists the Latissimus 
dorsi in drawing t.b«i previously raised humerus d«)wnwards and backwards, 
and in rotating it inwards ; when the arm is fixed it may assist the Pectorals 
and Latissimus dorsi in drawing the trunk forw'ards. 

6 , Anterior Humeral Region (fig. 518) 

Coraco-brachialis. Biceps. Brachialis anticus. 

The deep fascia of the arm (fascia brachii)i8 continuous with that covering 
the Deltoid and the Pectoralia major, by means of which it is attached, above, 
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to the clavicle, acromion, and spine of the scapula; it forms a thin, loose, 
membranous sheath investing the muscles of the arm, and sends inwards septa 
between them ; it is composed of fibres disposed in a circular or spiral direction, 
and connected together by vertical and oblique fibres. It differs in thickness 
at different parts, being thin over the Biceps, but thicker where it covers the 
Triceps, and over the condyles of the humerus : it is strengthened by fibrous 
aponeuroses, derived from the Pectoralis major and Latissimus dorsi on the 
inner side, and from the Deltoid externally. On cither side it gives off a 
strong intermuscular septum, which is attached to the corresponding supra¬ 
condylar ridge and condyle of the humerus. These septa servo to separate 
tlie muscles of the anterior from those of the posterior brachial region. The 
external intermuscular septum extends from the lower part of the anterior 
bicipital ridge, along the external supracondylar ridge, to tbe outer epicondyle ; 
it is blended with the tendon of the Deltoid, gives attiichment to the Triceps 
behind, to the • Brachialis anticus, BracMo-radialis and Extensor carpi 
radialis longior in front, and is perforated by the musculo-spiral nerve and 
superior profunda artery. The internal intermujscukir septum, thicker than 
the preceding, extends from the lower pai'l of the posterior lip of the bicipital 
groove Ixilow the Teres major, along the internal supracondylar ridge to the 
inner epicondyle ; it is blended with the tendon of the Coraeo-brachialis, and 
affords attachment to the Triceps behind and the Brachialis anticus in front. 
It is perforated by the ulnar nerve, the inferior profunda artery, and the 
posterior branch of the anastomotic artery. At the elbow, the deep fascia 
is attached to all the prominent points round the joint, viz. the epicondyles 
of the humerus and the olecranon process of the ulna, and is continuous with 
the deep fascia of the forearm. Just below the middle of the arm, on its inner 
side, in front of the internal intermuscular septum, is an oval opening in the 
deep fascia, which transmits the basilic vein and some lymphatic vessels. 

The CoiaCOrbXclclualiS, the smallest of the three muscles in this region, is 
situated at the upper and inner part of the arm. It arises by fleshy fibres 
from the apex of the coracoid process, in common with the short head of the 
Biceps, and from the intermuscular septum, between the two muscles; the 
fibres pass downwards, backwards, and a little outwards, ,|9 be in§,ey.ted by 
means of a flat tendon into.an impression at the middle of tbe mnor surface 
internal border of the shaft of the humerus between the origins of the 
Triceps'and'Brachialis anticus. It is perforated by the musculo-cutaneous 
nerve. The inner border of the muscle forms a guide to the position of the 
terminal portion of the axillary and upper part of the brachial arteries. 

Relations.—The Coraco-brachialis is in relation by its anterior sur face, wtli the Pectoralis 
major above, and at its insertion with the brachial vessels and median nerve which cross it; 
by its posterior surface, with the tendons of the iSubseapularis, Latissimus dorsi, and Teres 
major, the inner head of the Triceps, the humerus, and the anterior circumflex vo-ssels ; 
by its inner border, with the third part of the axillary and the upper part of the brachial 
artery and the median and miwculo-cutaneous nerves; by its outer border, with the short 
head of the Biceps and Brachialis anticus. 

The Biceps (m. biceps brachii) is a long fusiform muscle, occupying the 
anterior surface of the arm, and divided above into tw'o portions or heads, 
from which circumstance it has received its nailie. The short head (caput 
breve) arises by a thick flattened tendon from the apex of the coracoid process, 
in common with the Coraeo-brachialis. The long head (caput longum) arises 
from the supraglenoid tubercle at the upper margin of the glenoid cavity, 
and is continuous with the glenoid ligament. This tendon arches over the 
head of the humerus, being enclosed in a special sheath of the synovial mem¬ 
brane of the shoulder-joint; it then passes through an opening in the capsular 
ligament at its attachment to the humerus, and descends in the bicipital 
groove, in which it is retained by the transverse humeral ligament and by a 
fibrous prolongation from the tendon of the Pectoralis major. Each tendon 
is succeeded by an elongated muscular belly, and the two bellies, although 
closely applied to each other, can readily be separated until within about 
tliree inches of the elbow-joint. Here they end in a flattened tendon, which 
iLiOaerted into the rough posterior portion of tlie tuberosjty 
a B 3 Tiovial bursa b^g^ iffteiTposed b^ween the fendon and uie front part of 
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the tuberosity. As the tendon of the muscle approaches the radius it is 
twisted upon itself, so that its anterior surface becomes external and is applied 
to the tuberosity of the radius at its insertion. Opposite the bend of the 
elbow the tendon gives off, from its inner side, a broad aponeurosis, tho 
bicipital fascia (semilunar fascia), which passes obliquely efownwards and 
inwards across the brachial arteiy, and is continuous with the deep fascia 
covering tho origins of tho Flexor muscles of the forearm (fig. 617). 

A third head to the Bicei)s is occnaionally found, arising at the upper and inner part 
of the Brachiolis anticus with tho fibres of which it is continuous, and inserted into the 
bicipital fascia and inner side of the tendon of the Biceps. In most cases this additional 
slip passes behind the brachial artery in its course down the arm. In some instances tho 
third head consists of two slips, which pass down, one in front of, the other behind tho 
artery, concealing the vessel in the lower half of the arm. 

Relations.—Its anterior surface is overlapped above by the Peotoralis major and 
Deltoid ; in the rest of its extent it is covered by the suporiicial and deep fasci® and the 
integument. Its 'posterior surface rests above on the shoulder-joint and upper part of the 
humerus; below, it lies on the Brachialis anticus, with tho musculo-cutaneous nerve 
intervening between the tw'o, and on the Supinator brevis. Its inner border is in relation 
with the Coraco-brachialis, and overlaps Uie brachial vessels and median nerve; its 
outer border, with tho Deltoid and Brachio-radialis. 

The Brachialis anticus (m. brachialis) is a broad muscle, which covers 
the elbow-joint and the lower half of the front of the humerus. It is some- 
w'hat compressed from before backwards, and is broader in the middle than at 
either extremity. It arises from the lower lialf of tho front of the humerus ; 
and commences above at the insertion of tho Deltoid, which it embraces by 
two angular processes. Its origin extends below to within an inch of the 
margin of the articular surface. It also arises from tlie intermuscular septa, but 
more extensively from the inner than the outer; it is separated from tlie outer 
below by the Brachio-radialis and Extensor carpi radialis longior. Its fibres con¬ 
verge to a thick tendon, whicli is inserted into the tubercle of the ulna and the 
rough depression on the anterior surface of the eoronoid process, being received 
into an interval between two fleshy slij)s of the Fhjxor profundus digitorum. 

Relations.—The Brachialis anticus is in relation hy linanterinf surface with'the'Biceps, 
the brachial vessels, musculo-cutaneous and median nerves; by its posterior surface, 
with the humerus and front of the elbow-joint; by its inner border, with tho Triceps, 
ulnar nerve, and Pronator teres, from which it is separated by the intermuscular septum; 
by its f/uter border, with the musculu-spiral nerve, radial recurrent artery, the Brachio- 
radialis. and Extensor carpi radialis longior. 

Nerves.—The muscles of this group arc supplied by the musculo-cutaneous nerve. 
The Brachialis anticus usually receives an additional filament from the musculo- 
spiial. The Coraco-brachialis receives its supply primarily from tho seventh 
cervical, the Biceps and Brachialis anticus from the fifth and sixth cervical nerves. 

Actions.—The Coraco-brachialis draws the humerus forwards and inwards, 
and at the same time assists in retaining the head of the bone in contact with the 
glenoid cavity. The Biceps is a flexor of the elbow' and, to a less extent, of the 
shoulder: it is also a poAverful supinator, and serv'cs to render tense the deep 
fascia of the forearm by means of the bicipital fascia given off from its tendon. 
The Brachialis anticus is a flexor of the forearm, and forms an important defence 
to the elbow-joint. When tluf forearm is fixed, the Biceps and Brachialis anticus 
flex the arm upon the forearm, as is seen in efforts of climbing. 

Applied Anatomy. —The long tendon of the Bicei* is sometimes dislocated from the 
bicipital groove. When this takes place, tho arm becomes lixetl in a position of abduction, 
but the head of the humerus can be felt in its projier position. It can generally bo replaced 
by flexing the forearm on the arm and rotating the limb. Rupture of the long tendon 
of the Biceps may also take place. 

7. Posterior Humeral Region 
Triceps. Subanconous. 

ThoJDicgng (m. triceps brachii) (fig. 520) is situated on the back of the 
arm, extenoi^^the entire length of the posterior surface of the humerus. It 
is of large size, and divided above into three parts, hence its name. These 
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three portions have been named (1) the middle, scapular, or long head ; (2) the 
^temal, or long humeral head ; and (3) the internal, or short humeral head. 
Ihe external and internal heads arc separated by the musculo-spiral groove 
containing the musculo-spiral nerve and superior profunda vessels. 

The middle or scapular head (caput longum) arises by a flattened tendon 
from a rough triangular depression on the scapula, immediately below the 
^ glenoid cavity, being blended at its upper part with the capsular ligament; 
the muscular fibres pass downwards tetween the two other portions of the 
muscle, and join with them in the tendon of insertion. 

The external head (caput latcrale) arises from the posterior surface of the 
shaft of the humerus, between the insertion of the Teres minor and the upper 
/ part of the musculo-spiral groove and from the external border of the humerus 
and the external intermuscular septum ; the fibres from this origin converge 
towards the tendon of insertion. 

The internal head (caput mcdialc) arises from the posterior surface of the 
shaft of the humerus, below the musculo-spiral groove : it is narrow and 
pointed above, and extends from the insertion of the Teres major to within 
^ inch of the trochlear surface : it also arises from the internal border of the 
humerus and from the back ot the whole length of the internal and lower part 
of the external intermuscular septa. Some of the fibres are directed down- 
awards to the olecranon, while others convcige to the tendon of insertion. 

TJie tendon of the Triceps commences about the middle of tlie back part 
of the muscle : it consists of two aponeurotic laminae, one of which is sub¬ 
cutaneous and covers the posterior surfatie of the muscle for the low'er half 
of its extent; the other is more deeply seated in the substance of the muscle. 
After receiving the attachment of the muscular fibres, they join together 
above the elbow, and are inserted, for the most part, into the posterior portion 
surface, oT the olecroiiofi process ; a bhnd of fibres is, however, 
continued downwards, on tlic outer side, over the Anconeus, to blend with 
the deep fascia of the forearm. 

The long head of tlic Triceps descends between the Teres minor and Teres 
major, dividing the triangular space between these two muscles and the humerus 
into two smaller spaces, one triangular, the other quadrangular (fig. 620). The 
triangular space contains the dorsalis scapulje vessels; it is bounded by the 
Teres minor above, the Teres major below, and the scapular head of the Triceps 
externally. The quadrangular space transmits the posterior circumflex vessels 
and the circumflex nerve ; it is bounded bythe Teres minor above, the Teres major 
below, the scapular head of the Triceps internally, and the humerus externally. 

The Subanconeus is the name given to a few fibres from the under surface 
of the lower part of the Triceps muscle, which are inserted into the posterior 
ligament and synoviid membrane of the elbow'-joint. By some authors it is 
regarded as the homotype of the Suberureus in the lower limb, but it is not a 
separate muscle. 

Nerves. The Triceps is supplied by the seventh and eighth cervical nerv^es 
through the musculo-spiral nerve. 

Actions. The.Triceps is the great extensor muscle of the forearm, serving, 
when the forearm is flexed, to extend the elbow-joint. It is the direct antagonist 
of the Biceps and Brachialis auticus. When the arm is extended, the long head 
of the muscle may assist the Teres major and Latissimus dorsi in drawing the 
humerus backwards and in adducting it to the thorax. The long head protects 
the under part of the shoulder-joint, and prevents displacement of the head of 
the humerus downwards and backwards. The Subanconeus draws up the synovial 
membrane of the elbow-joint during extension of the forearm. 

Applied Anatomy.— existence of the strong insertion from the Triceps into the 
fascia of the forearm is of importance in excision of the elbow; it should always bo 
preserved from injury by the operator. By means of these fibres the patient is 
enabled to extend the forearm, a movement which would otherwise mainly be accomplished 
by gravity—that is to say, by allowing the forearm to drop from its own weight. 

HI. Muscles and Eascl® of the Fobbaem 

, f of the forearm (fascia antibrachii), continuous above with 

that enclosing the arm, is a dense, highly glistening membranous investment, 
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which forms a general sheath enclosing the muscles in this region ; it is attached, 
behind, to the olecranon and posterior border of the ulna, and gives off from 
its deep surface numerous intermuscular septa, which enclose each muscle 
separately. In front it is continuous with the anterior annular ligament of 
the wrist, and forms a sheath for the tendon of the Palmaris longus muscle 
which passes over the annular ligament to Iw inserted into the palmar fascia. 
Behind, near the wrist-joint, it becomes much thickened by the addition of 
many transverse fibres, and forms the posterior annular ligament. It consists 
of circular and oblique fibres, connected together by numerous vertical fibres. 
It is much thicker on the posterior than on the anterior surface, and at the 
lower than at the uj)j)er part of the forearm, and is strengthened above by 
tendinous fibres derived from the Biceps in front, and from tlie Triceps behind. 
Its dt'cp surface gives origin to muscular fibres, especially at the uppcif part' 
of the inner aiul outer sidt's of t he f(>r<'arm, and forms tin* boundari('S of a 
seiies of con(!-shaped cavities, in which the inuscU'S are contained. Besides 
the vertical septa separating tlie individual musedes, transverse septa artf given 
oft' both on the anterior and j)osterior suT'fae(‘s of the forearm, separating the 
deej) from the superficial layers of muscles. Numerous ap<‘rtures exist in the 
fasiria for tlie jiassage of vessels and nerves ; one of these, of large size, situated 
at the front of the elbow, serves tor the passage of a communicating branch 
between the superficial arid det'p veins. Near tlie wrist, it is perforated on its 
antej'ior suifaee by the nlnar arbsy and nerve. 

The muscles of the forearm may be subdivided into groups corresponding 
to the regions they occupy. One group occupies the inner and anterior aspect 
of tlje forearm, and eoinjirisc's the Flexor and Pronator muscles. Another 
group occupies its oub'f side*; and Ji third its posterior aspect. The two 
latter groups include all tin* Extensor and Supinator museh's. 

8. Anierityr liadio-ulnar Region 

The muscles in this region are divided for convenience of description into 
two grou])H or layers, superficial and deep. 

Superficial Layer (fig. 521) 

Pronator teres. Palmaris longus. 

Flexor earjw radialis. Flexor carjji uinaris. 

Flexor sublimis digitorum. 

These muscles take origin from the internal epicondylc of tJic humerus 
by a common tendon; they receive additional fibres from the deep fascia of 
the forearm near the elbow, and from the septa which pass inwards from this 
fascia between the individual muscles. 

The Pronator teres has two }u!<ads of origin. One (caput humerale), the 
larger and more superficial, arises from the humerus, immediately above the 
internal epicondylc, and from the tendon common to the origin of the other 
muscles ; also from the fascia of the forearm, and intermuscular septuTii 
between it and the Flexor carpi radialis. The deep head (caput iilnare) is 
a thin fasciculus, which arises from the inner side of the coronoid process 
of the ulna, and joins the preceding at an acute angle. The median nerve 
enters the forearm betwec'ii the two heads of the muscle, and is separated 
from the ulnar artery by the deep head. The muscle passes obliquely across 
the forearm, and terminates in a flat tendon, which turns over the outer 
margin of the radius, and is inserted into a rough impression at the middle 
of the outer surface of the shaft of that bone. The outer border of the 
muscle forms the inner boundary of a triangular space {antecubit-al fossa) 
situated in front of the elbow-joint and containing the brachial artery, 
median nerve, and tendon of the Biceps. 

Applied Anatomy .—This muscle, when suddenly brought into veiy active use, as in 
the gome of fawn tennis, is apt to be strained, producing slight swelling, tenderness, and 
pain on putting the muscle into action. This is known as ‘ lawn-tennis arm.’ 

The Flexor carpi radialis lies on the inner side of the preceding muscle. 
It arises from the internal epicondyle by the common tendon; from the fascia 
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FlO. 521.—Front of tlie left fore¬ 
arm. Superficial muscles. 


of the forearm; and from the intermuscular septa between it and the Pronator 
teres externally, the Palmaris longus internallj', and tho Flexor sublimis 
digitorum beneath. Slender and aponeurotic in structure at its commence¬ 
ment, it increases in size, and terminates in a tendon, which forms rather 
more than the lower half of its length. This tendon passes through a canal 
in the outer part of the annular ligament, rpiis through a groove in the 
trapezium (which is converted into a canal by 
a fibrous sh(;ath, and lined by a synovial mem¬ 
brane), and is inserted into the base of the 
metacarpal bone of the index finger, and by a 
slip into tins base of the metacari)al bone of the 
middle finger. The radial artery, in the lower 
part of the forearm, li(‘s betu ceu the tendon of 
this muscle and the Bracliio-radialis, and may 
easily be. tied in this situation. 

The Palmaris longfUS is a slender, fusiform 
muscle, lying on the inner side of the preceding. 

It arises from the inner i'pieotidyle of tho 
humerus by the common tendon, from the dc<ii> 
fascia, and the intermuscular septa betwe(*n it 
and the adjacent museh's. It t<‘rmiiiat(‘s n a 
slender, flattened tendon, w hich passes over the 
upper part of the annular ligament, to end in tlus 
(icnlral part of tlie. palmar fascia and lower part 
of tht^ annular ligament, frequently sending a 
tendinous slip to the short muscles of (he thumb. 

This muscle is often absent, and is subject to 
very considerable variations : it may be ten¬ 
dinous above and muscular below ; or it may 
be muscular in the centre with a tendon above 
and below ; or it may present two muscular 
bundles with a central tendon; or finally it 
may consist solely of a tendinous band. Just 
above the wrist, the median nerve lies dost* 
to the tendon, on its outer and })Ost(*rior 
aspects. 

The Flexor carpi ulnaris lies along the 
ulnar side of the forearm. It arises by two 
heads, connected by a tendinous arch, beneath 
which pass the ulnar nerve and posterior ulnar 
riicurrent artery. Ont^ head (caput humeralo) 
arises from the inner epicondylc of the humt'rus 
i,y the common tendon : the other (ca.j)ut 
ulnare) from the imier margin of the olecranon 
and from the upper tAvo-thirds of the post(*rior 
border of the ulna by an aponeurosis, common 
to it and the Extensor carpi ulnaris and Flexor 
profundus digitorum; and from the inter¬ 
muscular septum between it and the Flexor 
sublimis digitorum. The fibres terminate in a 
tendon, which ocfcupics the anterior part of the 
lower half of the muscle, and is inserted into 
the pisiform bone, and is prolonged from this 
to the unciform and fifth metacarpal bones 
by the piso-unciform and piso-rnetacarpal liga¬ 
ments ; it is also attached by a few' fibres to 
the annular ligament. The ulnar vessels and nerve lie on the outer side of 
the tendon of this muscle, in the lower two-thirds of the forearm ; the tendon 
forming a guide in tjdn^ the artery in this situation. 

The Flexor sublimis digitorum (m. flexor digitorum sublimis) is placed 
beneath the Flexor carpi ulnaris; it is the largest of the muscles of the 
superficial layer, and arises by three heads. One head (caput humerale) 
arises from the internal epicondyle of the humerus by the common tendon. 
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Fig. 522. —^Front of the left forearm. 
Deep muBoleo. 



from the internal lateral ligament 
of the elbow-joint, and from the 
intermusoular septa between it 
and the preceding muscles. The 
second head (caput ulnarc) arises 
from the inner side of the coro- 
noid process of the ulna, above 
the ulnar origin of the Pronator 
teres (see fig. 358, page 302). 
The third head (caput radiale) 
arises from the oblique line of 
the radius, extending from the 
bicipital tuberosity to the in¬ 
sertion of the Pronator teres. The 
fibres pass v^ertically downwards, 
forming a broad and thick 
muscle, which .speedily separates 
into two planes of muscular fibres, 
superficial and deep ; the super¬ 
ficial plane divides into two parts 
which end in tendons for the 
middle and ring fingers ; the deep 
plane gives oif a muscular slip to 
join the part of the superficial 
plane which is associated with the 
tendon of the ring finger, and 
then divides into two parts, 
which end in tendons for the 
index and little fingers. As the 
four tendons thus formed pass 
beneath the annular ligament 
into the palm of the hand, they 
are arranged in pairs, the super¬ 
ficial pair corresponding to the 
middle and ring fingers, the deep 
pair to the index and little fingers. 
The tendons diverge from one 
another as they run onwards, 
and form jmsterior relations to 
the superficial palmar arch and 
digital branches of the median 
and ulnar nerves. Opposite the 
bases of the first phalanges each 
tendon divides into two slips, to 
allow ot the passage of the corre¬ 
sponding tendon of the Flexor 
profundus digitorum ; the two 
portions of the tendon then unite 
and form a grooved channel for 
the reception of the accompany¬ 
ing deep Flexor tendon. Finally 
they subdivide a second time, to 
be inserted into the sides ot the 
second phalanges about their 
middle. After leaving the palm, 
these tendons, accompanied by 
the deep Flexor tendons, lie in 
osseo-aponeurotic canals (fig. 622), 
The canals are completed by 
strong fibrous .sheaths, which 
arch across the tendons, and 
are attached on each side to 
the margins of the phalanges. 
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Opposite the middle of the proximal and second phalanges the sheaths 
very strong, and the fibres pass transversely; but opposite the joints 
they are much thinner, and the fibres are directed obliquely. Each 
sheath is lined by a synovial membrane, which is refiected on the contained 
tendons. 


Deep Layer (fig. 622) 

Flexor profundus digitorum. Flexor longus pollicis. 

Pronator quadratus. 

The Flexor profundus digitorum (m. flexor digitorum profundus) is 
situated on the ulnar side of the forearm, immediately beneath the superfieial 
Flexors. It arises from the upper three-fout ths of the anterior and inner surfaces 
of the shaft of the ulna, embracing the insertion of the Braeliialis anticus above, 
and extending belov, to within a short dist.onee of the Pronator quadratus. It 
al.so arises from a depression on the inncT side of the coronoid process ; by an 
aponeurosis from the upper three-fourths of the posterior bordiT of tlM‘ ulna, in 
common with the Flexor and Extensor carpi ulnaris; and from the ulnar half of 


Fi(.. .')23. —Vincula accessona and lendons ol foiefingcr. 



the interosseous membrane. The fibres form a fleshy belly of considerable size, 
which divides into four tendons : those run under the annular ligament beneath 
the tendons ol the Flexor sublunis digitorum. Opposite the first phalanges, 
the tendons pass through the ojieuings in the tendons of the Flexor subliniis 
digitorum. and are finally inserted into the bases of the last phalanges. The 
portion of the muscle for the index finger is usually distinct throughout, but 
the tendons for the three inner fingers arc connected together by cellular 
tissue and tendinous siips, as far as the palm of the hand. The tendons of 
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this muscle and those of the Flexor sublimis digitorum, while contained in the 
osseo-aponeurotic canals of the fingers, are invested in synovial sheaths, 
and are connected to each other, and to the phalanges, by slender, tendinous 
filaments, called vincula accessoria (fig. 623). There are two sets of these: 
(o) the Ugamenta brevia, which are two in number in each finger, and consist 
of triangular bands of fibres connecting the tendon of the Mexor sublimis 
digitorum to the front of the first interphalangeal joint and head of the first 
piiaTanxT andr^B-teudon Cif4.he Flexor profundus digitorum to the front of 
the second interphalangeal joint and head of the second phalanx; (6) the 
Ugamenta longa, which connect the under surfac'os of the tendons of the Flexor 
profundus digitorum to those of the subjacent Flexor sublimis after the tendons 
of the former have passed through the latter. The hgamenta brevia of the 
deep Flexor tendons consist largely of yellow elastie tissue, and may assist in 
drawing down the tendons after flexion of the finger. 

Four small muscles, the Lumbrieales, are connected with the tendons of 
the Flexor profundus in the palm. They will be described with the muscles 
of the hand. 

The Flexor longfus pollicis (m. flexor iwllicis longus) is situated on the 
radial side of the forearm, lying in the same plane as the preceding. It arises 
from the grooved anterior sui‘fa(!e of the shaft of the radius, extending 
from immediately below the tuberosity and oblique line, to within a short 
distance of the Pronator quadratus. It also arises from the adjacent part of 
the interosseous membrane, and generally by a fleshy slip from the inner 
border of the coronoid process, or from the internal condyle of the humerus. 
The fibres proceed downwards, and terininate in a flattened tendon, which 
passes beneath the annular ligament, is then lodged in the interspace between 
the outer head of the Flexor brevis pollicis and the Adductor obliquus pollicis, 
and, entering an osseo-aponeurotic canal similar to those for the other Flexor 
tendons, is inserted into the base of the last phalanx of the thumb. The 
anterior interosseous nerve and vessels pass downwards on the front of 
the interosseous membrane between the Flexor longus pollicis and Flexor 
profundus digitorum. 

The Pronator quadratus is a small, flat, quadrilateral muscle, extending 
transversely across the front of the radius and ulna, above their carpal 
extremities. It arises from the pronator ridge on the lower jiart of the anterior 
surface of the shaft of the ulna; from the inner part of the anterior surface 
of the lower fourth of the ulna ; and from a strong aponeurosis which covers 
the inner third of the muscle. The fibres pass outwards and slightly down¬ 
wards, to be inserted into the lower fourth of the outer border and the anterior 
surface of the shaft ot the radius. The deeper fibres ot the muscle are inserted 
into the triangular area above the sigmoid cavity of the radius—an attach¬ 
ment comparable with the origin of the Supinator brevis from the triangular 
area below' the lesser sigmoid cavity of the ulna. 

Nerves.—All the nniscles of the superficial layer are supplied by the median 
nerve, excepting the Flexor carpi ulnaris, which is supplied by the ulnar. The 
Pronator teres, the Flexor carj)i radialis, and the Palmaris longus derive their 
supply i)rimarily from the sixth cervical; the Flexor sublimis digitorum from 
the seventh and eighth cervical and first thoracic, and the Flexor carpi ulnaris 
from the eighth cervical and first thoracic nerves. Of the deep layer, the Flexor 
profundus digitorum is supplied by the eighth cervical and first thoracic through the 
nluar, and anterior interosseous branch of the median. The remaining two muscles, 
Flexor longus pollicis and Pronator quadratus, are also supplied by the eighth 
cervical and firat thoracic through the anterior interosseous branch of tho 
median. 

Actions.—These muscles act upon th(‘- forearm, the wrist, and hand. The 
Pronator teres helps to rotate the radius upon the ulna, rendering the hand 
prone ; w'hen the radius is fixed, it assists the other muscles in flexing the forearm. 
mhe Flexor carpi radialis is one of the flexors of the wrist; w’hen acting alone, it 
‘nexes the wrist, inclining it to the radial side. It can also assist in pronating the 
forearm and hand, and, by continuing its action, in bending the elbow. The 
Flexor carpi ulnaris is one of the flexors of the wrist; when acting alone, it flexes 
the wrist, mclining it to the ulnar side; and by continuing to contract, it ben(fi 
the elbow. The Palmaris longus is a tensor of the palmar fascia. It also ai^istja:. 
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in flexing the wrist and elbow. The Flexor sublimis digitorum flexes first the 
middle, and then the pro:rimal phalanges. It assists in flexing the wrist and elbow. 
The Flexor profundus digitorum is one of the flexors of the phalanges. After the 
Flexor sublimis has bent the second phalanx, the Flexor profundus flexes the 
terminal one; but it cannot do so until after the contraction of the superficial 
muscle. It also assists in flexing the wrist. The Flexor longus pollicis is a flexor 
of the phalanges of the thumb ; when the thumb is fixed, it also assists in flexing 
the wrist. The Pronator quadratus helps to rotate the radius upon the ulna, 
rendering the hand prone. 


9. Radial Region (figs. 520, 522) 

Bj’achio-radialis {Supinator longus). Extensor carpi radialis longior.- 
Extensor carpi radialis brevdor. 

The Brachio-radialis {Supinator longus) is the most superficial muscle 
on the radial side of llie forearm : it is fleshy for the upper two-thirds of its 
extent, tendinous Ixdow. It arises from the upper two-thirds of the external 
supracondylar ridgc! of the humerus, an».l from the external intermuscular 
septum, being limited above by the museiilo-spiral groove. Interposed 
between it and the Biaehialis aiitieus an* tlie museulo-spiial nei’ve and the 
anastomo.sis betueen the .anterior branch of the superior profunda artery 
and the radial rt'cm-rent. Tiie fibres termin.atc above the middle of the fore¬ 
arm in a'Hat tendon, which is inserted ijito the outer side of the base of the 
styloid process of the radius. 'Die tendon is crossed near its insertion by the 
tendons ot the Extc'iisor ossis metaearpi polJiids and Extensor brevis pollicis ; 
on its ulnar side is tin* radial artery. 

The Extensor carpi radialis longior (m. extensor carpi ivadialis longus) 
is placed partly bene.ath the preceding muscle. It arises from the lower 
third of the external supracondylar ridge of tlie humerus, from the exU*rnal 
intermuscular septum, and by a few fibres from the eommon tcnidoji of oidgin 
of the Extensor muscles of tin* forearm. I’ln*. fibres terminate at the upper 
third of the forearm in a fiat tendon, whieh runs along tin* outer border of 
the radius, beneath tJie Extensor tendons of the thumb ; it then passes heneatJi 
the posterior annular ligament of the wrist, where it lies in a groove on the 
back of the radius common to it and the Extensor carpi radialis brevior, 
immediately behind the styloid piociess. It is inserted into the posterior 
surface of the bas(i of tin*, metacarpal bone of the index finger, on its radial 
side. 

T’he Extensor carpi radialis brevior (m. extensor carpi radialis brevis) 
is shorter, as its namt^ inijfiics, and thicker than the preceding muscle, 
l)en(*ath which it is jfiaccd. It arises from tlu; external epieondyJe of the 
luimerus, by a tendon common to it and the three following muscles ; from 
the external lateral ligam<*nt of the elboAv-joint; from a strong aponeurosis 
^vJneh covers, its surface ; and from the intermuscular sept,a between it and 
the adjacent muscles. The fibres terminate about the middle of the forearm 
in a flat tendon,"whieh is closely eonneeted witli that of the preceding muselo, 
and accompanies it to the wrist; it passes beneath tlui Extensor tendons of 
the thumb, then bencatli the annular ligjiment, and, diverging somewhat 
from its fellow^ is inserted into the posterior surface of the base of the meta¬ 
carpal botie of tlie middle finger, on its radial side. Under the posterior 
annular ligament of the wrist tJie tendon lies on the back of the radius in a 
shallow groove, to the ulnar side of tlie groove which lodges the tendon of 
the Extensor carpi radialis longior, and separated from it by a faint 
ridge. 

The tendons of the two preceding muscles pass through the same com¬ 
partment of the annular ligament, and are lubricated by a single synovial 
membrane. "* 


10. Posterior Radio-Ulnar Region (fig. 624) 

The muscles in this region are divided for purposes of description into two 
groups or layers, superficial and deep. 
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Superficial Layer 

Extensor com in unis digitorum. 

Extensor minimi digiti. - 

Extensor carpi ulnaris. 

Anconeus. 

The Extensor communis 
digitorum (m. extensor digi- 
tomin communis) is situated at 
the back part of the forearm. 
It arises from the external epi- 
(iondyle of tlie humerus, by the 
common tendon ; from tlic dee]) 
fascia, and the intermuscular 
septa between it and the ad¬ 
jacent muscles. It divides below 
into four tendons, which pass, 
together with that of tlic Ex¬ 
tensor indicis, tlirougli asejiaratc 
compartment of tlu' annular liga¬ 
ment, lubricated by a 83110 vial 
membrane. The tendons then 
(lii'erge, and, after passing across 
the back of the hand, are in¬ 
serted into the second and third 
j)lmlauges of thethigers in the fol¬ 
lowing manner. Opposite the meta - 
earpo - phalangeal articulation 
<‘aoh tendon is bound by fasciculi 
to the lateral ligaments and serves 
as the posterior ligament; after 
havnig passed the joint, it spreads 
out. into a broad aponeurosis, 
which covers the dorsal surface, 
of the first phalanx and is re¬ 
inforced, in this situation, by the 
tendons of tlie Interossei and 
Lumbricales. Opposite the fii'st 
intorphalangeal joint this apo¬ 
neurosis divides into three slijis, 
a middle and tavo lateral: tin* 
former is inserted into the base 
of the second iihalanx ; and the 
two lateral, w'hich are continued 
onwards along the aides of the 
second plialanx, unite by their 
contiguous margins, and are in¬ 
serted into the dorsal surface of 
the last phalanx. As the tendons 
cross the interphalangeal joints, 
they furnish them with posterior 
ligaments. The tendon to the 
index finger is accompanied b 3 ’^ 
the Extensor indicis, w'hich lies 
on its inner side. On the back 
of the hand, the three inner 
tendons — those to the middle, 
ring, and little fingers—are con¬ 
nected by two obliquely placed 
bands, one from the third tendon 
passing downwai'ds and out¬ 
wards to the second tendon,,, 
and the other passing from the ^ 
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same tendon doMTiwards and inwards to the fourth. Occasionally the first 
tendon is connected to the second by a thin transverse band. 

The Extensor minimi digiti (m. is a slender 

muscle placed on the inner side of the Extensor communis, witli which it is 
generally connected. It arises from the common Extensor tendon by a thin 
tendinous slip; and from the inter¬ 
muscular septa between it and Fro. 626. — Supinator brevis. (From a prepara- 
the adjacent muscles. Its tendon tion in the Museum of the Royal College of 
runs through a separate com- Surgeons of England.) 
partraent in the annular liga¬ 
ment behind the inferior radio¬ 
ulnar joint, tlicn divides into two 
as it crosses the hand, and is 
finally inserted into the exiiansion /n<. 
of the Extensor tendon on the imdyle 
dorsum of the first phalanx of the 
little fingcu". 

The Extensor carpi ulnaris 
is the most superficial muscle on 
the ulnar side of the forearm. 

It arises from the external epi- 
condyle of the humerus, by the mdin« 
common tendon ; by an a])o- 
neiiro.sis from the posterior bor¬ 
der of the ulna in common with 
the Ele.xor eaiiji ulnaris and the 
Mexor pnifundus digitorum; and 
from the de(*p fascia of the fore¬ 
arm. 'riiis muscle terminates in 
a tendon, which j’uns through a 
groove behind the styloid process 
of the ulna, passing through a 
separate compartment in the an¬ 
nular ligament, and is inserted into 
the prominent tubercle on the 
ulnar side of the base' of the 
metacar|)al bone of the little 
finger. 

The Anconeus is a small tri¬ 
angular muscle, placed on the hack 
of the (*lbo\\-joint. and appears 
to be a contimiatie)n of the* ex¬ 
ternal portion of the Triceps. It 
arises by a separate tendon from 
the back part of the external epieondyle of the humerus, and is inserted into 
the side of the olecranon, and upjier fourth of tin* posterior surface of the shaft 
of the ulna ; its fibres diverge from their origin, the u])[ter ones being directed 
transversely, the lower obliquely inwai’ds. 

J)cep Layer (figs. 525. 52t)) 

Supinator brt'vis. Extensor brevis poUieis. 

Extensor ossis metaearpi pollicis. Extensor longus pollicis. 

Extensor indieis. 

The Supinator brevis (m. supinator) (fig. 525) is a broad muscle, of a 
hollow cylindi’ical form, curved round the upper third of the radius. It 
consists of two distinct plaueii of muscular fibivs, between which the posterior 
infijrosscous nerve lies. The two planes arise in common, the superficial 
one by tendinous, and the deeper by muscular fibres: from the external 
epieondyle of the humerus ; from the external lateral ligament of the elbow- 
^ joint, and the orbicular ligament; from the ridge on the ulna, which runs 
obliquely downwards from the posterior extremity of the lesser sigmoid cavity ; 

N N 2 
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from the triangular depression below that cavity ; and from a tendinous 
expansion which covers the surface of the muscle. The superficial fibres 

suiTound the upper part of the 
Fig. 626.—Posterior surface of the forearm. radius, and are inserted into 


Deep muscles. 



the outer edge of the bicipital 
tuberosity and the oblique 
line of the radius, as low down 
as thein.sert ion of the Pronator 
teres. The upper fibres of the 
deeper ])]ane form a sling-like 
fasideulus. which encircles the 
neck of the radius above the 
tubcT-osity and is attaclu'd to 
the back part of its inner sur¬ 
face' : the greater part of this 
poi’tion of the inuscsle is inscrti'd 
into the posterior and external 
sin'face of tlw* shaft, midway 
between tlic oblitiue line and 
tlie head of the bone. 

'rhe Extensor ossis meta- 
(m. abducti)!’ 
is the iiutst ex- 
largest of the 
deep Extensor muscles ; it lic-s 
iiumediately below the Snpina- 
toi’brevis, with which it issom<‘- 
times united. It arises from 
the outer part of tlie posterior 
surface of the sliaft of tlie ulna 
below the iriseition of the 
Anconeus, from the interosse¬ 
ous membrane, and from tli<‘ 
middle* third of the posterior 
surface of the shaft of tin* 
railius. Passing obliquely 
downwards and outwards, it 
terminates in a tendon, which 
runs through a groove on the 
out(*r side of the lower end of 
the radius, accompanied by the 
tendon of the Extensor brevis 
pollicis, and is inserted into 
the outer side of the base of 
the metaearpal bone of the 
thumb. It occasionally gives 
ofl' two sli))s near its insertion ; 
one to the trapezium, and the 
other to blend with the origin 
of the Abductor pollieis. 

'rhe Extensor brevis 
pollicis, the smallest muscle 
of this group, lies on tlic inner 
side of the preceding. It arises 
from the iiosterior surface of 
the shaft of the radius below 
the Extensor ossis metacarpi 
pollicis, and from the inter¬ 
osseous mcrubrane. Its direc- 


carpi pollicis 

no llicis loiinusl 
irrnal and i lie 


lion is similar to that of the 


Extensor ossis metacar|3i pollicis, its tendon passing through the same 
groove on the outer side of the lower end of the radius, to be inserted 
into the base of the first phalanx of the thumb. It is closely connected 
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with the Extensor ossis metacarpi poUicis, of which it is usually i-cgarded as 
a segment. 

The Extensor long'US pollicis is much larger tlian tlie preceding muscle, 
the origin of which it partly covers. It arises from the outer part of the 
middle third of the posterior surfac(' of the shaft of the ulna below the origin 
of the Extensor ossis metacarpi pollicis, and from the interosseous membrane. 
It terminates in a tendon, which passes tlu’ough a sejiarate compartment 
in the annular ligament, lying in a narrow', oblique groove at the back part 
of the lower end of the radius. It then crosses obliquely the tendons of the 
Extensor carpi radialis longior and brevior, being separated from the other 
Extensor tendons of the thumb by a triangular interval, in which the radial 
artery is found ; and is finally inserted into the base of the last phalanx of 
the thumb. The radial artery is crossed by the tendons of all three Extensors 
of the thumb as they pass from the radius to the digit. 

The Extensor indicis (m. extensor indicis proprius) is a narrow, 
elongated muscli*, placed on the inner side of, and parallel with, the pniceding. 
It arises from the posterior surface of the shaft of the ulna below the origin 
of tlie Extensor longus pollicis, and from the interosseous membrane. Its 
tendon passes under tlie annular ligament in the same compartment as that 
which transmits the Extensor communis digitorum, and opposite the lower 
end of the corresponding metacarpal bone, joins the ulnar side of tlie tendon 
of the Extensor communis which belongs to the index finger. 

Nerves. —The Brachio-iadiahs is siqiiilied by the fifth and sixth, the Exteiisores 
carpi radialis longior et bri'vior by the sixth and seventh, and the 'Anconeus by 
the seventh and eighth ciuvical nerves, all through the musculo-spiral nerve ; th<^ 
remaining muscles are innervated through the posterior interosseous nerve, the 
Supinator brevis being supjilied by flu* sixth cervical, and all the other muschis 
by the seventh cervical. 

Actions. —The muscles of the radial and posterior aspects of the lorearm, 
which comprise all the Extensor and Supinator muscles, act upon the forearm, 
wrist, and hand ; they are the direct antagonists of the Pronator and Flexor 
muscles. The Anconeus assists the Tricejis in extending the forearm. The 
Brachio-radialis is a flexor of the elbow'-joiiit, l)Ul. only acts as such ivlien the 
movement of flexion has been initiated by the Biceps and Brachialis antieus. 
The Su])iiiator brevis is a supinator : that is to say. when the radius lias been 
carried across the ulna in pronation, and the baek of the hand is directed 
forwards, this inusele carries tin radius hack again to the outer .side of tin* 
ulna, and the palm of the hand is again directed forwards. The Extensor carpi 
radialis longior extends the w'list and abducts the hand. It may also assist in 
bending the clbow-joiiif ; at all ev'cnts it serves to fix or steady this articulation. 
The Extensor car]u radialis brevior assists the Extensor caipi radialis longior in 
'‘xtending the wrist, and may aisc) act shghtly as an abductor <if the hand. The 
Extensor carjn ulnaris helps to extend the hand, but when acting alone inclines 
it towards the ulnar side : by its continued action it extends the elbow-joint. 
The Ext(insor communis digitorum extends the phalanges, then the wrist, and 
finally the elhowk It acts principally on the proximal phalanges, the middle and 
terminal phalanges bemg acted \ipon mainly by the Interossei and Lumbricales. 
It has also a tendency to separate the fingers as it extends them. The Extensor 
minimi digit! extends the little finger, and by its continued action assists in ex¬ 
tending the W'list. It is owing to this muscle that the little finger can be extended 
or pointed while the others are tl(*xed. The -chief action of the .pMts 

metacaepi polUcis is to carry the thumb outwards and ba^wands fybw the p^ni 
oldhfe^hw.aj ajad hence it has been called the Ahductor longus. Rv its con¬ 

tinued action it helps to extend and abduct the wrist. The Extensor brevis pollicis 
extends the proximal phalanx of the thunibi By its continued action it helps to 
extend and abduct the wrist. The Extensor longus pollicis extends the terminal 
phalanx of the thumb. By its continued action it helps to extend and abduct 
the wrist. The Extensor indicis extends the index finger, and by its continued 
action assists in extending the w'rist. 

Applied Anatomy .—The tendons of the Extensor muscles of the thumb are liable to 
become strained, and their sheaths inflamed, after excessive exorcise, producing a sausage- 
shaped swelling along the course of the tendons and giving a peculiar grating sensation 
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to the finger when the muscles aot. The condition is known as tenosynovitis, and the 
coarse grating is quite distinctive. 

Paraljrsis of the Extensor muscles of the wrists and fingers is common in acute or chronic 
lead-poisoning, and is known as ‘ wrist-drop.’ The Brachio-radialis usually escapes in 
these cases, unless the muscles of the upper arm are paralysed also. Usually the 
^li^^ensor muscles are affected to different extents; thus the thumb, or index, 
or littl^ngeiTmayoHstit f4ight!y implicated, and may recover rapidly while the Extensors 
of the other fingers or the wrist remain i)owerlc8s. Some paresis is often showi by the 
Flexors of the fingers also, these muscles being thrown into a state of tremor whenever 
extension of the fingers is attempted. Atrophy often follows paralysis in lead jioisoning. 


1 \\ Muscles ani> Fasci.e of the 

The muscles of the hand are subdivided into three groups : ], Those of 
tlie thumb, wliich oecupy tlie radial side and produce the thenar eminence ; 

Fio. 527.— Transverse section through the wri.st, 
showing the annular ligaments and the canals for the pa.s.sage of the tendons. 
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2 , those of tlie little finger, which occupy tlie ulnar side and give rise to the 
hypolhrnar eminence ; 3, tliose in the middle of tlie palm and witliin the 
interosscou.s spaces. 

Fto. 528.—Trunsver.se section through the carpus, 
showing the relative jiositions of the tendons, vessels, and nerve.s. (Henle.) 
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The anterior annular ligament (lig. carpi volare) (figs. 527, 528) is a 
strong, fibrous band, which arches over the carpus, converting the deep groove 
on the front of the carpal bones into a tunnel, through w hich the Flexor 
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tendons, ot the digits pass. It is attached, internally, to the pisiform and the 
hook of the unciform, externally, to the tuberosity of the scaphoid, and to 
the imier part of the anterior surface and the ridge of the trapezium. It is 
continuous, above, with the deep fascia of the forearm, and may be regarded as 
a thickened portion of this ; and below, with the palmar fascia. • It is crossed 
by the ulnar vessels and nerve, and the cutaneous branches of the median and 
ulnai’ nerves. At its outer extremity is the tendon of the Flexor carpi radialis, 
which lies in the groove on the trapezium between the attachments of the 
annular ligament to th »5 bone. It has inserted into its anterior surface a part 
of the tendon of the Palmaris longus and part of the tendon of the Flexor 
carpi ulnaris, and has arising from it, below, the small muscles of the thumb 
and little finger. Beneath it pass the tendons of the Flexores sublimis et pro¬ 
fundus digitorum, the tendon of the Flexor longus jmllicis, and the median ip-ve. 

The synovial membranes of the flexor tendons at the wrist.— 
'I’liere are two synovial membranes which enclose all the tendons as they pass 
beneath this ligament, one for the 
Flexores sublimis et profundus 
digitorum, the other for tluj 
I’lcxoi longus jjpllicis (fig. 529). 

They extend up into the forearm 
for about an inch above the 
a nnularl igament, and occasionally 
eominimicate with each other 
under the lig.n inent. The sheath 
w hitih surrouTuIs the Flexor ten¬ 
dons of the fingers extends down¬ 
wards about halfway along Ihe 
metacarpal bones, w’here it ter¬ 
minates in blind diverticula 
around the tendons to the index, 
middle, and ring fingers. In the 
case of the little fingi'r, it is pro¬ 
longed on its tendons, and usually 
communicates with the synovial 
sheath of that digit. The sheath 
which envelops the tendon of th(' 

Flexor loJigus pollicis is continued 
along the thumb as far as the 
insertion of the tendon. 

The posterior annular liga¬ 
ment (lig. carpi dorsalo) (figs. 

527. 528’/ is a strong, fibrous 
band, extending obliquely down¬ 
wards and inwards across the 
back of the mist, and consisting 
of ]jart of the deep fascia of the bai-k of the forearm, strengthened by the 
addition of some transverae fibres. It binds down the Extensor tendons in their 
passage to the fingers, being attaelu'd, internally, to the styloid process of the ulna 
and to the cuneiform andinsiform; externally, to the outer margin of the radius; 
and, in its passage across the wrist, to the elevated ridges on the posterior surface 
of the radius. Between it and the bones are formed six compartments for the 
j)assage of tendons, each of which is lined by a separate synovial membrane. 
One is found in «iach of the following positions: 1, on the outer side 
of the styloid process, for the tendons of the Extensor ossis metacarpi and 
Extensor brevis pollicis ; 2, behind the styloid process, for the tendons of 
the Extensores carpi radialis longior et brevior; 3, about the middle of the 
posterior surface of the radius, for the tendon of the Extensor longus pollicis; 
4, to the inner side of the latter, for the tendons of the Extensor communis 
digitorum and Extensor indicia ; 5, opposite the interval between the radius 
and ulna, for the Extensor minimi digiti; 6, grooving the back of the ulna, for 
the tendon of the Extensor carpi ulnaris. The synovial membranes hnmg these 
sheaths are usually very extensive, reaching from above the annular Igament, 
dowTi upon the tendons for a variable distance on the back of the hand. 


Fill. .529.—Diagram showing the arrangement 
of (he synovial shcatlis of the jiuhn and 
lingers. 
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The deep palmar fascia (aponeurosis palniaris) (%. 530) forms a common 
sheatli vN-hich invests the muscles of the hand. It consists of a central and 
two lateral portions. 

The CRtUral portion occupies the middle of the palm, is triangular in shape, 
of great strength and thickness, and binds down the tendons and protects the 
vessels and nerves in this situation. It is narrow above, wliere it is attached 
to the lower margin ot the annular ligament, and receives the expanded 
tendon of the Palmaris longus muscle. Below, it is broad and expanded, and 
divides into four 8lij).s, one for each finger. Each slip gives off superficial 
fibres, which are inserted into the skin of the palm and finger, those to the 

Fici. 530.—^Talinar fascia. 

(From a preparation in the Museum of the Royal College of Surgeons of England.) 



palm jetining the skin at the furrow corresponding to the metacarpo-phalangeal 
articulation, and those to the fingers passing into the skin at the transverse 
fold at the base of the fingers. The cfeeper part of each slip subdivides into 
two processes, which are inserted into the fibrous sheaths which confine the 
Flexor tendons. I'l-oni tlie sides of these processes offsets are sent backwards, 
to be attached to the transverse metacarpal ligament. By this arrangement 
short channels are formed on the front of the lower ends of the metacarpal 
bones, though which the Flexor tendons pass. Between the two processes 
into which each slip divides is attached the digital sheath. The intervals 
left between the four fibrous slips transmit the digital vessels and nerves, 
and the tendons of the Lumbncales. At the points of division of the 
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palmar fascia into the slips above mentioned, numerous strong, transverse 
hbres (fasciculi transversi) bind tlm separate processes together. The palmar 
fascia is intimately adherent to the integument by dense fibro-areolar tissue 
forming the supei-ficial palmar fascia, and gives origin by its inner margin 
to the Palniaris brevis. It covers the superficial palmar arch, the tendons of 
the Flexor muscles, and the branches of the median and ulnar nerves ; and 
on each side it gives off a vertical septum, Avliieh is continuous with the inter¬ 
osseous aponeurosis, and sejiarates the lateral from the middle palmar group 
of muscles. 

Tlie lateral portions of the ]}almar fascia are thin, fibrous layers, u'hich 
cover, on the radial side, the muscles of the ball of the thumb, and, on tlu! 
ulnar side, the muscles of the little finger; they are continuous with the 
central portion of the palmar fascia and with the fascia on the dorsum of the 
hand. 

The superficial transverse ligament of the fingers is a thin band of 
transver.se fibres (fasciculi transvci-si) ; it stretches across the roots of the 
four fingers, and is closely attached to tlie skin of the clefts, and internally 
to the fifth metacarpal bone, forming a sort of rudimentary web. Beneath it 
the digital V(‘ssels and nerves pass onwards to their destination. 


Applied Amitonn/. —The palmar fascia is liable to undergo contruetion, producing a 
very inconvenient deformity, known as ‘ Dupuytren’s contraction.’ The ring and little 
fingers arc most frequently implicated, but the other's may also be mvolvcd. The 
proximal phalanx i.s drawn down and caimot be straightened, and the two distal 
X>halangeH become similarly flexed as the disease advances. 

Owing to their constant exposiii'c to injury and septic influences, the fingers are very 
liable to become the scat of serious inllammatory mischief. To this inflammation the 
term pnrunyehia ov vdiiflow is given, and this afl'ection maj' assume- various degrees of 
severity. In the mildest r‘a.«es the rlisease is confined to the superficial layer of the akin, 
and suppuration takes irlacc beneath it. This is known as suhrvticvlar paronychia, and is 
a comparatively simjile condition, for an incision through the ejridcrmis Avill at once 
relieve it. The only complication is that the pus may burrow under the nail, causing 
increased paui. A more severe condition is the qyironychin crllulosa, in which the pulp of 
the end of the finger is involved. This Is attended with intense throbbing pain, owing to 
the fact that the inflamed area is covered by thick and often horny «*pithelium, VA'hcn the 
disease occurs in the laboui’ing classes, as it so frequently does. In these cases, ugless a 
timely incision is made, the inflammation is liable to involve the periosteum covering 
the phalanx, as there is least resistance in this direction, imd subperiosteal paronychia 
is set up, which is followed by necrosis of a part or the whole of the ungual phalanx. In 
other ca.ses, the inflammation may involve the theca of the Flexor tendons, and a thecal 
paronychia mav bo set up. The inflammation then rapidly spreads up the sheath ; but 
the extent wilf depend upon the particular digit involved. From the description of the 
Flexor sheaths givcm above, it will bo evident that inflammation of the sheath of the 
tlii'mb and little linger may 2 >rove a far more formicLable affection than that of the other 
three digits, because the sheaths of these two digits communicate with the large synovial 
sheaths which surround the Flexor tendons (page 5511, and the inflammation may 
extend into the palm <)f the liand and beneath the annular ligament into the forearm. 

In order to relieve these conditions, free and early incisions are necessary, and must 
be made with discrhnuiation, in oi-der to avoid wounding important strucitures. In the 
pulp of the finger—i.c. over the distal phalanx—the incision should be mode in the middle 
line and down to the bone. In the rest of the finger, the incision should be made in the 
middle line over the jhalangca, and not over the interphalangeal joints. In the palm of 
the hand, incisions may bo made either on the distal or proximal side of the superficial 
palmar arch. On the tfistal sides the incisions should be made over the metacarpal bones, 
preferably those of the index and middle finger. On the 2 >roximal side, the safest line of 
incision is along the radial side of the hypothenar eminence, between the ulnar arterj' 
and nervo internally, and the median nerve externally. When suppuration has extended 
under the annular ligament, and incisions are required in the forearm, the positions in 
which they should be made are over the tendons of the Flexor sublimis digitorum, between 
the median nerve and the ulnar artery, and over the tendon of the Flexor longus pollicis, 
between the radial artery and the tendon of the Flexor carpi radialis. 

Chronic inflammation of the common flexor sheath is occasionally met with, consti¬ 
tuting a disease known as ‘ compound (ialmar ganglion ’; it presents an hourglass outline, 
with a swelling in front of the wTist and in the palm of the hand, and a constriction, 
corresponding to the annular ligament, between the two. The fluid can be forced from 
the one swelling to the other under the ligament, and when this is done, a creaking 
sensation is sometimes perceived, from the 2 >resenco of ‘ melon-seed ’ bodies in the 
interior of the ganglion. 
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11. Radial Region (figs. 531, 532) 

Abductor pollicis. Flexor brevis pollicis. 

Opponens pollicis. Adductor obliquus pollicis. 

Adductor transversus pollicis. 

The Abductor pollicis (m. abductor pollicis brevis) is a thin, flat tnuscle, 
placed immediately beneath Ihc integument. It arises from the annular 
ligament, the tuberosity of the scaphoid, and the ridge of the trapezium, 
frequently by two distinct slips. Running outwards and downwards, it 
is inserted by a thin, flat tendon into the radial side of the base of the 
first phalanx of the thumb and the capsule of the metacarpo-phalangeal 
articulation. 

The Opponens pollicis is a small, triangular muscle, placed beneath the 
preceding. It arises from the pahnar surface of the ridge on flic trapezium 
and from the annular ligament, passes dowuAvards and outwards, and is inserted 
into the whole length of the metacarj)al bone of the thumb on its radial side. 

Fjii. .'■>31.—Muscles of the thumb. 

(hrom a ])rcparation in the Museum of the Royal College of Surgeons of Fnglaiul.) 



The Flexor brevis pollicis consists of two portions, outer and inner. 
The outer and more mperjicial portion arises from the outer two-thirds of the 
low Cl- border of the annular ligament and the lower part of the ridge on the 
trapezium : it passes along the outer side of the tendon of the Flexor longus 
pollicis, and, becoining tendinous, has a sesamoid bone developed in its tendon, 
and is inserted into the ouler side of the base of the first phalanx of the thumb. 
The inner and deeper portion of the muscle is very small, and arises from the 
ulnar side of the first metacarpal bone between the Adductor obliquus pollicis 
and the outer head of tlie First dorsal interosseous, and is inserted into 
the inner side of the base of the first phalanx with the Adductor obliquus 
pollicis. 

The Adductor obliquus pollicis arises by several slips from the os 
magnum, the bases of the second and third metacarpal bones, the anterior 
carpal ligaments, and the sheath of the tendon of the Flexor carpi radiahs. 
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From tliis origin the greater number of fibres pass obliquely downwards and 
converge to a tendon, which, uniting with the tendons of the deeper portion 
of the Flexor brevis pollicis and the Adductor transversus, is inserted into the 
inner side of the base of the first phalanx of the thumb, a sesamoid bone being 
develop('d in the tendon of insertion. A considerable fasciculus, however, 


Fig. 332.—Muscles of the left hand. Palmar suiface. 



passes more obliijuoly outwaids beneath the tendon of the long Flexor to join 
the superficial portion of the short Flexor and the Abductor pollicis. 

The Adductor transversus pollicis (fig. 531) is the mo, 9 t deeply seated 
of this group of muscles. It is of a triangular form, arising by its broad base 
from the lower two-thirds of the metacarpal bone of the middle finger on 
its palmar surface ; the fibres, proceeding outwarfs, converge, to be inserted. 
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witli the inner part of the Flexor brevis polUcis, and the Adductor obliquus 
pollicis, into the ulnar side of tlie base of the first phalanx of the thumb. 

Nerves. —The Abductor, Oppoiieus, and outer head of the Flexor brevis pollicis 
are supplied by the sixth cervical nerve throu{»h the median nerve; the inner 
head of the Flexor brevis, and the Adductons. by the eighth cervical through the 
ulnar nerve. 

Actions. —Tlic Abductor pollicis draws the thumb forwards in a plane at 
right angles to that of the palm of the hand. The Adductores polUcis are the 
opponents of this muscle, and approximate the thumb to the palm. The Opponens 
pollicLs flexes the 7netacaq)al bone : that is, draws it inwards over the palm and 
the Flexor brevis ppllicis flex('s and adducts the pro.vimal phalanx. 

12. Ulnar Hajitn (fig. 532) 

Palmaris brevis. Flexor brevis minimi digiti. 

Abductor minimi digiti. Opponens minimi digiti. 

The Palmaris brevis is a thin, quadrilateral muscle, placed beneath the 
integument of the ulnar side of the hand. It arises by tendinous fasciculi 
from the annular ligament and palmar fascia ; the fleshy fibres pass inwards, 
to be inserted into the skin on tlie inner border of the palm of the Inind. 

Tlu! Abductor minimi digfiti (m. abduedor digiti quinti) is situated on 
the ulnar border of the palm of the band. It arises from the pisiform bone 
and from the tendon of the Flexor carpi ulnaris. and terminates in a fiat 
tendon, which divides into two slips ; one is inserted into the ulnar side of 
the base of the first phalanx of the little finger; the other into the ulnar 
border of the aponeuiosis of the Extensor minimi digiti. 

The Flexor brevis minimi digfiti (ni. flexor digiti quinti brevis) lies on 
the same plane as the preceding rmisele, on its radial sid('. It arises from the 
convex surface of the hook of the unciform bone, and the ant(>ri(jr surface of 
the annular ligament, and is inserted into the inner side of the base of tlu' first 
phalanx of the little finger. It is separated from the Abdmdoi’ at its origin, 
by the deeiJ branches of the ulnar artery and nerve. This muscle is sometimes 
wanting ; the Abductor is then, usually, of large size. 

The Opponens minimi digiti (m. opjionens digiti quinti) (fig. 622) is of 
a triangular form, and j»lae<‘d immediately beneath the preiaHling muscles. 
It arises from the convexity of the hook of the unciform bone, and contiguous 
portion of the annular ligament.; its fibres pass dow'nn ards and inwards, to 
be inserted into the whole length of the metacarpal bone of the little fingei', 
along its ulnar margin. 

Nerves.—All the; muscles of this group arc supplied by the eighth cervical 
nerve through the ulnar ueiwc. 

Actions. —The Abductor and Flexor brevis minimi digiti abduct the little 
finger from the ring finger and assist in flexing the proximal phalanx. The 
Oirponens minimi digiti draws forwards the fifth metacarpal bone, so as to 
deepen the hollow of the palm. The Palmaris brevis corrugates the skin on the 
inner side of the palm of the hand. 

13. Middle Palmar Region 

Lumbricales. Interossei. 

The Lumbricales (fig. 532) are four small fleshy fasciculi, accessories 
to the Flexor profundus digitorum. They arise from the tendons of this 
muscle : the first and second, from the radial side and palmar surface 
of the tendons of the index and middle fingers respectively; the third, from 
the contiguous sides of the tendons of the middle and ring fingers ; and the 
fourth, from the (contiguous sides of the tendons of the ring and little fingers. 
Each passes to the radial side of the corre.sponding finger, and opposite the 
metacarpo-phalangeal articulation is inserted into the tendinous expansion 
of the Extensor communis digitorum covering the dorsal asjreet of the finger. 

The Interossei (figs. 533, 534) are so named from occupying the intervals 
between the metacarpal bones, and are divided into two sets, a dorsal and 
a palmar. 
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The Dorsal interossei (interossei dorsales) are four in number, larger than 
the Palmar, and occupy the intervals between the metacarpal bones. They 
are bipenniform muscles, each arising by two heads from the-adjac^ent sides 
of the metacarpal bones, but more extensively from the metacarpal bone of 
the finger into wliich the muscle is inserted. They are inserted into the bases 
of the first phalanges and into the aponeuroses of the common Extensor 
tendons. Between the double origin of each of these muscles is a narrow 
triangular interval, through the first of which the radial artery passes ; throug:h 
each of the other three a perforating branch from the deep palmar arch is 
transmitted. 

The Fiffit dorsal interosseous muscle, or Abductor indicis, is larger than the 
others. It is flat, triangular in form, and arises by two hctiijis, separated by a 
fibrous arch, for the passage of the radial artery from the dorsum to the palm 
of the hand. The outer head arises from the upper half of the ulnar border 
of the first metacarpal bone ; tla^ inner head, from almost- the entire length of 
the radial border of the second metacarpal bone ; the tendon is inserted into 
the radial side of tlie index linger. The Second and Third dorsal interossei «ire 


Fjo. .533. -The Dorsal interossei 
of left hand. 


Fio. 534.—The Palmar interossei 
of loft hand. 



inserte.d into the middh' fing(ir, the former into its radial, the latter into its 
ulnar side. The Fourth is inserted into the ulnar side of the ring finger. 

The Palmar interossei (interossei volares), l,hree in number, are smaller 
than the Dorsal, and placed upon the palmar sui’faces of the metaearpal bones, 
rather than between them. Each arises from the entire length of the meta¬ 
earpal bone of one finger, and is inserted into the side of the base of the lirst- 
plialanx and aponeurotie expansion of the common Extensor tendon of the 
same finger. 

The First arises from the ulnar side of tlie second metaearpal bone, and is 
inserted into the same side of the first phalanx of the index finger. The 
Second arises from the radial side of the fourth metaearpal bone, and is inserted 
into the same side of the ring finger. The Third arises from the radial side of 
the fifth metacarpal bone, and is inserted into the same side of the little finger. 
From this account it may be seen that each finger is provided with two Inter¬ 
ossei, with the exception of the little finger, in which the Abductor muscle 
takes the place of one of the pair. 

Nerves.— The two outer Lumbricales are supplied by the sixth cervical nerve, 
through the third and fourth digital branches of the median nerve : the two inner 



658 ’ JIYOLOGY 

Lumbricales and all the Interossei are supplied by the eighth cersdcal nerve, through 
the deep palmar branch of the ulnar nerve. The third Lumbrical frequently receives 
a twig from the median. 

Actions. —The Palmar interosseous muscles adduct the fingers to an imaginary 
line drawn longitudinally through the centre of the middle finger ; and the Dorsal 
interossei abduct the fingers from that line. In addition to this the Interossei, 
in conjunction with the Lumbricales, flex the first phalanges at the metacarpo¬ 
phalangeal joints, and extend the second and third phalanges in consequence of 
their insertions into the expansions of the Extensor tendons. The Extensor 
communis digitorora is believed to act almost entirely on the first phalanges. 

Surface Form. Pecloralis major largely influences surface form and conceals 

a considerable part of the thoracic wall in front. Its sternal origin presents a border, 
which bounds and determines the width of the sternal furrow. Its clavicular origin 
is somewhat depressed and flattened, and between the two portions of the muscle there 
is often an oblique depression. 'J'he outer margui of the muscle is generally well marked 
above, and foims the inner boundary of a triangular depression, the infrnclavicular fossa, 
which separates the Pectoralis major from the Deltoid. It gradually liecomes less marked 
as it ai)proaehes the tendon of ins«>i tion, and is more closely blended with the Deltoid muscle. 
The lower border of the Pectoralis major forms tlie rounded anterior axillary fold, and 
corresponds with the direction of the fifth rib. When the arm is raised, tlie lowest slip 
of origin of the Pectoralis minor produces a local fulness just below the border of the anterior 
fold of the axilla, and serves to break the sbar]> outline of the lower border of the Pecloralis 
major muscle. The origin of the Serratvs magniis causes a very characteristic surhwe 
marking. When the arm is raised from the side, the lower five or six serrations arc 
plainly discernible, forming a zigzag line, caused by the digitations, whicli diminish in 
size from above downwards, and have their apices arranged on a curve. When the arm is 
lying by the side, the first serration to appear at the lower margin of the Pectoralis major 
is the one attached to the fifth rib. 

The Deltoid, with the jnorainence of the ujqaT extremity of the humerus, producch 
the rounded contour of the shoulder. It is romidcr and fuller in front than behind, whore 
it jnesents a somewhat flattened form. Above, its anterior border presents a rounded, 
shghtly curved omiiiencc, which forms the outer boundary of the infraclavicular fossa ; 
below, it is closely united with the Pectoralis major. Its posterior border is thin, tlattened, 
and scarcely marked above ; below, it is thicker and more prominent. 'I’hi* insertion 
of the Deltoid is marked by a dp]<re.ssiou on the outer side of the middle of the arm. Of 
the scapular muscles, the only one which materially influences surface form is the Teres 
major ; it assists the Latissimus dorsi in forming the thick, rounded, posterior fold of the 
axilla. When the ivrm is raised, the Coraco-Itrachialis reveals itself as a long, narrow- 
elevation, which emerges from under cover of the anterior fold of the axilla and runs 
internal to the shaft of the humerus. The front and innc>r part of the arm ])rescnt8 
the prominence of the Biceps, bounded on either side by an intermuscular depression. 
This muscle determines tlu' contour of the front of the arm, and extends from the 
anterior margin of the axilla to the bend of the elbow. Its ujipcr tondoiis are concealed 
by the Pectoralis major and the Deltoid, and its lower tendon sinks into the sjiace 
at the bend of the elbow. When the muscle is in a state of comjilete contraction—that 
is to say, when the forearm has been flexed and supinated—^it presents a roimded coin ex 
form. On either side of the Biceps, at the lower part of the arm, the Brachialis anticus 
is discernible. On the outer side it forms a narrow' eminence, which extends some distance 
up the arm ; on the imicr side it shows itself only as a little fulness just above the elbow. 
On the back of the arm the long head of the Triceps may be seen as a longitudinal eminence 
emerging from under corcr of the Deltoid, and gradually merging into the longitudinal 
flattened plane of the tendon of the muscle on the lower part of the back of the arm. The 
tendon of insertion of the mu.scle extends about halfway up Ihi; back of the arm, and 
forms an elongated flattened plane w'hen the muscle is in action. Under similar 
conditions the surface forms produced by the inner and outer heads of the muscle arc 
well seen. 

On the anterior aspect of the elbow are tw o muscular elevations, one on either side, 
separated above, and converging below so as to form the ixmer and outer boundaries 
of a triangular space, the anticubital fossa. Of these, the inner elevation, consisting of 
the Pronator teres and the Flexors, forms the prominence along the inner side and front 
of the forearm. 11 is a fii.siform mass, jiointed above at the internal condyle, and gradually 
tapering off below The Pronat<-r teres, the outermost muscle of the group, forms the 
inner boundary of the anticubital fossa. It is shorter, less prominent, and more oblique 
than the outer boundary. The most prominent part of the eminence is produced by the 
Flexor carpi radialis, the muscle next in order on the inner side of the preceding one. 
It forms a rounded prominence above, and may be traced downwards to its tendon, which 
can be felt lying on the front of the wrist, nearer its radial than its ulnar border, and to 
the inner side of the radial artery. The Palmaria longua presents no surface marking 
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above, but below, its tendon is tlie most prominent of the tendons on the front of the 
wrist, standing out, when the muscle is in action, as a sharp tense cord beneath the skin. 
The Flexor sublimis digtiorum does not directly influence surface form. The position 
df its four tendons on the front of the lower part of the forearm is indicated by an elongated 
depression between the tendons of the Palmaris longus and the Plexor carpi ulnaris. 
The Flexor mrjn ulnaris occupies a small part of the posterior surface of the forearm, 
and is separated from the Extensor and Supinator group, which occupies the greater part 
of this surface, by the ulnar furrow, produced by the subcutaneous posterior border of 
the ulna. Its tendon cim be perceived along the ulnar border of the front of the forearm, 
and is most marked when the hand is flexed and adducted. The external group of muscles, 
consisting of the Brachio-radialis, the Extensors and Supinator brevis, occupies the outer, 
and a considerable portion of the posterior, surface of this region. It forms a fusiform 
mass, which is altogether on a higher level than that produced by the Pronator teres 
and Flexors. Its ajHiX is between the Triceps and Brachialis amticus muscles some 
distance above the elbow-joint j it acquires its greatest breadth oi>positc the external 
condyle, below which it shades off into a flattened surface. About the middle of the 
forearm it divides into two longitudinal eminences which diverge from each other, leaving 
a triangular interval between them. 'J’he outer of these eminences consists of the Brachio- 
radialis and the Extensoros carpi radialis longior et brovior, and descends from the external 
I'ondjdar ridge in the direction of tho styloid process of the radius. The inner consists 
of theExtonsor communis digitorum, the Extensor mmimi digiti, and the Extensor carpi 
ulnaris ; it commences above as a tapering mass at the external condyle of the humerus ; 
above it is separated from the Anconeus by a well-marked furrow, and below, from the 
I'ronator teres and Flexor mass by the ulnar funovs. The only two muscles of this region 
which require special mention, as independently influencing surface form, are tho Brachio- 
rtulialis and tho Amioneus. 'Flie inner border of tho Brachio-radialis forms tho outer 
boundary of Ihe antieubital fossa. It commences as a rounded border above tho condyle, 
and is longer, loss oblique, and more prominent than the inner boundary. Lower down 
the muscle forms a full fleshy mass tsi the outer side of the upper part of tho forearm, 
and below tapers into a tendon, which may be traced to the styloid ynoecisr. of the radius. 
The .-Irtcow ("«.■( presents a distimd and characteristic surface form in'the shay>c of a tri¬ 
angular, slightly elevated area, immediately exteimal to the subcutaneous posterior surface 
of the olecranon, and differentiated from t he common Extensor group by an oblique depres¬ 
sion. The upper angle of tho triangle corresj)onds to the external condyle, and is marked 
by a depression or dimple in this situation. In the interval, caused by the divergence 
from each other of the two masses into which the Extensor and Su])inator group is divided 
at the lower part of the forearm, an oblique elongated eminence is seen, caused by the 
emei'gencc of two of the Extensors of the thumb from their deep origin at the back of the 
forearm. This eminence', full above, flatteneed and partially subdivided below, runs 
doM’uwai’ds and outwards over the bac-k and outer surface of the radius to the outer side 
of the wrist-joint, where it terms a ridge, especially marked when the thumb is extended, 
and passing onwards to tho posterior aspect of the thumb. The tendons of most of the 
Extensor miisides arc to lie seen and felt at the level of the wrist-joint. Most externally 
are those of the Extensor ossis melacarpi pollicis and the Extensor brevis pollieis, forming 
a vertical ridge over the outer sidi' of the joint, from tho styloid process of the radius to the 
thumb. Internal to this is the oblique ridge yiroduced by the tendon of tho Extensor 
longus yKilJieis, very noticeable uhen the muscle is in action. The Extensor carpi radialis 
longior is scarcely to be telt, but the Extensor carpi radialis hrevior can be perceived 
as a vertical ridge emerging from under the ulnar Ixirdcr of the tendon of the Extensor 
longns pollu'is, when the hand is forcibly extended at the wrist. Internal to this the 
tendons of the Extensor indicis, Extensor communis digitorum, and Extensor minimi 
digiti can be felt ; tho last being sojtaraled from those of the Extensor communis by a 
slight furrow. . 

The muscles of the hand are principally concerned, as far as regards surface form, 
in producing the thenar and hypotlienar eminences, and cannot be individually distin- 
guislied on the surface. The theniu- eminence is larger and rounder than the hypothenar, 
which presents a long, narrow omiiiencc along the ulnar side of the hand. tlie 

Palmaris brevis is in action it produces a wrinkling of tho akin over the hyjmthenar eminence, 
and a dimple on the ulnar border of the hand. On the hack of the hand the Dorsal inter- 
oasei produce elongated swellings between tlie inc1;acarpal bones. When tho thumb is 
closely adducted to tho hand, the First dorsal interosseous (Abductor indicis) forms a 
prominent fusiform bulging ; the other Iiiterossci are not so marked. 

The skin over the inner side and front of tho forearm is thin, smooth, and sensitive ; 
it contains few hairs and many sweat-glands. Over the outer side and back of the arm 
and forearm it is thicker, denser, and less sensitive ; it contains more haii-s and fewer 
sweat-glands. Over tho olecranon the cuticle is thick and rough ; tho skin is loosely 
connected to the underlying tissues, and transversely WTinkled when the foroarm'is extended. 
At the front of the- wrist, the skin presents three transverse furrows, which correspond 
from above downwards to the position of the styloid process of the ulna, the wiist- 
joint. and the mid-carpal joint respectively. The skin of the palm of the hand differs 
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ponsiderably from that of the forearm. At the wrist it suddenly becomes hard and dense 
and covered with a thick layer of cuticle. The skin in the thenar region presents these 
riiaracteristicB less than elsewhere. In spite of this hetrdness and density, the skin of the 
palm is exceedingly sensitive and very vascular. It is destitute of hair, and contains no 
sebaceous follicles. It is tied down by fibrous bands along the lines of flexion of the 
digits, iiroducing certain furrows of a permanent character. One of these starting from 

about the tubercle of the scaphoid, curves round 

Fwj. 535.—Fracture of the middle the thenar eminence, and ends on the radial 
of the clavicle. border of the hand, a little above the met^icarpo- 

plialangenl joint of the index finger. *It corre¬ 
sponds to the outer boi'der of the central portion 
of the fialniar fascia, and is produced by the 
movement of the thumb at the. (larpo-metacarpal 
joint. A second line begins at the end of the 
first, and extends obliquely across the palm, 
upw'ards and inwards, to the ubiar margin about 
the middle of the fiftii metacarpal bone. .A third 
commences at the ulnar border of the hand, about 
an inch below the termination of the second, and 
extends outwards acjoss the yialm over the beads 
of the third, fourth, and fifth motacari>n1 I tones. 
1’ho last two lines are caused by llc.xion of tin; 
fingers at the metacarpo-phalangeal joints. Over 
tile fingers the skin again Iteeomes thinner, 
especially at tin* flexures of I lie. joints ; and over 
tlie tei-minal plialangcs it is thrown into numerous 
ridges, in eoiisequenee of the arrangement of the 
papilbe in it. 'fhese ridges form, in different 
individuals, distinctive and jterraaiient patterns, 
which may be used for purposes of identification. 
'Pile su()erlieial fascia m fhe jialm is made up of 
dens<‘ tifii'o-fatly tissue. Tliis tissue binds <lown 
the skin so ffrmly to the deoj) palmar fascia that 
very little movement is jiermit led between tlie two. 

Applied Anatom -;/.—In considering tin* actions 
of the various muscles upon fractures of the 
upper extremity, the most eomiiioii forms of injury have been seleeti'd bofli for illus¬ 
tration and description. 

Fracture of the middle of the riavich (fig. 535) is usually attended with considerable 
displacement of the oiiter fragment, which is drawn downwards and inwards, and at the 
same time rotated, so that its outer end is <'arried forwards and its inner end liaekwards. 

Tlie displacement is jmidueed as follows: the 
outer fragment is drawn downmird.'i by the weight lo. 53(i.—Fraelurc of the .siuixieal 
of the arm, the Trapezius not being able to support neck oJ the humerus, 

the weight of the limit. It is di'awu inwardts by 
the Subelavius and Feetoralis minor, jiossibly assisted 
by the Pectoralis major and l..atissimiis dor.si ; and 
is rotated on an axis drawn throiigb its own eeiiln' 
by the Serratus magnus, wbieli causes the sea{)ula 
to rotate on the wall of tlie chest, and carries the 
acromion and outer end of the outt-r fragment of 
the clavicle forwards, and so carries the inni'i- end 
of the outer jiortion backwards. The depression of 
the w’liole outer fragment is jiroduced by the weight 
of the arm and by the eontraetion of the Di.'ltoid. 

The causes of di.splaeement having boon ascertained, 
it is easy to ajiply the, appropriate treatment. The 
outer fragment is to be drawn outwards, and, 
together w itli the scapula, raised upwards to a level 
with the inner fragment, and retained in that 
position. 

In fracture of the acromial end of the clavicle, 
betw'een the conoid and trapezoid ligaments, only 
slight displacement occurs, as tliese ligaments, from 
their oblique insertion, serve to hold both portions 
of five bone in apposition. Fracture, also, of the utemaJ. end, internal to the costo¬ 
clavicular ligament, is attended with only slight displacement, this ligament serving to 
retain the fragments in close apiiosition. 

Frocturo of the acromion proees/i outside the ligaments usually arises from violence 
applied to the upper and outer part of the shoulder. There is great displacement; the 
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outer fragment being; drawn downwards by the weiglit of the arm, and rotated forwards 
and inwards, so that it forms a right angle with the rest of the bone. 

R'acture of the surgical neck of the humerus (fig. 6JiG) is very common, is attended with 
considerable displacement, and its appearances correspond somewhat with those of 
dislocntion of the head of the humerus into the axilla. The ii[)pcr fragment remains in its 
place under the «-oraoo-acromial ligament; the lower fragment is drawn inwards by the 
Pootoralis major, Lalissimus dorsi, and Toros major ; and the humerus is thrown obliquely 
outwards from the side by the Deltoid, and occa¬ 
sionally elevated so as to cause the upper end of g37,_Fracture of the humerus 

the lower fragment lo project beneath and in front 
of the coracoid process. The deformity is reduced 
by fixing the shoulder, and drawing the arm out¬ 
wards and downwards. To counhinwt the op])osing 
muscles, and to keep the fragments in po,sit ion, a 
conc-shar»cd pswl should Iw placed in the axilla, 
and the arm bandaged to the side by a broad roller 
pahse<l round tin* chest in such a manner that the 
elbow is carried slightly forwards, so as to throw 
th(‘ upper end of the lower fragm<‘Ut backw'ards 
and outwards tow'ards the head of the boue. The 
whole is then cov<‘red with a carefully moulded 
gutta]>crcha i>r ])oroplastic shoulder-cap. 

In Iractiire of the shatt of the hiinnni/< below 
the insertum of the Pcctoralis major, J..i<.liKsimus 
dorsi, and 'IVrc s major, and above the insertion of 
the Deltoid, there is also consideiable tleloiinity, 
the upper fiMgment being drawn inw.irds bv the 
first-mi'iitioned muscles, and the lower ti.iginent 
upwards and outwards by the Deltoid. (Shortening 
of the limb lesults, with a consider.ible prominenee 
at the seat of fracture, from the tr<ietur<-d ends oi 
the bone riding ovei one another, espeeinlly it the 
frai'ture take phur in an obliipie direi-tion. Thi' 
fragments may be brought into apjiosition liy 
extension from the ellaiw, and it‘laiued in that jiosilion by adopting the s.ime means as 
in the firei-cding injury. 

Ill Iracturo of the s/in/t oi the hiimeni'< immediately below the insertion ol the Deltoid, 
the amount of delorniity depends greatly njion the ilireetion oi the fracture. It it oecur 
in a transverse direetioii, only slight dis|)laeenii*nl takes place, the upper fragment In'ing 
drawn a little forwaids ; but in oblniue fr.xeture, tin- combined actions of the Hiceps and 
llrachialis anticus muscles in front and the 'Irieeps behind draw upw'ards the lower 
fragment, causing it to glide over the ujqiei Iragment. eithei backwards or forward'-. 

according to the ilireetion oi the frae- 
Pjo. ,538.—Practuiv ol the olecranon. ture Simple extension reduces the 

ili'torraity. and the application of a 
shoiilder-eai) and splints to the arm 
will retain the fragments in ai>])osition. 
Care should be taken not to raise the 
elbow'; but the forearm and hand may 
Ik? siipiKirted in a sling. 

Praetiire of the hiimtrus (fig. 537) 
immediately above the condyles de¬ 
serves very attentive consideration, as 
the general appearances correspond 
somewhat with those produced by 
separation of the epiphysis of tho 
humerus, and with those of disloca¬ 
tion of the radius and ulna backwards. 
If tho direction of the fracture is 
oblique, from above, downwards and 
forw’ards, the lower fragment is drawn 
upwards by tho Braehialis unticiis 
and Biceps in front, and the Triceps 
behind ; and at tho same time is drawn backwards behind the upper fragment by 
the Triceps. This injury may be diagnosed from dislocation by the' increased 
mobility in fracture, the existence of crepitus, and the fact that the deformity is 
remedi^ by extension, but is reproduced on the discontinuance of it. llio ago of 
the patient is of importance in distinguishing this form of injury from separation of 
tho epiphysis. In some cases whore tlie injury has boon produced by falls on tho 
elbow, the lower fragment is drawn upwards and forwards, causing a considerable 

O O 



above the condyles. 
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Fig. 539.—Fracturc of the shaft of the radius. 


prominence in front; and the upjier fragment projects backwards beneath the tendon of 

the Triceps. , , , , f . j 

In fracture of the olecrarum process (fig. 538) the detached fragment is displaced 
upwards, by the action of the Tricejw raiisclo, from half an inch to two inches ; the promi¬ 
nence of the elbow is consequently lost, and a deep hollow is felt at the back part of the 
joint, which is much imifeased on flexing the limb. The patient at the same time loses, 
more or less, the power of extending the forearm. The treatment consists in wiring the 
fragments together ; but if for some reason this operation is not desirable, the fragments 
should be ajiproximated by strapping or a tiguTO-of-S bandage, and the arm put up in an 
extended position in order to relax the Tricej)a. Massage and passive movements must 
be employed early, for fear of ankylosis. Union, when wiring is not resorted to, is usually 
fibrous. 

In fractui-e of the radius below the insertion of the jjiceps, but above the insertion 
of the Pronator teres, the upper fragment is strongly supinated by the Biceps and 

Supinator brevis, and at the same time 
drawn forwards and flexed by the Biceps ; 
the lower fragment is pronated and drawn 
inwards towards the ulna by the Pro¬ 
nators. Thus there is extreme displace, 
ment with very little deformity. In 
treating such a fracture the arm must be 
put up in a position of supination, other¬ 
wise union will take place with great 
impairment of the movements of the 
hand, in fratdures of the radius below 
the insertion of the I’ronator teres 
(fig. .>30). file upper fragment is drawn 
ujnvards by the Bicciis, and inwards by 
the Pronator teres, into a position midway between pronation and supination, and a 
degree of fulness in the upper lialf of (be iorcarm is tlius ])rodueetl. Tlie lower fragment 
Ls draivn downwards and inwai'ds towards tlie ulna by llie Pronator (piadratus, and 
thrown into a state; of pronation by the same muscie ; at the same time, the Braebio- 
riidialis, by elevating the styloid pro<-ess. into which it is insert(;d. will serve to dc]iress 
the upper end of the l.nver fragment still more towards the ulna. In order to relax the 
opposing muscles the, forearm should be bent, and the limb placed in a position midway 
between pronation and supination ; the fracture is then easily reduoed by extension 
from the wTist and elbow. Wc;ll-paddeil splints should be applied on both sides of the 
forearm from the (dbow to th<- wrist ; the hand being allowed to fall will, by its own 
weight, eimnterai-t the action of Uie Pronator (juadratus and Brachio-radialis, and elevate 
the lower fragment to tin; level of the ujiper one. 

In fracture of the sfritt of the ulna the upper fragment retains its usual position, but 
the lower fragment is drawm outwards towards the radius by the Pronator quadratus. 



Fig. 540.—Fracture of the lower end of the radius. 



producing a well-marked depression at the Ht:at of fracture, and some fulness on the dorsal 
and palmar surfaces of the forearm. The fracture is easily reduced by extension from the 
wrist and forearm. The forearm should be flexed, and placed in a position midway 
between juonation and supination, and well-padded splints applied from the elbow to 
the ends of the lingers. 

In fracture of the shafts of the. radios and ulna together, the lower fragments are drawn 
upwards, somctimis torwards, .sometimes backwards, according to the direction of the 
fraoture, by the eomtiined actions of the Flexor and Extensor muscles, producing a degree 
of fulness on the dorsal or palmar surface of the forearm. At the same time the lower 
fragments are drawn into contact by the Pronator quadratus, the radius being in a state 
of donation. The upfaw fragment of the radius is drawn upwards and inwards by the 
Biceps and Pronator teres to a higher level than the ulna; the upper portion of the 
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ulna is slightly elevated by the Brachialis anticus. The fracture may be reduced by 
extension from the wi'ist and elbow, and the forearm should be placed in the same position 
as in fracture of the ulna. 

In fracture of the hmer end of the radius (fig. 640) the displacement produced is 
very considerable, and boars some resemblance to dislocation of the carpus backwards, 
from which it should bo carefully distinguished. The lower fragment is displaced back¬ 
wards and upwards, but this displacement is due to the force of the blow driving the 
portion of the bone into this position, and not to any muscular influence. The upper frag¬ 
ment projects forwards, often lacerating the substance of the Pronator, quadratus, and 
is drawn by this muscle into close contact with the lower end of the* ulna, causing a 
])roiection on the anterior surface of the forearm, immediately above the carpus, from the 
Flexor tendons being thrust forwards. This fracture may be distinguished from disloca¬ 
tion by the relative [lositions of the styloid processes of the radius and ulna, the former 
of which is displaced upwards in fracture, and by the deformity being removed on making 
sufficient extension, when crepitus may be ocicasionally detoefod. The age of the patient 
will assist in determining whether the injury is fracture or separation of the epiphysis. 
The treatment consists in flexing the forearm, and making powerful extension from the 
wrist and elbow, depressing at the same time the radial side of the hand, and retaining 
the i)arls in that position by well-padded pistol-shaped splints. 


MUSOLES ANII FASCI.d^ OF TJIE LOWER EXTREMITY 


The inascles of the low er extreiiiily an subdivided into {groups, oorrespond- 
iii" with tlie. different regions of the limb. 


1. Reoion 

J’,soas uiagnus. 
l’.soas parvus. 

TIi!ieu.s. 

II. TlIRill 

1. Ajitfrior Femoral Fry ion. 
'I’lUisor faseiie bunoris. 
iSartorius. 
j Reel us femoris. 
(juadi'ieeps Vastus exfiuiius. 
extensor .Vbtstus inleriuis. 
'('rureiis. 

Suberui-eus. 


ITT. Lec. 

5. Anterior Tibio-fih.tlar 
Region. 

Tibialis antieus. 

Extensor proprius liallueis. 
Extensor loiigus digitorum. 
IVroiK'US tertius. 

0. Rodvrior Tihio-jihular Reyion 
Siiperjirial Layer. 

Oastroeiiemins. 

Soleu.s. 

Plantari.s. 


;2. Intermtl Femoral Reyion. 

(Iraeilis. 

IVetiiK'Us. 

Addiietor longus. 
Adductor brevis. 
Adductoi- magnus. 


3. Ohiical Reyion. 
Gluteus maxiinus. 
Gluteus inedius. 
Gluteus minimus. 
Pyriformis. 
Obturator internus. 
Gemellus superior. 
Gemellus inferior. 
Quadratus femoris. 
.Obturator exteriius 


4. Posterior Femoral Region. 


Hamstring 

muscles 


Biceps. 

Semitendinosus. 

Semimembranosus, 


Deep Layer. 
Popliteus. 

Flexor longus halluois. 
Flexor longus digitorum. 
Tibialis postieus. 

7. Fibvlar Region. 

Peroneuslongus. 

Peroncus brevis. 

IV. Foot 

8, Dorsal Region, 
Extensor brevis digitorum. 

9. Plantar Region. 

First Layer. 

Abduetbr hallucis. 

Flexor brevis digitorum. 
Abductor minimi digiti. 

o o 2 
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Second Layer. 

Flexor accessorius. 
Lumbricales. 


Adductor obliquus hallucis. 
Adductor transversus hallucis. 
Flexor brevis minimi digiti. 


Third Layer. 
Flexor brevis hallucis. 


Fourth Layer. 
Interossei. 


I. MtJSor.ES ANU Fascije ov the Iliac Regiox (fig. 542) 

I’soos magnus. Psoas parvus. Iliacus. 

TJie fascia covering the Psoas and Iliacus is the layer which lines the 
back part of the abdominal cavity. It is thin above, and becomes gradually 
thicker below as it approaches Poupai't’s ligament. 

The portion, covering the Psoas is thickciuid above to form the ligamcutum 
arouatum internum, whicli stretches from the transverse process of the first 
lumbar vertebra to the body of the second ; internally, it is attatrhod by a 
series of arched proces.ses to the intervertebral discs, and prominent margins 
of the bodies of the vcilebrae, and to the upper part of tlu; sacrum ; the 
intervals left, opposite the constricted jjortions of the bodies, transmit 
the lumbar arteries and veins and filaments of the sympathetic cord. 
Externally, above the crest of the ilium, this portion of the fascia is con¬ 
tinuous with the anterior lamella of the lumbar fascia covering the front of 
the“*Quadratus lumborum (see page 493), but below Ihc crest of the ilium it is 
continuous with tlu^ fascia covering the Iliacus. 

The portion investing the Iliacus (fascia iliatia) is connected, (‘xternally, to 
the whole lengtli of the inner border of the crest ofdhe ilium ; and internally, 
to the brim of the true iulvis, ^Nhere it is continuous ^^'ith the periosteum. 
At the ilio-pectineal eminence it rc(K‘ives tJic tendon of insertion of the 
Psoas parvus, when that muscle exists. External to the femoral vessels, this 
fascia is intimately connected to the ])osterior margin of Poupart’s ligament, 
and is (iontiiiuous v'ith the fascia transversalis. Ittnnediately to the outer 
side of the femoral vessels the fascia iliacia is prolonged backwards and inwards 
from Poupart’s ligament as a band, the ilio-jHctineal ligament, which is attached 
to the ilio-i)ectincal eminence. This ligament divides the space between 
Poupart’s ligament and the innominate bone into two parts, the inner of 
wliich transmits the femoral vessels, the outer the llio-psoas aiid the anterior 
crural nerve (fig. 444). Internal to the vessels the iliac fascia is attached to 
the ilio-pectineal line behind the conjoined tendon, where it is again continuous 
with the fascia transversalis ; where the external iliac vessels pass into the 
thigh, the fascia descends behind them forming the posterior wall of the 
femoral sheath. The jjortion of the iliac fascia which passes behind the 
femoral vessels is also attached to the illo-pcctineal line beyond the limits of 
the attachment of the conjoined tendon ; at this part it is continuous with 
the pubic portion of the fascia lata of the thigh. The external iliac vessels 
lie in front of the iliac fascia, but all the branches of the lumbar plexus are 
behind it; it is separated from the peritoneum by a quantity of loose 
areolar tissue. 

The Psoas magnus (m. psoas major) (fig. 642) is a long fusiform muscle 
jdaeed on the side of the lumbar region of the vertebral column and brim of the 
pelvis. It arises ^1) from the anterior surfaces of the bases and lower borders 
of the transverse processes of all the lumbar vertebrse; (2) from the sides of the 
bfKlies and the corresponding intervertebral discs of the last thoracic and all the 
lumbar vertebras by five slips, each of which is attached to the adjacent upper 
and lower njargins of two vertebras, and to the intervertebral disc ; (3) from 
a series of tendinous arches which extend across the constricted parts of the 
bodies of all th(- lumbar vertebras between the previous slips ; the lumbar 
arteries and veins and filaments of the sympathetits cord psiss beneath these 
tendinous arches. The muscle proceeds downwards, across the brim of the 
pelvis, and, diminishing gradually in size, passes beneath Poupart’s ligament, 
and terminates in a tendon, which, after receiving nearly the whole of tho 
fibres of the Iliacus, is inserted into the lesser trochanter of the femur. 
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Relations. —In the abdomen the Psoas magnus is in relation by its anierior surface 
with the ligamontum arcuatum internum, the fascia covering the muscle, ,the extra- 
peritoneal fat and peritoneum, the kidney. Psoas parvus, renal vessels. Ureter, spermatic 
vessels, and genito-crural nerve. In front of the right Psoas is the inferior vena cava and 
the terminal portion of the ileum, and in front of the loft the ilio-polvio colon. By its 
'posterior surface it is in relation with the transverse processes of the lumbar vortebrie, 
and the Quai^atus lumborum from which it is sopara.ted by the anterior lamella of the 
lumbar fascia. 'Phe lumbar plexus is situated in the posterior part of the substance 
of the muscle. By its inner side, the muscle is in relation with the-bodies of the 
lumbar vortebne, the lumbar arteries, the gangliatod cord of the sympathetic, and the 
lumbar glands ; with the vena cava inferior on the right, and the aorta on the loft side, 
and along the brim of the pelvis with the external iliac artery. 

In the tbigb it is in relation, in front, with the fascia lata ; Ixshind, with the capsular 
ligament of the hip, from which it is separated by a synovial bursa which frequently 
communicates with the cavity of the joint through an opening of variable size ; by its 
inner border, with the Poctuuius and internal circumflex artery, and also with the 
femoral artery, which slightly overlaps it; by its outer border, with the anterior crural 
nerve and Iliacus. 

Tlie Psoas parvus (m. ijsoas minor) is a long slender muscle, placed in 
front of the Psoas magnus. It arises from the sides of the bodies of the 
last thoracic and first lumbar vertf^br* and from the intervertebral disc 
between them. It forms a small muscular bundle, which ends in a long flat 
tendon, inserted into the ilio-pectincal line and eminence, and, by its outer 
border, into the faseda iliaca. This muscle is often absent, and sometimes 
double. 

The Iliacps i s a flat, triangular muscle, whieh fills up the whole of the 
iliac fossa. It arises from the upper two-thirds of this fossa, and from the 
inner margin of the crest of the ilium ; behind, from the anterior sacro-Diac 
and the ilio-lumbar ligaments, and base of the sacrum ; in front, it reaches as 
far as the anterior superior and anterior inferior spinous processes of the 
ilium, and the notch between them. The fibres converge to be inserted into 
the outer side of the tendon of the Psoas, some of them being prolonged on to 
i.hc shaft of the femur for about an inch below and in front of the lesser 
trochanter.* 

Relations.—Within the abdomen the Iliacus is in relation by its anierior surface with 
the iliac fascia, whicdi separates the muscle from the oxtra-peritoneal fat and peritoneum, 
and witli the external cutaneous nerve ; on the right side, with tlie cojcum ; on the left 
side, with the iliat; colon; by its 'posterior surface, with the iliac fot«sa; by its inner border, 
with the Psoas magnus, and anterior crural nerve 

In the thigh, it is in relation, by its anterior surface, with the fascia lata. Rectus, 
Sartorius, and jirofunda femoris artery ; behind, with the capsule of the hip-joint, a 
synovial bursa common to it and tlie Psoas magnus lieing interposed. 

Nerves.—The Psoas magnus is supplied by branches of the second and third 
lumbar nerves ; the Psoas parvus by a branch of the first lumbar nerve; and the’ 
Iliacus by branches of the second and third hmibar nerves through the anterior 
crural. 

Actions.—The*r.soa8, acting from above, flexes the tliigh upon the,pelvis, 
being assisted by the Iliacus ; acting from below, with the femur fixed, the Psoas 
bends the lumbar portion of the vertebral column forw’^ards and to its own side, 
and then, in conjunction wdth the Iliacus, tilts the pelvis forwards. When the 
muscles of both sides are acting from below', they serve to maintain the erect 
posture, by supporting the vertebral column and pelvis upon the femora, or in 
continued action bend the trunk and pelvis forwards, as in raising the trunk from 
the recumbent posture. 

The Psoas parvus is a tensor of the iliac fascia. 

Applied Anatomy. —'Phere is no definite septum between the portions of fasoia 
covering the Psoas and Iliacus respectively, and the fascia is only connected to the 
subjacent muscles by a quantity of loose connective tissue. When an abscess forms 
beneath this fascia, as it is very apt to do, the matter is contained in an osHoo-fibrous 
cavity which is closed on all sides within the abdomen, and is open only at its lower part, 
where the fascia is prolonged over the muscle into the thigh. 

* The Psoas and lliacns are sometimes regarded as a single muscle, the Ilio-p»oa», having 
two heads of origin and a single insertion. 
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Abscess within the sheath of the Psoas muscle {psoas abscess) is generally due to 
tuberculous caries of the bodies of the lower thoracic or the lumbar vertebra;. When the 
disease is in the thoraeio region, the matter tracks down the posterior mediastinum, in front 
of the bodies of the vertebrje, and, passing beneath the ligamentum arcuatum internum, 
enters the sheath of the Psoas muscle, down which it travels as far as the pelvic brim; 
it then gets beneath the iliac ^lortion of the fascia, and fills up the iliac fossa. In con¬ 
sequence of the attachment of the fascia to the pelvic brim, it rarely finds its way into the 
pelvis, but passes by a narrow opening under Poupart's ligament into the thigh, to the 
outer side of the femoral vessels. It thus folloAvs that a psoas abscess may bo descrilaxi 
as consisting of four parts: (1) a somewhat narrow channel at its upper part, in the psoas 
sheath ; (2) a dilated sac in the iliac fossa; (3) a constricted neck under Poujtart’s 
ligament; and (4) a dilated sac in the upper part of the thigh. Wlien the lumbar 
vertebrae are the seat of the disease, the matter finds its way directly into the substance 
of tlie Psoas. The muscular fibres are destroyed, and the noiwcs contained in the 
abscess are isolated and exposed in its interior; the iliac vessels which lie in front of 
the fascia remain intact, and the jieritoneum seldom becomes implicated. All psoas 
abscesses do not, however, pursue this course: the matter may leave the sheath of the 
muscle above the crest of the ilium, and tracking backwards may jjoiiit in the loin 
{lumbar abscess); or it may point above Poupart’s ligament in the inguinal region ; or it 
may follow the course of the iliac vessels inio the pelvis, an<l, passing through the great 
sucro-sciatic notch, discharge itself on the back of the thigh. 

II. Muscles and Fasciac ok the Thigh 
1. Jti/crior Femoral Region (figs. 541, 542) 

(Rectus femoris. 

Tensor fasciae femoris. Quadriceps Vastus externus. 

SartoriuB. extensor j Vastus internus. 

ICrureus. 

Suberurous. 

. The superficial fascia forms a continuous layer over tlie Avhole of tJic 
thigh ; it consists of areolar ti.s.siu>, containiog in its meshes much fat, and 
is capable of being separated into tAvo or more layers, between Avhieli are 
found the superficial vessels and nerves. It A’arics in thickness in different 
jiarts of the limb ; in the groin it is tliiek, and the two layers arc separati'd 
from one another by the superficial inguinal lymphatic glands, the internal 
saphenous A’ein, and soA'cral smaller vessels. Om; of lhes<( two layers, the 
siipcrfieifil, is continuous abov'e AAutli the superficial fascia of the abdomen. 
I’he deep layer of the superfi(;ial ffiscia js a very thin, fibrous layer, best marked 
on the inner side of the long saphenous vc'in and beloA\' Poupart’s ligament. 
It is j)laeed beneath th<; subcutaneous vessels and nerves and u|)on the surfatiO 
of the fascia lata. It is intimately adlierent to the fascia lata a little beloAv 
Poupart’s ligament. It covers tlie saphenous opening in the fascia lata, 
being closely united to its circumference, and is connected to tlie sheath of 
the femoral vessels. The portion of fas( ia ciovering this ajierture is perforated 
by the internal saphenous vein and by numerous blood and lymphatic vessels, 
hence it has been termed the cribriform fascia, the openings.for these vessels 
having been likened to the holes in a sieve. A large subcutaneous bursa is 
found in the superficial fascia over the patella. 

The deep fascia of the thigh is named, from its great extent, the fascia 
Inia ; it constitutes a uniform investment for the whole of this region of the 
limb, but varies in thickness in different parts. Thus, it is thicker in the uppew 
iuid outer part of the thigh, where it receives a fibrous expansion from the 
Gluteus maximus muscle, and where the Tensor fasciae femoris is inserted 
between its layers : it is very thin behind and at the. upper and inner part, 
when; it {*ovcr.s the Adductor muscles, and again becomes stronger around 
the knee, rt;c.eiving fibrous exiiansions from the tendon of the Biceps externally, 
from the Salt on us internally, and from the Quadriceps extensor cruris in front. 
The fascia lata is attac.hcd, above and behind, to the back of the sacrum 
and coccyx; externally, to the crest of the ilium ; in front, to Poupart’s 
ligament, and to the body of the pubi.s; and internally, to the descending 
ramus of the pubis, to tlu; ramus and tuberosity of the ischium, and to 
the lower border ot the great saero-seiatie ligament. From its attachment 
to the crest of the ihum it passes down over the Gluteus medius to the 
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upper border of tlie Gluteus maximus, where it splits into two layers, one 
passing superficial to and tins other beneath this muscle ; at the lower border 
of the muscle the two layers reunite. Extenrally, the fascia lata receives the 
greater part of Ihc tendon of insertion of the Gluteus maximus, and becomes 
proportionately thickened. The portion of the fasem lata attached to the 
front part of the crest of the ilium, and corresponding to the origin of the 
Tensor fasciae femoris, jiasses down the outer side of the thigh as two layers, 
one superficial to and the other beneath this muscle; these at the lower end 
of the muscle become blended together into a thick and strong band, having 
first-received the insertion of the muscle. This band is continued downwards, 
under the name of the ilio-iihial hund, to be inserted into the ext(*rnal tuberosity 
of the tibia. The part of the ilio-iibial baud uhich lies beneath the Tensor 
fascia* femoris is prolonged u])wards to the capsule* of the hip, with the outer 


Fia. 541.—The saphenous opening. 



part of which it becomes continuous. Below, the fascia lata is attached to 
all the prominent points around the knee-joint, viz. the condyles of the femur, 
tuberosities of the tibia, and lu^ad of the fibula. On either side of the patella 
it is strengthened by tran8vei*se fibres given off from the lower part of the 
Vastus muscles, which are attached to and support this bone. Of these the 
outer are the stronger, and are continuous with the ilio-tibial band. From the 
inner surface of the fascia lata are given off two strong intermuscular septa, 
which arc attached to the whole length of the linea aspera and its prolonga¬ 
tions above and below: the external and stronger one, which extends from the 
insertion of the Gluteus maximus to the outer condyle, separates the Vastus 
extornus in front from the short head of the Biceps behind, and gives partial 
origin to these muscles ; the inner one, the thinner of the two, separates the 
Vastus intemus from the Adductor and Pectineus muscles. Besides these 
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there are nujiierous amaller septa, separating the individual muscles, and 
enclosing eaoli in a distinct slicath. 

The saphenous opening (fig. 541).—At the upper and inner part of the 
thigh, a little below the inner end of Poupart’s ligament, is a large oval-shaped 
aperture in the fascia lata; it transmits the internal saphenous vein, and other 
smaller vessels, and is termed the saphenotis opening. The cribriform fascia, 
which is pierced by the structures passing through the opening, closes the 
a^rtm-e and must be removed to expose it. The fascia lata in this part of 
the thigh is described as consistijig of an iliac and a pubic portion. 

The iliac portimi of the fascia lata is the part on the ^uter side of the 
saphenous opening. It is attached, externally, to the crest and anterior 
superior spine of the ilium and to the whole length of Poupart’s ligament, and 
to the pectineal lino in conjunction witli (*imi)ei7iat’s ligament. From the 
8})ine of t he pubis it is n^fleeted down\vard.s and outwards, forming an arched 
margin, Wiq jalciform process, or boundary of the saphenous opening; this 
margin overlies and is adherent to the fuiterior layer of the sheath of the 
femoral vessels : to its edge is attached the cribriform fascia. The upward and 
inward prolongation of the fjilciform process is named the svperityr cornu : 
its downward and inward prolongation, tJie inferior cornu. Tlie lattej’ is well 
defined, and is continuous behind the sa])h('nous vein w'ith the pubic portion 
of the fascia lata. 

The pubic jiortion is situated on the inner side of the saphenous o})ening ; 
at the lower margin of this a])erlur<; it is continuous with the iliac j)ortion; 
traced upwards, it covers the 1‘eetineus. Adduetor longus, and Gracilis 
muscles, and, })assing behind the sheath of the femoral vessels, to which it 
is closely united, is continuous with the fascia iliaca, and is attaehfid to the 
ilio-pectincal line. From this deseri])tion it may be observed that the iliac 
portion of the fascia lata lies in front of the femoral vessels, and the pubie 
portion behind them, so that an a])j)ar(mt aperture exists bc^tween the two, 
through which the internal saphenous ])asses to join the femoral vein. 

The Tensor fasciae femoris (m. tensor fasciae latae) aiises from the anterior 
part of the outer lijj of the crest of tlie ilium; from the outer surface of the 
ant(‘rior supfirior spine, and ])art of the outer bonier of the notch b<>low 
it. betw'c*cn the Gluteus medius and Sartt)rius; and fro»n the inner surface 
of tiu' fascia lata. It is inserted between the two layers of t!ie ilio-tibial band 
of the fascia lata about the junction of the middle and ufit)er tliirds of the 
thigh. 

The Sartorius, the longc.st muscle in the body, is flat, narrow', and ribbon¬ 
like ; it arises by tendinous fibres from the anterior suj>e.rior spine of the 
ilium and the upper half of the notch bclow' it. It ])asscs obliquely across 
the upper and anterior j>art of the tliigh, from the outer to tin* inner sidc 
of the limb, then descends verticadly, .as far as the inner side of the knee, 
passing behind the inner condyle of the fcinur to end in a tendon. This 
curves obliquely forwards .and expands into a broad aponeurosis, which is 
inserted, in front of tJie Gracilis and Stmiitendinosus, into the upper part of 
the inner surface of the shaft of tiu* tibia, nearly as far forwards as the crest. 
Th(^ upper part of the aponeurosis is curved backwards over the iqiper edge 
of the tendon of the Grixcilis so as to la* inserted behind it. An offset, derived 
from its upjMjr margin, blends with the capsule of the knee-joint, and another, 
gi\ ('n off from its lower border, blends with tlm fascia on the inner side of 
the leg. 

The of this muscle to the femoral artery should be carefully examined, as it 

constitutes the chief guide in tying the vfisseJ. In th<! upper third of the thigh it forms 
the outer side of a triangular space, Scarj)ii\s triangle, the inner side of which is formed 
by the inner border of the Adductor longus, and the base, turned iqmards, by Poupart’s 
ligament; the lemtiral artery passes perpendicularly through the middle of this space 
from its })ase tf) it.- ajs-x. In the middle third of the thigh, the femoral artery is contained 
in Hunter’s canal, on flu* roof of which lies the Sartorius. 

The Quadriceps extensor (m. quadriceps femoris) includes the four 
remaining muscles on the front of the thigh. It is the groat exttmsor 
muscle of the leg, forming a large fleshy mass, which covers the front and 
sides of the femur, being united below into a tendon, attached to the patella, 
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and above, subdivided into separate portions, which have Wicoived distinct 
names. Of these, one occupying the mitldle of the thigh, and connected above 
witli the ilium, is called the Bectus fcmoris, from its straight course. The 
other divisions lie in immediate connection with the shaft of the femur, which 
they cover from the trochanters to the condyles. "I’he portion on the outer 
side of the femur is termed the Vastus exlarnus that coyermg ^e^^hinur 
side, the Vastus internus ; and that in front, the 

The Rectus femoris is situated in the middle of the anterior region of the 
thigh : it is fusiform in shape, and its superficial fibre's are arranged in a bipenni- 
form manner, th^eep fibres running straight down to the deep aponeurosis. 
It arises by two tendons : one, the anterior or straight, from the anterior 
inferioi' spine of the ilium ; the other, the posterior or reflected tendon, 
from a groove above the brim of the acetabulum. The two unite at 
an acute angle, and spread into an aponeurosis which is prolonged down- 
wju’ds on the. antciior surface of the muscle, and fi'om tliis tlie muscular 
fibres arise. 'I’lie muscle terminates in a broad and thick aponeurosis, which 
occupies th(' lower two-thirds of its postt'rior surface, and, gradually becoming 
narrowed into a flattened tendon, is in,sorted into tlie patella in common with 
tlic V'asti aiul (Vureus. 

The Vastus externus (m. vast us latenuis) is the largest part of the Quad¬ 
riceps extensor. It arises by a broad aponeurosis, wliicli is attached to the upper 
pai’t of the anterior int(“rtroi,hanteric line, to the anterior and inft'rior border 
• of the root ot the great trocdianter. to the outer lij) of the gluteal ridgi*., and 
to the upp('r half of tlic outtw liji of the linea aspera ; this aponeurosis covers 
the u|>per three-fourtlis of the muscle, and from its iiuHW surface many fibres 
take oiigin. A few additional fibres arise from the ti'ndon of the Gluteus 
maximus, and from tlu* cxtcTnal inti'rmuscular septum between the Vastus 
externus and short h(!ad of the Biceps. 'J’he fibres form a large fleshy mass, 
which is at,taehed to a strong aponeurosis, placcid on the under surface of 
the muscle at its k>wcr iiart: this becomes contracted and tliickened into 
a flat tendon insc-rted into the outer border of the f)alella, blending with 
th(! Quadriceps extensor ttmdon, and giving an exj)ansion to the capsule of 
the kiwic-joint. 

Tlie Vastus internus and Crureus appear to be inseparably united, 
but when the Keetus fcmioiis has been i-efU'cted a naiTow inteival wdll be 
observed extending upwards from tlie inner border of the patella betu'cen 
the two mus(!les. Here they can lie separated, and the separation may be 
continued upwards as far as the low(‘r jiart of tlie anterior intertrochanteric 
line, wJiere, however, the two muscles are freipiently continuous. 

Tlie Vastus internus (m. vastus medialis) aiisi's from the lower half of 
the anterior intertrochanteric line, the spiivd line, tlie inner lip of the linea 
i‘'<pera, the iijiper part of the, internal su})raeondyLar line, the tendons of 
the Adductor longu.s and Adductor magiius and the internal intermuscular 
se|)tum. Its fibres are directed downwards and forwards, and arc chiefly 
attached to an afioneurosis vi liich lies on the deep surface of the muscle and 
is inserted into the inner border of tlie ]iatella and the Quadriceps extensor 
tendon, an expansion being sent to the capsule of tlie knee-joint. 

The Crureus (m. vastus intermedins) arises from the front and outer 
aspect of the shaft of tlie femur in its ujiper two-tliirds and from the lower 
part of tlie external intermuscular ■scjitmn. Its fibres end in a superficial 
aponeurosis, which forms the deep part of the Quadriceps extensor tendon. 

The ienfio7is of the different jiortions of the tiuadi’iceps (>xtensor unite 
at the lower part of the thigh, so as to form a single strong tendon, which is 
insiu'tcd into the upiier part of the patella, some few fibres passing over it 
to blend with the ligamentum patella*. More propru-ly, the patella may be 
regarded as a sesamoid bone, developed in tin* tendon of the Quadriceps; 
and the ligamentum patella*, which is continued from the lower part of the 
patella to the luberosil,y of the tibia, as the proper tendon of insertion of the 
musele, the lateral patellar ligameiltB (see page 430) being fascial expansions 
from its borders. A synovial bursa, which usually communicates with the 
cavity of the knee-joint, is situated between the femur and the jiortion of 
the Quadriceps extensor tendon above tke patella; anollu'r is inteximsed 
between the tendon and the upper part of the front of the tibia ; and a third, 
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Fig. 542.—^Muscles of the iliac and 
anterior femoral regions. 

.f 



the pre-pakllar bursa, is placed over the 
patolla itself. The last often becomes en¬ 
larged, constituting ‘ housemaid’s knee.’ 

Tlie Riihr|-urpi^^ ^in. articularis genu) 
is a small muscle, usually distinct from 
the Crureus. but occasionally blended ivith 
it, Avliich arises from the anterior surface 
of the lower part of the shaft of the. femur, 
and is inserted into the upper jiart of tlie 
synovial membrane of knee-joint. It 
sometimes consists of "^several separate 
muscular bundles. 

Nerves.—I’he Tensor fasciro femoris is 
supjilied by the fourth and fifth lumbar and 
first sacral nerves through the superior 
gluteal nei've; the other muscles of this 
region, by the second, third, and fourth 
lumbar nerves, through branches of the 
anterior crural. 

Actions.—The Tensor fascifo femoris is 
a tensor of tin* fascia lata ; continuing its 
action, the, oblique direction of its filn-es 
enables it to abduct the thigh and to rotate 
it inwards. In the er(*ct posture, acting 
from below, it will serve to steady the pelvis 
upon the, head of the, femur ; and by means 
of the ilio-tibial baiid it steadies the con¬ 
dyles of the femur on the articular surfaces 
of the tibia, and assists the Gluteusmaximus 
in supj)orting the knee in the extended posi¬ 
tion. The Sartorius flexes the leg upon the 
thiah, and, cotitinuing to act, flexes the 
thigh ujion the. pelvis ; it next abducts and 
r(»tates the thigh outwards. It was formerly 
suppos('d to adduct the, thigh, so iis to cross 
one leg over the, other, as in the squatting 
position, and hence, received its name, of 
Sartorius, or tailor’s muscle. When the 
knee is bent, the Sartorius assists the Semi- 
tendinosus, Seniiinonibrunosus, and Popli- 
teus in rotating the tibia inw’ards. Taking 
its fixed point from the leg, it flexes the 
pelvis upon the thigh, and, if one muscle, 
arts, assists in rotating the pelvis. The 
(Quadriceps (ixtensor extends the, log upon 
the thigh. The Rectus,muscle assists the 
Psoas and Iliucus in supporting the pelvis 
and trunk upon the femur. It also a.ssist8 
in flexing the thigh on the pelvis, or if the 
thigh be fixed it will flex the pelvis. The 
Vastus internus draws the patella inwards as 
well as upwards. 

Applied Anatomy .—A few fibres of the 
Rectus muscle are oce,asionally ruptured from 
sovere strain. This accident is especially liable 
to occur during the games of football and 
cricket, and is sometimes known as ‘ cricket 
thigh.’ The patient experiences a sudden pain 
in the part, as if he had been struck, and the 
Rectus muscle stands out and is felt to be tense 
and rigid. The accident is often followed by 
consideiable swelling from inflammatory effu¬ 
sion. Occasionally the Quadriceps extensor 
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may be tom away from its insertion into the patella; or the tendon of the patella 
tnay be ruptured about an inch above the bone. This accident is caused in the same 
manner as fracture of the jiatella by muscular action, viz. by a violent muscular effort 
to prevent falling while the knee is in a position of somiflexion. A distinct gap can 
be folt above the patella, and, owing to the retraction of the muscular fibres, union may 
fail In take place. 


2. Internal Femoral Region 

Gracilis. Adductor longus. 

Pectineus. Adductor brevis. 

* Adductor maguus. 

The Gracilis (figs, 542, 544) is the most superficial muscle on the inner 
side of the thigh. It is thin and flattened, broad above, narrow and tapering 
below. It arises by a thin aponeurosis from the anterior margins of the lower 
half of the symphysis pubis and the upper half of the pubic arch. The fibres 
run vertically downwards, and terminate in a rounded tendon, which passes 
behind the internal condyle of the femur, and, curving round the inner tubero¬ 
sity of the tibia, becomes flattened, and is inserted into th(* upper part of the 
inner surface of the shaft of the tibia, below the tuberosity. A fcAv of the 
fibres of the lower part of the tendon are prolonged into the deep fascia of 
th(‘ leg. At its insertion the tendon is situated immediately above that of 
the ISemitcndinosus, and its upper edge is overlapped by the tendon of the 
Sartorius, with whieh it is in part blended. As it passes across th(i internal 
lateral ligament of the knee-joint, it is separated from it by a synovial bursa 
common to it and the Semitendinosus. 

The Pectineus (fig. 542) is a flat, quadrangular niuseh!, situated at the 
anterior part of the iipjier and inner aspect «jf the thigh. It arises from the 
ilio-pectincal line, .and to a sliglit extent from the surface of bone in front 
of it, between the pectineal eminence and spine of the ]nibis, and from the 
fascia covering the .anterior surface of the muscle ; the fibres ]iass downw’ards, 
backwards, and outwards, to be. inserted into .a rough line leading from the 
.small trochanter to the linca aspera. 

Relations.—It is in relation l»y its anterior surface with the pubic portion of the 
fascia lata, which si'jmratcs it from the tcmor.al vo.ssols and internal saphenous vein ; l)v 
its posterior surface, with the caiisular ligament of the hip-joint and the Adductor brevis 
and Obturator oxtornus muscles, the obturator vessels and nerve being interposed; by 
il« outer border, with the Psoas, a i:elliilar interval separatim; them, through which pass 
the internal eirciimtlcx vessels ; by its inner border, with the margin of the Adductor 
longus. 

The Adductor longfus (fig. 54.3), tlie most superficial of the three Adduc¬ 
tors, is a flat, triangular muscle, lying in the same plane as the Poctincu,s. It 
arises by a flat, narrow tendon, from the fi-ont of the pubis, at the angle of 
junction of the orc.st witli the symphysis ; and soon expands into a broad 
flesJiy belly. This passes downwards, backwards, and outwards, and is inserted, 
by a.n aponeurosis, into fhe linea aspera, between the Vastus internus and 
the Adductor magnus, with botli of which it is usually blended. 

. ^ Relations.—It is in relation by its anterior surface with the*fascia lata, the Sartorius, 
and, near its insertion, with the femoral artery and vein; by its posterior surface, with 
the Adduetores brevis et magnus, the anterior division of the obturator nerve, and near 
its insertion with the profunda artery and vein; by its outer border, with the Poctineus ; 
by its inner border, with the flracilis. 

The Adductor brevis (tig. 543) is situated immediately behind the two 
preceding muscles. It is somewhat triangular in form, and arises by a narrow' 
origin from the outer surface of the body and descending ramus of the pubis, 
between the Gracilis and Obturator externus. Its fibres, passing backwards, 
outwards, and doAvnwards, are inserted, by an aponeurosis, into the line 
leading from the small trochanter to the linca a.spera and into the upper part 
of the linea aspera, immediately behind the Pectineus and uppi'r part of the 
Adductor longus. 
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Fia. 643.—Deep muscles of the mterual 
femoral region. 


Relations.—It is in relation by ’its anUrtor sur/acv with the Pectineus, Adductor 
longns, profunda fomoris artery, and anterior division of the obturator nerve; by its 

pDstarior surface, with the Adductor magnus. 
and posterior division of theobturatw nerve j 
by its outer border, with the internal cir- 
oumfiex artery, the Obturator extemiu, and 
conjoined tendon of the Psoas and lliaoust 
by its inner border, with the Gracilis and 
Adductor magnus. It is pierced near its 
insertion by the second or first and second 
perforating branches of the profunda femoris 
artery. 

Tiie Adductor mag-nus (fig. 543) 
is a largo triangular muscle, forming a 
septum between the muscles on the 
inner and those on the back of the 
thigh. It arises from a small part of 
the descending ramus of the jnibis, from 
file ramus of fiic ischium, and from the 
outer margin of the inferior i)art. of the 
tuberosity of the iseliium. Tliose fibres 
which arise from the ramus of tlie pubis 
aje very short, liori/.ontal in direction, 
and are inserted into the rough line 
leading from the great trochanter to 
the linea aspera, internal to tlie Gluteus 
maxinius ; those from tlie ramus of tlx* 
ischium ai’e directed downwards and 
outwards with different degrees of 
obliquity, to be inserted, by means of a 
broad aponeuro.sis. into tlie linea iispera 
and the upper part of its internal pro¬ 
longation bolow'. 'riie internal ])ortiori 
of the imisele, eomposi'd priiwipally of 
tlie fibres ari.sing from the tuberosity of 
till' ischium, forms a thick fleshy mass 
consisting of coarse bundles w’hieh 
descend almost vortieally, and ter¬ 
minate about the lower third of the 
thigh in a rounded tendon, wliieh is 
inserted into the adduct or tubcrele on 
the inner condyle of the femur, and is 
eonneeted by a fibrous expansion to 
the line leading upwards from the 
tiibi'relc to the linea aspera. At the 
insertion of the muscle, a series of 
osReo-a})oneurotie openings, formed by 
tendinous arches attached to the bone, 
is seen. The upper four openings arc 
small, and give passiigo to the per¬ 
forating branches of the profunda 
femoris artery. The lowest is of large 
size, and transmits the femoral vessels 
from Hunter’s canal to the popliteal 
space. 

Relations.—It is in relation by its anterior' 
surface with -the Pectineus, Adductor 
brevis, Adductor longus, and the femoral 
and profunda vessels and obturator nerve; 
by its posterior surface, with the great 
sciatic nerve, the Gluteus maximus. Biceps, 
Semitendinosus, and Semimembranosus. Its superior or shortest harder lies parallel with 
the Quadxatus femoris, the internal ciroumflex artery passing between them. Its 
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inivrml or longest border is in relation with the Gracilis, Sartorius, and fascia lata. By 
its external or attached border, it is inserted into the femur, behind the Adductor brevis 
and Adductor longus which separate it from the Vastus intornus, and in front of the 
Gluteus maximus and short head of the Biceps which separate it from the Vastus 
externus. 

IferveB. —The three Adductor muscles and the Gracilis are supplied hy the - 
third and fourth lumbar nerves through the obturator nerve; the Adductor ma^gnus . 
receiving an adcUtional branch from the sacral plexus through the great sciatic.. 
The Poctineus is supplied by the second, third, and fourth lumbar nerves through 
the anterior crural, and from the third lumbar by the accessory obturator when 
it exists. Occasionally it receives a branch from the obturator nerve.* 

Actions. —The Pectin eus and throe Adductors adduct the thigh powerfully; 
they are especially used in horse exercise, the sides of the saddle being grasped 
between the knees by the contraction of these muscles. In consequence of the 
obliquity of their insertions into the linea aspera, they rotate the thigh outwards, 
assisting the external Rotators, and when the limb has been abducted, they draw 
it inwards, carrying the thigh across that of the opposite side. The Pectineus 
and Adductores brevis et longus assist the Pf. as and Iliacus in flexing the thigh 
u[K)n the pelvis. In progression, also, all thesii muscles assist in drawing forwards 
the lower limb. The Gracilis assists the Sartorius in H(*xing the le,g and rotating 
it inw'ards : it is also an adductor of tin; thigh. If the lowT.r extremities be fixed, 
those muscles, taking their fixed points below', may act upon the pelvis, serving 
to maintain the body in an erect posture ; or, if tbeir action be continued, flex the 
jiolvis forwards upon the femur. 

Applied AnaUmg.—Thc. Ad<luotor longus is liable to be severely strained in those 
who ritle much on horseback, or its tendon may be ruptured by suddenly grip}>ing the 
saddle. Oe.casionally, cspeeially in cavalry soldiers, tin- tendon may become ossified, 
constituting the ‘ rider’s hone.’ 


3. Gluteal Jfegion (fig. 544) 


Gluteus maximus. 
Gluteus medius. 

Gluteus minimus. 
Pyriformis. 

Obturator 


Obtu rat or i nternu s, 
Gemellus superior. 
Gemellus inferior. 
Quadratus femoris. 
externus. 


The Gluteus maximus, the most .superficial muscle in the gluteal i-egion, 
is a very broad and thick fleshy mass, of a quadrilateral sliape, and forms 
the profiiinenee of the nates. Its large size is one of the most charae- 
1 eristic points in the muscular system in ntan, connected as it is with the 
power he has of maintaining the truTik in the erect posture. In structure the 
muscle is remarkably coarse, being made up of muscular fasciculi lying parallel 
with one another, and eoUeeted together ii^ larg e bundles s^arated by deep 
cellular intervals. lt.^isos from, the sp|^erim; fui'yegm-'or-pt^^ ^ 
the rough p ortion qFbQP^*, including the crest, immediat ely above and BSHInd 
it7 from^ Mcrposlorior surfac e of the lower jraTt "of'saeftSW^jC^^ 
or^the*TOcBY^ from the aponeurosis of the Erector 

mt, and tlie lascia (gluteal aponeurosis) ■ covering the Gluteus 
Tgpdias*. The fibres are directed obliquely downw'ards and dulwMdfe"; those 
forming the upper and larger portion of the mmsclc, together with the super¬ 
ficial fibres of the lower portion, terminate in a thick tendinous lamina, which 
passes across the great trochanter, and is inserted into the fascia lata covering 
the outer side of the thigh ; the deeper fibres of the lower portion of the muscle 
are inserted into the rough line leading from the great trochanter t.Qilia linea 
aaj^ra^^ 


• Paterson describes the Pectineus as consisting of two incompletely separated strata; 
the outer or dorsal stratum, which is constant, is supplied by a bnmch from the anterior 
crural nerve, or in the absence of this branch by the accessory obturator, with which it is 
intimately related; while the inner or ventral stratum, when present, is supplied by the 
obturator nerve .—journal ef Anatomy and Physiology, vol. xxvi. p. 43. 
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Tliree synovial bursce are 
usually found in relation 
M'ith the deep surface of 
this muscle. One of these, 
of large size, and generally 
multilocular, separates it 
from the great trochanter. 
A second, often wanting, is 
situated on the tuberosity of 
the ischium. A third is found 
between the tendon of the 
muscle and that of the Vastus 
externus. 

Relations. —The Gluteus 
maximus is in relation by its 
gU'per/cM aurjnrt with a thin 
fascia which separates it from 
the subcut aneous tissue; ))y its 
/irt-p .siir/arr, from above down¬ 
wards. with the ilium, sacrum, 
coccyx, and great sacio-s< iatic 
ligament, part of flic Gluteus 
medius, Pyriformis, Gemelli. 
Obturator internus. Quadratus 
femoris, llie lubcro.'-ity of the 
iscliium, great (roch.mter, the 
origins of the Bicc])s, Somi- 
teiulinosus, Scmimcmbratiosus. 
and the A<lductor magnus. The 
suj)crticial juirt of the gluteal 
artc'iy reaclies (he deej) surface 
of lh(‘ muscle by passing between 
the PjTiformis and the Gluteus 
medius; the sciatic and internal 
pudic vc.sscls and nerves, and 
muscular branches from tlic sacral 
plexus, issue from the pelvis below 
the Pj’riformis. 'J’he first per¬ 
forating artery and the terminal 
brauehes of the internal «-ireum- 
flex artery are also found under 
cover of the lower part of the 
muscle. Jts vpper biirdi-r is thin, 
and eoimeiited with the Gluteus 
medius liy the fascia lata. Its 
luwar border is free and promi¬ 
nent. and is crossed by the fold 
of the nates. 

The Gluteus 

a broadtliicK,' 
muscle, situated on the outer 
surface of tliepelvis. Itspos- 
lerior third is covered by the 
Gluteus maximus, its anterior 
two-thirds by the fascia lata, 
which separates it from the 
superficial fascia and integu¬ 
ment. It arises from the 
outer surface of the ilium, 
between the superior and 
middle curved lines, and from 
the outer lip of that portion < 
of the crest which is between 
them; it also arises from 
the dense fascia (gluteal 


rnedii^ is 
radiating 
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aponeurosis) covering its outer surfaqe. The fibres converge to a strong 
flattened tendon, winch is inserted into the oblique ridge which runs down¬ 
wards and forwards on the outer surface of the great trochanter. A synovial 
bursa separates the tendon of the muscle from the surface of the trochanter in 
front of its insertion. 

The Gluteus minimus, the smallest of the three Glutei, is placed 
immediately beneath the preceding. It is fan-shaped, arising from the outer 
surface of the ilium, between the middle and inferior curved lines, and behind, 
from the margin of the great sacro-sciatic notch. The fibres converge to the 
deej) surface of a radiated aponeurosis, which, terminating in a tendon, is 
inserted into an impression on the anterior border of the great trochanter, 
and gives an expansion to the capsule of the hip-joint. A synovdal bursa is 
interposed between Ihc t.endon and the gi'cat trochant er. Between tlie Gluteus 
mediiis and Gluteus minimus arc the deep branches of the gluteal vessels ;ind 
the superior gluteal nerve. The deep surfa<‘o of the Gluteus minimus is in 
relation uifh tlus reflected tendon of the Rectus femoris and the capsular 
ligament of the hip-joint. 

The Pyriformis is a flat muscle, pyramxlal in shape*, lying almost parallel 
with the [)ostorior mai’gin of the Gluteus medius. It is situ.ated partly Avithin 
tlie pelvis against its post-erior Avail, and pa"tly at the back of the hip-joint. 
It arises fjom the front of the sacrum by tlircc fleshy digitations, attached 
to the ]»ortions of bone betweem the first, second, third, and fourth anterior 
.sacral foramimi, and also to the groove's leading from the foramina ; a 
f('AV fibres idso arise from the margin of the great sa(!ro-seiatie foramen, and 
from the antc'rior surface of tlie, great sacro-sciatic ligairn'iit. The muscle 
passi's out of the pelvis through the great sacro-sciatic foramen, the upper 
part of which it tills, and is inserted by a rounded tendon into tlu' ujiper border 
of the great troclianter, ])chind, but often partly bh'iided with, the tendon 
of tlu' Obturator ini emus and Geiuelli. 

Relations. — Within the pHvin the I’vj'ilonnis is in relnlion hy its nnterior surface Avith 
the rectum (esiiocially on the left side), tlic s.acral jilcxus of iierA’cs, luicl lias hranehes of 
the intornal iliac vessels, and by its (nshrior surface with the sacrum. E.xicrual tn Ihc 
pciris, its anterior suriac.e is in contaet Avith the posterior surface of Ihc isi'hium and 
cajisular ligament of the hi[»-joiut ; and its posterior surfiee. with the (Jliiteus maximus ; 
its upper border is in relation Avilh the f-ilnti'us moiliiis, and tin* gluti-al vessels and sii])erior 
gluteal norvm; its lower border, Avitli the (Jemcllus superior and t'ooeygens, the sciatic 
vessels and nerves, the inltirnal jmdic vessels .and nerve, and muscular hranohes frojti 
the saei'al plexus, passing from the jiclvis in tlie interval hetAvi'tm tlie two muscles. Tlie 
muscle is frerjuently jiiereed by the external po{)litciil nerve. 

The obturator membrane (tig. 444) is a thin layer of interlacing fibres, 
Avhich almost eomjilctely closes tlu? obturator foramen. It is attached, 
externally, to the maigin of the foramen ; internally, to tlu’! posterior surface 
of the. iseiiio-jnibio ramus, heloAv and internal to the margin of the foramen. 
At its Ai[)per and outew part it is di'ficicnt, leaving a small eanal, which is 
bounded below by a thickened band of lihres, and giA^es passage to the obturator 
vessels and nerve (see. page 326). Both Obturator muscles are connected 
with this membrane. 

The Obturator internus, like tlic iweeeding muscle, is situated partly 
within tlie cavity of the pelvis, and partly at the back of the hip-joint. It 
arises from the inner surface of the antero-lateral wall of the pelvis, Avhere 
it surrounds the greater part of the obturator foramen, being attached to 
the descending ramus of the pubis and the ramus of the ischium, and at 
the side to the inner surface of the innominate bone beloAA' and beliind the 
pelvic brim, reaching from the upper part of the great sacro-sciatic foramen 
above and behind to the obturator foramen beloAv and in front. It also arises 
from the inner surface of tJie obturator membrane except at its posterior 
part, from the tendinous arch which completes the canal for the passage of 
the obturator vessels and nerve, and to a sUglit extent from the obturatoi' 
, layer of the pelvic fascia, which covers it. The fibres converge rapidly tOAA-ards 
the small sacro-sciatic foramen, and terminate in four or five tendinous hands, 
Avhich are found on the deei> surface of the muscle ; these bands aie reflected 
at a right angle over the grooved surface of the ischium between its spine 
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and tuberosity. This bony surface is covered by smooth cartilage, whicli is ' 
separated from the tendon by a synovial bursa, and presents one or more 
ridges corresponding with the furrows between the tendinous bands. The^ 
bands leave the pelvis by the small sacro-soiatic foramen and unite into a’ 
single flattened tendon, which passes horizontally outwards, and, after receiving 
the attachments of the Gemelli, is inserted into the fore part of the inner surface 
of the great trochanter in front of the I’yriforrais. A synovial bursa, narrow 
^d elongated in form, is usually found between the tendon and the capsular 
ligament of the hip : it occasionally communicates with the bursa between 
the tendon and the tuberosity of the ischium. 

Relations.— Within the pelvis, this muscle is in relation, by its anterior surface, with , 
the obturator membrane and inner surface of the anterior wall of the pelvis ; by its * 
. posterior surface, with the obturator fascia, and the origin of the Levator ani, and with the 
internal pudic vessels and nervo which cross it. The posterior surfacic forms the outer 
boundary of the ischio-rectal fossa. External to the pelvis, the muscle is covered by the 
Gluteus maximus, crossed by the great sciatic nerve, and rests on the back part of the 
hip-joint. When the tendon of the Obturator intornus emerges from the small sacro- 
sciatic foramen it is overlapped both in front and behind by the two Gemelli which form a 
muscular canal for it; near its insertion the Gemelli pass in front of the tendon and form a 
groove m which it lies. 

The Gemelli are two BinaJl muscular fasciculi, accessories to the tendon 
of the Obturator interuus which is received into a groove between them., 
They are ciilled superior and inferior. 

The Gemellus superior, the smaller of the two, arises from tlie outer surface 
of tile spine of the ischium, and passing liorizontally outw'ards becomes blended 
witli the upper part of the tendon of the Obturator inlernus, and is inserted 
w'ith it into the inner surface of th(( great t roehanler. It is sometimes wanting. 

The Gemellus inferior arises fi-orn the Ijpi)er Jjart of the tuberosity of the 
ischium, where it forms the lower edge of the groove for the Obturator inttfmus 
tendon. Passing liorizontalh'^ outwards, it blends with the lower part of the , 
tendon of the Obturator internus, and is inserted with it into the inner surface 
of the great trochanter. 

The Quadratus femoris is a flat, quadrilateral muschi, between the Ceincllus 
inferior and the upper margin of tiio Adductor magnus ; it is separated from 
the latter by the tcrniinul branclies of the internal circumfli'x ves.sels. It 
arises from I he upj)er jjart of the external lif) of the tuberosity of the ischium, 
and, proceeding horizontally outwards, is inserted inlo tlie upper part of the 
linea quadrata—that is, the line which extends vertically downwards from-^ 
the posterior intertroehanterie line. A synovial bursa is often found between ’ 
the front of this muscle and the small trochanter whitfli it covers. 

The Obturator externus (fig. 545) is a flat, triangular muscle, which 
covers the outer surface of the anterior wall of the pelvis. It arises from the 
margin of bone immediately around th<* inner side of the obturator foramen, 
viz. from the body and ramus of the pubis, and the ramus of the ischium ; 
it also arises from Uie inner two-thirds of the outer surface of the obturator 
membrane, and from the tendinous arc:h which comidetes the canal for the 
passage of the obturator vessels and nerves. The fibres frt)m the pubic arch 
extend on to the inner surface of the bone, where they obtain a narrow 
origin between the margin of the foramen and the attachment of the mem¬ 
brane. The fibres converge and pass backwards, outwards, and upwards, 
and terminate in a tendon which rnns across the back part of the hip-joint 
and is inserted into the digital fossa of the femur. The obturator vessels 
lie between the muscle and the obturator membrane ; the superficial part 
of tlic obturator nerve reaches the thigh by passing in front of the muscle, 
and the deep branch of the same nerve by piercing it. 

Kerves.—The Gluteus maximus is supplied by the fifth lumbar and first and 
second sacral nerves through the inferior gluteal nerve from the sacral plexus; 
the Gluteus medius and minimus, by the fourth and fifth lumbar and first sacral 
nerves through the superior gluteal; the Pyriformis is supplied by the first and 
second sacral nerves; the Gemellus inferior and Quadratus femoris by the last 
lumbar and first sacral nerves ; the Gemellus superior and Obturator internus by 
the first, second, and tliird sacral nerves, and the Obturator externus by the third 
and fourth lumbar nerves through the obturator. 
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• Actions. —The Gluteus niaximus, when it takes its fixed point from the pelvis, 
extends the femur and brings the bent thigh into a line wi^ the body. Taking 
its fixed point from below, it acts upon the pelvis, supporting it and the trunk 
upon the head of the femur; this is especially obvious in standing on one leg. 
Its most powerful action is to cause the body to regain the erect position after 
stooping, by drawing the pelvis backwards, being assisted in this action by the 
fiiceps, Semitendinosus, and Semimembranosus. The Gluteus maximus, is a 
tensor of the fascia lata, and by its connection with the ilio-til>ial band steadies 
the femur on the articular surfaces of tlie tibia during standing, when the Extensor 
muscles are relaxed. The lower part of the muscle also acts a.s an adductor and 


Eio. 646.—Obturator extemus muscle. 

(From a preparation in the Museum of the Royal College of Surgeons of England.) 



external rotator of the limb. The Gluteus medius and minimus abduct the thigh, 
when the limb is extended, and are principally called into action in 8 U 2 )porting 
the body on one limb, in conj unction with the Tensor fascim femoris. Their anterior 
fibres, by drawing the great tiochanter forwards, rotate the thigh inwards, in 
w'hich action they arc also assisted by the Tensor fascise femoris. The remaining 
muscles are powerful rotators of the thigh outwards. In the sitting posture, 
when the thigh is flexed upon the pelvis, their action as rotators ceases, and they 
become abductors, with the exception of the Obturator extemus, which still rotates 
the femur outwards. 


4. Posterior Femoral Region, (fig. 544) 

Biceps. Semitendinosus. Semimembranosus. 

The Biceps (m. biceps femoris) is a large muscle, of considerable length, 
situated on the posterior and outer aspect of the thigh. It has two heads 
of origin : one, the long head (caput longum), arises from the lower and 
inner impression on the back part of the tuberosity of the ischium, by a 
tendon common to it and the Semitendinosus, and from the lower part of 
the great sacro-sciatic ligament; the other, or short head (caput breve), 
the outer lip of the linea aspera, between the Adductor magnus and 
'■* P P 
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Vastus externus, extending up almo^ as high as the insertion of the Gluteus 
maximus ; from the outer prolongation of the linea aspora to within two inches 
of the outer condyle; and from the external intermuscular septum. The 
fibres of the long head form a fusiform belly, which passes obliquely down¬ 
wards and ouhvards across the great sciatic nerve to terminate in an apo¬ 
neurosis wliicli covers the posterior surface of the muscle, and receives the 
fibres of the sliort head: this aponeurosis becomes gradually contracted into 
a temlon. which is inserted into the outer side of the head of the fibula, and 
by a small slip into the lateral surface of the externfU tuberosity of the tibia. 
At its insertion the tendon divides into two portions, which embrace the 
long external lateral lig.-imcnt of the kru^e-joint. From the posterior border 
of the tendon a tliin expansion is given off to the fascia of the log. The tendon 
of this muscle forms the outer hamstring ; the external popliteal nerve descends 
along its inner border. 

The Semitendinosus, remarkable for tlie great length of its tendon, is 
situated at the posterior and inner asjxet of the tliigh. It arises from the 
lower and inner impression on the tuberosity of the ischium, by a tendon 
common to it and the long head of tlic biceps ; it also arises from an apo¬ 
neurosis whicih connects the adjacent surfaces of the two muscles to the extent 
of about three inclies from tlieir origin. It forms a fusiform muscle, wliiclj, 
passing downwards and inwards, tci-minatcs a lit/tle }>elow the middle of the 
thigh in a long round tendon which lies along the inner side of the popliteal 
space; it then curves around the itmer tuberosity of tlic tibia and pass«‘s 
over tlic internal lateral ligament of the knee-joint, from which it is separated 
by a bursa, and is in,scrted into the upper jiart of tlu^ inner surface of tJu; 
shaft of the tibia, nearly as far forwards as its anterior border. At its insertion 
it gives off from its lower border a prolongation to the deep fascia of the leg. 
This tendon lies behind tJic temdon of the Sartorius, and below that of the. 
Gracilis, to which it is united, A tendinous intersection is usually obs(*rvcd 
about the middle of the muscle. 

The Semimembranosus, so called fi-om its membranous tendon of origin, 
is situated at the back part and inner side of the thigh. It arises ]»y a thiek 
tendon from the upper and outer impression on the back })ar1 of the tuberosity 
of the ischium, above and to the outer side of the Biceps and Semibmdinosus, 
and is inserted into the groove on the inner and back part of the inner tub(‘rosity 
of the tibia. The tendon of tlie muscle at its origin expands into an apo¬ 
neurosis, whieli covers Ihc upj)cr part of its anterior surface : from this 
aponeurosis muscular fibres arise*, anef converge to another aponeurosis which 
covers llui lower part of its posterior surface and contracts into tlie tendon 
of insertion. The tendon of insei'tiou gives off certaiti fibrous expansions : one 
of these, of considerable size, passes upwards and outwards to be inserted into 
the back part of tlie outer condyh; of tJie fc'mur, forming part of tlic ])ostcrior 
ligament of the knee-joint ; a second is continued downwards to the fascia 
which covers the Popliteus muscle ; while a few fibres join the internal lateral 
ligament of the joint and the fascia of the leg. The muscle overlaps the 
upper part of the popliteal vessels. 

TJie tendons of the two preceding muscles form the inner'hamstrings. 

Nerves.—The muscles of this region arc supplied by the fourth and fifth 
lumbar and the first, second, and third sacral nerves through the great sciatic 
nerve. 

Actions.—The hamstring muscles flex tlie leg upon the thigh. When the 
knee is somitlcxc?d, the Biceps, in consecjuencc of its ohlicpie direction downwards 
and outwards, rotates the leg slightly outwards; and the Semitendinosus, and 
to a slight extent the Semimembranosus, rotate the leg inwards, assisting the 
Popliteus. Taking their fixed point from below, these muscles serve to support 
the pelvis upon the head of the femur, and to draw the trunk directly backwards, 
as in raising it front the stooping position or in feats of strength, when the body 
is thrown backwaids in the form of an arch. As already indicated on page 427, 
complete flexion of the hip cannot be effected unless the knee-joint is also flexed, 
on account of the shortness of ^hc hamstring muscles. 

Applied Anatomy .—^In disoaso of the knee-joint, contraction of the hamstring tendons 
is a],freqaent complication ; this causes flexion of the leg, and a partial dislocation of the 
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tibia backwards, with a slight degree of rotation 
outwards, probably due to the action of the Biceps 
muscle. The hamstring tendons occasionally 
require subcutaneous division in some forms of 
spurious ankylosis of the knee-joint dependent upon 
permanent contraction and rigidity of the Flexor 
muscles, or from contracture of the ligamentous 
and other tissues surrounding the joint, the result 
of diseaso. This is eficctcd by putting the tendon 
upon the stretch, and inserting a narrow, sharp- 
pointed knife between it and the skin ; the cutting 
edge being then turned towards the tendon, it 
should be divided, taking care that the wound in 
the skin is not at the same time enlarged. T^e 
relation of the external popliteal nerve, which lies 
in close apposition to the inner border of the tendon 
of the Biceps, must always be borne in mind in 
dividing this tendon, and a free incision with 
exposure of the tendon, before division, is the safer 
proceeding. 


III. Musci.ns AND FASC'l.ti OF THE LE(’ 

Tlie muscles of the leg may be divided 
into llirce groups : those on the anlcuior, 
those on the posterior, and those on tlu*. outer 
side. 

5. Anterior TUrio-Jihnlar Region (fig. 546) 

Tibialis anticus. 

Extensor proprius liallucis. 

Extensor longus digitornm. 

I’eromnis tertius. 

The deep fascia of leg forms a com¬ 
plete investment to the muscles, and is fused 
with the poriosteuiu over the subciitajieous 
surfaces ot the bones. It is continuous aliove 
with the fascia lata, and is attached around 
the knee to the patella, the ligamentuin 
pntidin', the tubiu’cle and tuberosities of the 
tibia, and tlie head of the, fibula, ih'hind, it 
forms the jioplitcal fascia, covering in tlie 
yxipliteal space ; here it is specially thick, 
being strengthened by transverse, fibres, and 
is perforated by the external saphenous vein. 
It rc<*eives an expansion from tJie tendon of 
the Ifirseps on the outer 'side*, and from the 
tendons of the Sai’torius, Gracilis, Seniiteii- 
dinosus, and Soniirnembrunosiis on the inner 
side ; in front, it blonds with the periosteum 
covering the subcutaneous surface of the 
tibia, and with that covering the head and 
tixtcrnal malleolus of the fibula ; bi'low, it is 
continuous with the annular ligaments of the 
ankle. It is thick and dense in the upper and 
anterior part of the leg, and gives attach¬ 
ment, by its deep surface, to the Tibialis 
anticus and Extensor longus digitorum 
muscles; but thinner behind, where it covers 
the Gastrocnemius and Soleus muscles. It 
gives off from its deep surface, on the outer 
side of the leg, two strong intermuscular 
septa, the anterior and posterior peroneal 


Fia. 646.—Muscles of the front of 
the leg. 
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septa, which enclose the Peronei longus ot brevis, and separate them from the 
muscles on the anterior and posterior tibial regions, ana several smaller and 
more slender processes wliioh enclose the individual muscles in each region. 
At the same time a broad transverse intermuscular septum, called the deep 
transverse fascia of the leg, intervenes between the superficial and deep muscles 
in the posterior tibio-fibular region. 

The Tibialis anticus (m. tibialis anterior) is situated on the outer side 
of tlio tibia; it is thick and fleshy at its upper part, tendinous below. It 
arises from the outer tuberosity and upper half or two-tliirds of the external 
surface of the shaft of the tibia; from tlic adjoining part of the interosseous 
membrane ; from the deep surface of tlio fascia ; and from the inUirmuscular 
septum between it and tlie Extensor longus digitorurn. Tiie fibres pass 
vertically downwards, and terminate in a tendon, which is apparent on the 
anterior surfat'c of the muscle at the lower third of tlie leg. After passing 
through the innermost csorapartment of the anteiior annular ligament, it is 
inserted irito the inner and under surfac(‘ of the internal cuneiform bone, and 
the base of tlie metatarsal bone of the great, toe. Tliis muscle overlaps the 
anterior tibial vessels and ncwve in the upper part of the leg. 

The Extensor proprius hallucis (m. extensor hallucis longus) is a thin, 
elongated, and flattened muscle, situated between tlie Tibialis anticus and 
Extensor longus digitorurn. It arises from the anterior surfaee of the fibula 
for about the middle two-fourths of its extent, its origin being internal to that 
of the Extensor longus digitorurn ; it also arises from the interosseous mem¬ 
brane to a similar extent. 'Pile antm-ior tibial vessels and nerve lie between 
it and the 'I’ibialis arttieus. The fibres pass downuards, and terminate in 
a tendon, which occupies the anterior bordi*i' of the muscle, passes through 
a distinct compartment in the lower portion of t.hc finniilar ligament, crosses, 
from without inwards, the anterior tibial vessels near the bend of the ankle, 
and is inserted into the base of the, last phalanx of the great toe. Opposite 
the nietatarso-phalangeal articulation, the timdon gives off a thin piolongation 
on each sid(>, to cover the .surface of the joint. An expansion, from the inner 
side of the tendon, usually jiasses across to be, inserted into the base of the 
first phalanx. 

The Extensor longus dig’itorum is an elongated, flattened, penniform 
muscle, situated at the outer jiart of the front of the leg. It arises from the 
outer tuberosity of llu^ tibia ; from the upfier thre«‘-fourlhs of the anterior 
surface of the shaft of the, fibula ; from the upper ])art of the interos.seous 
membrane ; from the deep surface of the fascia ; and from the intermuscular 
septa between it and the. Tibialis anti<‘us on the inner, and the I’eronei on the 
outer side. Between it and the Tibialis anticus are the upper ])ortion8 of 
the anterior tibial vessels and nerve. The tendon passes under the annular 
lig.ament in company with the t*eron('us tertius, and divides into four slips, 
whicih run forward on the dorsum of the foot, and are inserted into tlui s*“cond 
and t bird phalanges of tlm tour lesstr to(‘s. Each of t he three inner t<mdons, 
opposite the ractatarso-phalangeal articulation, is joined, on its outer sidt*, 
by a tendon of the Extensor brevis digitorurn. The tendops are inserted in 
the following manner : ((aidi receives a fibrous expansion from the Interossei 
and Lumbriciales, a.nd then spreads out into a broad aponeurosis, which (sovers 
the, dorsal surface of the first phalanx : this aponeurosis, at the articulation 
of th(* first with the second phalanx, divides into three slips, a middle one, 
which is inserted into the base of the .second phalanx; and two lateral slips, 
which, after uniting on the dorsal surface of the second phalanx, are continued 
onwards, to be inserted into the base of the third. 

The Peroneus tertius is a part of the Extensor longus digitorurn, and 
might be d(*scribed as its fifth tendon. The fibres belonging to this tendon 
arise from the lower third or more of the anterior surfac^c of the fibula; from 
the lower part of the interosseous membrane ; and from an intermuscular 
septum between it and the Peroneus brevis. The tendon, after passing through 
the same canal in the annular ligament as the Extensor longus digitorurn, 
is inserted into the dorsal surface of the base of the metatarsal bone of the 
little toe. This muscle is sometimt^s wanting. 

Nerves.—These muscles are supplied by the fourth and fifth lumbar and first 
sacral nerves through the anterior tibial nerve. 
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Actions. —The Tibialis anticus and Pcroneua tertius are the direct flexors of 
the foot at the ankle-joint; the former muscle, when acting in conjunction with 
the Tibialis posticus, raises the inner border of the foot (i.c. inverts the foot); and 
the latter, acting with the Peronei brevis et longus, raises the outer border of 
the foot (i.e. everts the foot). The 


Extensor longus digitorum and Extensor 
propiius hallucis extend th<! j)halanges 
of the toes, and, continuing their action, 
Ilex the foot upon the leg. Taking 
their fixed points from below, in the 
erect posture, all these muscles serve to 
fix the bones of the leg in the perjjen- 
dicular position, and give incrcjised 
strength to the ankle-joint. 

0 . Posterior Tibio-Jibular lirtjion 

The muscles in this regioti of the 
leg are subdiv'ided into 1\vo layers— 
superficial and deep. Thos(^ of the 
sui)ei’licial layer «-onstitute a ])o\\'erful 
musculai>mass, forming the calf of the 
](‘g. Tlieir large .si/.o is one of 
the juost characti'ristic foatuj-es of the 
muscular aj»j)aratu.s in maji, ami bears 
a direct relation tohisordinary :d f if iide 
and mode of progression. 

Superjirial Laijir (fig. 547) 

Gastrocnemius. Soleus. 

Plantaris. 

The Gastrocnemius is the most 
.superfieial muscle, and forms thegr(“at(“r 
part, of t he ealf. It aris(>s by two heads, 
which ar(' connected to the condyles of 
the femur bj" two strong, flat tendons. 
The inner and larger head (caput 
mediale) takes its origin from a deprt's- 
sion at. the upper and back part of the 
inner eondyh* and from tlie adj.actmt 
i)art of the hmiur. The outer head 
(caput laterale) arises from an impi-es- 
sion on the outer side of the external 
condyle and from the posterior surface 
of the femur injraediately above the 
out(‘r part of the condyle. Both 
heads, also, arise from tlu; subjacent 
I)art of the capsular ligament, of the 
knee. Each tendon spreads out into 
an aponeurosis, wbicdi covers the 
posterior surface of that portion of the * 
muscle to wliich it belongs, hVom the 
anterior surfaces of these tendinous 
expansions, muscular fibres arc given 
off; those of the inner head being 
tliicker and extending lower than those 
f>f the outer. The fibres in the median 


Fin. 547.—Muscles of the hack of the leg. 
Superficial layer. 



line unite at an angle in a median tendinous raphe, Avhich expands into a 
broad aponeurosis on the anterior surface of the muscle, and into this 
the remaining fibres are inserted. The aponeurosis, gradually contract¬ 
ing, unites u’ith the tendon of the Soleus. and forms witli' it the tendo 
Achillis, 
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Relations.—The Gastrocnomius ia in relation by its superficial surface with the fascia 
of the leg, which separates it from the external saphenous vein and nerve; by its deep 
surface with the posterior ligament of the knee-joint, the Popliteus, Soleus, Piantaris', 
popliteal vessels, and internal popliteal nerve. Beneath the tendon of the inner head is 
a synovial bursa. Mhich, in some cases, communicates with the cavity of the knee-joint. 
The tendon of the outer head sometimes contains a sesamoid fibro-csirtilago or bone, 
where it [flays over tho corresponding outer condyle ; and one is occasionally found in 
the tendon of the inner head. 

The Soleus is a broad flat muscle situated immediately beneath the Gastro¬ 
cnemius. It arises by tendinous fibres from the back part of the head of the 
fibula, and from llic upper third of tho posterior surface of its shaft; from the 
oblique line of the tibia, iind from the middle third of its internal border ; some 
fibres also arise from a leudinous arch placed between the tibial and fibular 
origins of the muscle, beneath which the popliteal vessels and internal popliteal 
nerve run. The fibres pass bsickwards to an aponeurosis which covers th<* 
posterior surfacf; of the muscle, and this, gradufUly becoming thicker and 
narrower, joins witli tlie tendon of the Gastrocnemius, and forms with it tlie 
tetido Aehiitis. 

• 

Relations.—By its superficial surface it is in relation with the Gastrocnemius and 
Piantaris ; by its deep surface, with tin* Flexor longiis digitorum. Flexor loiigus kallucis. 
Tibialis jfosticus, and posterior tibial vessiils and nerve, from which it is separated by 
the transverse intermuscular sejitum or deep transverse fascia of the leg. 

The tendo Achillis Iteiido calcaneus), the common tendon of the Gastro¬ 
cnemius and Soleus, is tin* tliiekest and .strongest tendon in tlie body. It 
is about" six inches in length, and comineuees near the middle of the leg, but 
receives fleshy fibres on its anterioj- surface, almost tti its lower emi. Gradu¬ 
ally becoming contracted belou, it is insei’Icd into the middle part of the 
posterior surface of the os ealeis, a sytioxial bursa being iuferpos(*d between 
the tendon and the upjier jiart of this surface. TJie tendon sjireads out some- 
w hat at its lower ejid. so that its najTowest [)art is about an inch and a half 
above its insertion. Tlie tendon is eoveic'd by the fascia and the integument, 
and is separated from the dee]) muscles and vessels by a eonsideruble interval 
filled up with areolar and adipose tissue. Along its outer side, but .superficial 
to it., is the external saphenous vein. 

The Piantaris is an extremely diminutive muscle, placed between the 
Gastrocnemius and Soleus, and remarkable for its long and delicate tendon. 
It arises from the lower part ot the outer ])rolongation of tho linea aspc'ia, 
and from flu' j)ost(‘rior ligament of the kne(*-joini. It forms a small fusiTorm 
belly, about three or four inches in length, terminating in a long slender tendon 
W'hich cro.sses obliquely between the tAvo muscles of the calf, and runs 
along the inner border of the tendo Achillis, to be inserted with it into the 
j)osterior part of the os ealeis. This muscle is sometimes double, and at 
other times wanting. Oeeasionally, its tendon is lost in the internal annular 
ligament, or in tlie fascia of the leg. 

Nerves.—The Gastrocnemius is sujiplied by the, first and second sacral nerves, 
and the Piantaris by the fourth and (ifth lumbar and first sacral nerves, through 
the internal popliteal. The Soleus is supjilied by the first and second sacral nerves 
through the internal pojilitcal and po.steri<)r tibial. 

Actions.—The muscles ol the calf are the eliief extensors of the foot at the 
ankle-joint. I’liey ])ossess eonsidorablc power, and are constantly called into 
use in st anding, Avallcing, dancing, and Ie.aping; hence the largo size they usually 
present. In walking, these muscles draw powerfully upon the os ealeis, raising 
the heel from tlie ground: the body being thus supjiortcd on the raised foot, the 
opposite limb c.iii be carried forwards. In standing, the Soleus, taking its fixed 
point from below, steadies the leg upon the foot and prevents the body from 
falling foiwards, to which there is a constant tendency from the superincumbent 
weight. The Gastrocnemius, acting from below', serves to flex the femur upon 
the tibia, assisted by the Popliteus. The Piantaris is the rudiment of a large 
muscle which in some of the lower animals is continued over the os ealeis to be 
inserted into the plantar fascia. In man it is an accessory to the Gastrocnemius, 
^extending the ankle if the foot be free, or bending the knee if the loot be fixed. 
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Possibly, acting from below, by its attachment to the posterior ligament of the 
knee-joint, it may pull that ligament backwards during flexion, and so protect it 
from being compreasod between the two articular surfaces. 

Deep Layer (fig. 548) 

Popliteus. Flexor longus digitorum. 

Flexor longus hallucis. Tibialis posticus. 

The deep transverse fascia of the leg is a transversely placed, intei’- 
rauscular septum, betw'een the superficial and deep muscles in the poslei'ior 
tibio-fibular region. On either side it is connected to the margins of the tibia 
and fibula. Above, where it covers the Popliteus, it is tliuik and dtsnse, and 
receives an expansion from the lendon of the Seniiniembranosus ; it is tliinner 
in th('. middhi of the leg ; but below, where it covers the ttmdons passing 
beliiud the malleoli, it is thickened and <!ontinuous with the internal annular 
ligament. 

The Popliteus is a ibin, flat., Iriangular muscle, which forms the lower 
part of (b(^ floor of tin; j)oplit(!al s[)tice. It arises by a strong tendon about 
an inch in length, from a de|)rcssion at the anterior part of the popliteal groove 
on the outer sid<! of (he external condyh' of the femur, and to a small extent 
from the posteiior ligament of (be knee-joint; and is inserted into the inr>cr 
two-thirds of the triangular surface above the oblicjue line on tli<' ]josterior 
surface (jf the sliaft of llu‘ tibia, iind into tin* timdinous expansion covering 
the surface of the Tuiisclc. 

Relations.—Tlio tendon of the iniiKelc is c.ovi'i'cd hy tliat of tlic bicsiips and by the 
external lateral ligament of the knee-joint ; it grooves tlio posterior border of the (external 
Bemilunar tibro-eartilage, and is invested by tlie synovi.\l membrane of the kiicc-joint. 
The fascia covering the jiiusclc fi()paval.os it from the (lastrociicmius, Plaiitaris, popliteal 
vessels, and internal popliteal nerve. The decji snrfa.ee of the muscle is in eoatact with the 
posterior ligament of the knee-joint and tlje br-ck of (lie tibia. 

Tii(> Flexor longfUS hallucis is situated on tlic fibular side of the leg. It 
arises from tlw' lower tno-thuds of the posterior surface of tlic shaft ot the 
fibula, with the cxcc|)tion of an inch at its lowest ])art ; from the lower part 
of the. intero.sscous inombram' ; from an intermuscular septum between it 
and th(! IVronei. externally ; and from tin; fascia covering the ^I’ibialis jmsticus 
internally. Tlu^ fibres pass oblii|uely downwards and backwards, and terminate 
in a tendon which occnpi(‘s nearly the wliole length of the posterior surface 
of Lh(f muscle. This temdon lies in a groove which crosses the posterior 
surface of the lower end of the tibia, the postcM'ior surface of the astragalus, 
and tlm undc'r surface of the sustentaculum tali of the os oalcis ; in the sole 
of the foot it runs forwards between tfn^ two heads of the Flexor brevis 
hallucis, and is inserted irit.o the base of the Ifist phalanx of the great toe. 
The grooves on the. astragalus and os calcis, whioJi contain th(v tendon of the 
muscle, arc coTiyprt ed by tendinous fibres into distinct canals, lined by synovial 
membrane. As the tendon passes forwards in the sole of the. foot, it is 
situated above, and crosses, from without inwards, the tendon of the Flexor 
longus digitorum, to which ii- is connected by a tendinous slij). 

Relations.—The Flexor longus hallucis is in relation by its superficial surface with the 
Solens and tondo Achillis, from which it is separated hy the ileep transverse fascia ; by 
its deep surface, with the fibula. Tibialis posticus, the peroneal vessels, the lower part of 
the interosseous memhrainc, and the ankle-joint; by its outer border, with the Peronoi; by 
its inner border, with the Tibialis posticus and posterior tibial vessels and nerve. 

The Flexor longus digitorum is situated on the tibial side of the leg. At 
its origin it is thin arid pointed, but it gradually increases in size as it descends. 
It arises from tlie posterior surface of the shaft of the tibia, from immediately 
below the oblique line to within three inches of its lower extremity, internal 
to the tibial origin of the Tibialis posticus; it also arises from the fascia 
covering the Tibialis posticus. The-fibres terminate in a tendon, which 
nins nearly the whole length of the posterior surface of the muscle. This 
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Fig. 548.—Muscles of the back 
of the lef;. Beep layer. 


tendon passes behind the internal malleolus, in a groove, common to it and 
the Tibialis posticus, but separated from the latter by a fibrous septum, each 
tendon being contained in a special sheath lined by a separate synovial 

membrane. It passes obliquely forwards and 
outwards, superficial to the internal lateral liga¬ 
ment, into the sole of the foot (fig. 560), where 
it crosses the tendon of the Flexor longus 
hallucis,* lying on its plantar aspect and 
i“eceiving from it a strong tendinous slip. It 
tljcn becomes expanded and is joined by the 
Flexor aeecssorins, and finally divides into 
four tendons, which are inserted into the 
bases of the hist phalanges of the four lesser 
toes, each tendon passing through an opening 
in the corresponding tendon of the J^exor 
brevis fligitoriini opposite the base of the first 
phalanx. 


v - «» 

Inner 

[Condyle 


fpop iiyjf 






forwards and outwards to 
of the second, third, and fourth metatarsal bones. 


Relations. — Til the leg this mu.scle is in relation by 
its stiper/irial mir/nre with tlic posterior libial vessels 
iiml nerve, iirid the ileefi transverse fascia which 
sejiarates it from the Soleus ; hy its deep Miir/uee, with 
the tibia and Tibialis jiostieus. In the foot, it is 
covered hy the Abduclor hallucis and Flexor brevis 
digitorum, and ci'osses sujierlicial to the Flexor longus 
hallucis. 


The Tibialis posticus (m. tibialis jiosteiior) 
lies between the livo preceding muscles, and is 
tin* most deeply seated of all the muscles in the 
leg. It commences above by livo ])()iiited pro¬ 
cesses, siqiaratcd by an angular interval, through 
which tlic antt'rior tibial vessels ]>ass forwards 
to the front of the leg. It aristis from the wliolc 
of the posterior surface of the interosseous 
membrane, exeepting its lowest part ; from the 
outer {lortion of the posterior surfaet^ of the 
shaft of the tibia, between the commeneement 
of the oblique line above and the junction of 
the middle and lower thirds of the sliaft below; 
and from the uf>per two-thirds of the internal 
surface of the fibula; some fibres also arise 
from tlu' dee]) transverse, fascia, and from the 
intermuscular sefila separating it from the 
adjacent muscles on either side. In the lower 
fourth of the l(*g it passes in frpnt of the Flexor 
longus digitorum and terminates in a tendon, 
which lies in a groove behind the inner malleolus, 
with the tendon of that muscle, but enclosed 
in a separate sheath ; it then passes through 
another ■sheath, over the internal lateral liga¬ 
ment into the foot, and then beneath the 
inferior calcaneo-navieular ligament. The ten¬ 
don contains a sesamoid fibro-eartilage, as it 
runs under the inferior calcaneo-navieular 
ligament. It is inserted into the tuberosity of 
tile navicular bone, and gives off fibrous exjian- 
sions, one of which passes backwards to the 
sustentaculum tali of the os ealeis, others 
the three cuneiforms, the cuboid, and the bases 


* That is, in the order of dissection of the sole of the foot. 
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Relations.—The Tibialis posticus is in relation by its superficial surface with the 
Soleus, from which it is separated by the deep transverse fascia, the Plexor longus 
digitorum, the posterior tibial vessels and nerve, and the peroneal vessels; by its deep 
surface, with the interosseous ligament, the tibia, fibula, and ankle-joint. 

Nerves.—The Popliteus is supplied by the fourth and fifth lumbar, and first 
sacj al nerves, through the internal popliteal nerve; the Flexor longus digitorum and 
I'ibialis posticus by the fifth lumbar and first sacral, and the Flexor longus hallucis 
by the fifth lumbar, and the first and second sacral nerves, through the posterior 
tibial nerve. 

Actions.—The Popliteus as.sists in flexing the leg upon the thigh ; when the 
leg is flexed, it will lotutc the tibia inwards. It is especially called into action at 
the beginning of the act of bending the knee, inasmuch as it produces the 
slight inward rotation of tlu; tibia wliich is essential in tbe early stage of this 
inoveiiKint. The Tibialis posticus is a direct extensor of the foot at the ankle 
joint; acting in conjunction with the Tibialis antiens, it turns the sole of the foot 
inwards (i.e. inverts the foot). antagoiiLsing the Peronei, wliieh turn it outwards 
(evei't it). In the sole, of the foot the tondi'?i of the Tibialis po,sticus lies directly 
below the inferior ealeaneo-navicnlnr ligament, and is llierel'ore .an important 
factor in maintaining tlie arch of the foot. The Flexor longu.s digitorum and 
Flexor longus hallneis arc the; direct flexors of the ]ihalauges, and, eontinning 
their action, extend the foot upon the leg; they assist the Oastroenernius and 
Soleus in extending the foo+, as in the act of walking, or in standing on tiptoe. In 
eonse(|nence of the obli(|ue direction of the tendon of tin; Flexor longus digitonun. 
the toes would h(‘ drawn inwards, were it not tor the J<’lexor aoce.ssorins muscle, 
which is iiKserti'd into the outer side of its tendon, and draws it to the middle 
line of the foot during its action. Taking their fixed point from the foot, these 
miiseles serve to maintain the npiight jiostnro by steadying tlie tibia and fibula 
])erpendieulaily ufion the ankle-joint. They also serve to raise these bones from 
the oblique po.sition they assume in the stooping posture. 


7. Fibtdur region 

Peroriens longus. Poroneus brevis. 

The Peroneus longfus is situated at the upper part of the outer side of 
the leg, and is t,hc more superficial of the two muscles. It arises from the 
head and upper two-thiids of the outer surface of the shaft of tlio fibula, 
from the deeji surfaca* of the fascia, and from the intermuscular septa 
between it and th(' museles on tlie front and bm“k of the leg : occasionally 
also by a few fibres from tJie out(*i- tuberositj’^ of the tibia. BeUveen its attardi- 
nionts to the head and to the shaft of the fibula tlusre is a small area of bone 
from wJiicli no muscular ^ibrl^s arise;; here the ('xternal jiopliteal nerve jiasses 
bene^ath the muscle. It terminates in a long temdon, which runs behind the 
outer malleolus, in a groove common to it and the temdon of the Peroneus 
brevis, behind which it lies; the groove is converted into a canal by a 
fibrous band, and the tendons in it are invested by a common synovial 
mcmbi-ane. Tbe tendon then extends obliquely forwards across the outer side 
of the os calcis, below the peroneal tubercle, in a separat e fibrous sheath lined 
by a prolongation of the synovial membrane which lines the groove behind 
tlie malleolus. It crosses the outer side of the cuboid, and tlnm runs on the 
under surface of that bone in a groove, which is converted uito a canal by the 
long caleaneo-cuboid ligament and lined by a synovial membrane: the tendon 
then crosses the sole of the foot obliquely, and is inserted into the outer side 
of the base of the metatarsal bone of the great toe and the outer side of the 
internal cuneiform. Occasionally it sends a slip to the base of the second meta¬ 
tarsal bone. The tendon changes its direction at two points : first, behind 
the exUirnal malleolus; secondly, on the outer side of the cuboid bone; in 
both of these situations the tendon is thickened, and, in the latter, a sesamoid 
fibro-cartilage, or sometimes a bone, is usually developed in its substance. 

The Peroneus brevis lies under cover of the Peroneus longus, and is a 
shorter and smaller muscle. It arises from the lower two-thirds of the 
external surface of the shaft, of the fibula, internal to the Peroneus longus; 
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and from the intermuscular septa separating it from the adjacent muscles 
on tlie front and back part of th<5 leg. The fibres pass vertically downwards, 
and terminate in a tendun which runs in front of that of the preceding muscle, 
through the same groove beliind the external malleolus, in the same fibrous 
sheath, and lubricated by the same synovial membrane. It then passes through 
a separate sheath on the outer side of the os calcis, above that for the tendon 
of t he PeroneuB longus, the two tendons being here separated by the peroneal 
tubercle, and is finally instirb'd into the tuberosity at the ba.se of the 
metatarsal bone of the little tf»e, on its outer side. 

Nerves. —The Poronei longus et bre,vis are supplied by the fourth and fifth 
lumbar and first sacral Jierves tlirough the musculo-cutajicous branch of the 
external popliteal nerve. 

Actions. —The Pcjonci longus et brevis extend the. foot upon the leg, in 
conjuncti*)!! with flic Tibialis posticus, antagonisuig the Tibialis anticus and 
Pcroiieus t()rtiH.s, vhieh are flexors of Ihc foot. The Peroneiis longus also everts 
the sole of the foot, and fj’om the oblique direction of the tendon across the sole 
of the foot is an important agent in the iuaintenanc(! of th(! transvesrse arch. Taking 
flieir fixed points below, the Peroiiei serve to steady tlic leg upon the foot. This 
is especially the case in .standing u])on one h'.g, when the tendency of the super¬ 
incumbent weight is to throw the, h'g inwards : the Peroneus lougiis oveicoiue.s 
this Icndeney hy draw'ing on the outer side of the J('g. and thus maintains the 
perpendicular direction of the limb. 

Applied Anattmuj. —^Tlie student should now consider tlie position of the tendons of 
tlai various niusclcs of tlii' leg. tlnur relation ^^ith the iiiikUs-joint and suiTouiiding 1»1 o(kI- 
vessels, and especially their actions upon the foot, as their rigidity and contraction give 
rise to one or other of the, kinds of deformity known as duh joot. The most simple and 
common deformity, and one that is rarely, it ever, congenital, is tnlipen e</iiiiiiis. the. 
bool being raised by rigidity iin<l contraction of tlie (histrocnemius so that the patient 
w'alks iijam the hall of the foot, lii talifioi mrus, tlie foot is forcibly adducted and l.he 
imie,r side of t.lic sol(! raised, soiuctinu'.s to a rigid anch! with the ground, by the action 
of the Tibialcs anticus and posticus. Tn tnlipc.^ mUjm, the outer edge of llu: foot is 
raised by the I’erouei, and the ))ati(!tit walks on tlu! inner ankhf. fri Inlipeit ealcuneun 
the to«5S are raised by tin* Kxlensor muscles, the heel is depressed atwl the patient walks 
upon it. Other xaric'tics of dxdormity are met with, as tnlipen equinumnui, eipiinomlniin, 
and calcanenvalffiiH, whose names su'fficixintly iudic.ate their nature. Of these, talipes 
ecjxiinovarus is the most common congenital form ; the Imcl is raised by the tendo 
Aehillis, the inner Imrdcr of the foot drawn upwards l)y the Tibialis anticus, the anterior 
two-thirds tw’istcd inwards by the Tibialis posticus, and the arcli increased by the con¬ 
traction of the plantar fa.scia, so that tlie jiatient walks on the middle of the outt'.r border 
of the foot. Each of tlieso deformities may sometimes be successfully relieved bydixision 
of the oppwing tendons and fascia: by tliis means the foot regains its proper position, 
and tlie tendons heal by the organisation of lymph thrown out between the divided ends. 
The operation is ctisily jtcrformcil by putting the coiitraetod tendon upon the stretch, and 
dividing it by means of a narrow, sliarp-poinfed knife inserted beneath it. 

Rupture of a few of the fibres of the (laslrocnemius, or rupture of the Flantaris tendon, 
not uncommonly occurs, especially in men somewhat advanced in life, from some sudden 
exertion, and frcijucntly ticcurs during the game of lawm tennis, and is hence known as 
‘ lawn-tennis leg.’ The accident is aeeomjianicd by a sudden pain, tuid ])roduces a sensation 
as if the individual had lieen struck a violent blow on the part. The tendo Aehillis is 
also sometimes ruptured. It is stated that John Hunter ruptured his tendo .Aehillis xx'hile 
dancing, at the age of forty. 1’he bursa beneath the tendo Aehillis, between it and the 
posterior surface of the o,s calcis, sometimes becomes inllamed, ospooially in pedestrians 
and ‘ long-distance ’ walkers. Tt causes great and disabling pain, and entirely prevents 
tile suffcrei- from eoutinuing bis walk. 


IV. Mvsclms and Fascias ok tjie Foot 

The fibrous batuls, or thickened portions of the fascia of the log, which bind down the 
tendons in front of and iHihiiid the ankle in their passage to the foot, are termed the 
annular ligamcnti, and are three in number—anterior, internal and external. 

The anterior annular ligament (fig. 546) consists of a superior or trans¬ 
verse portion, whieli binds down the Extensor tendons a.s they descend on 
the front of the tibia and fibula ; and an inferior or Y-sbaped portion, which 
retains them in connection with the tarsus, the two portions being joined 
by a thin intervening layer of fascia. The transverse portion is attached 
externally to the lower end of the fibula and internally to the tibia ; above, 
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it is continuous with the fascia of the leg; it contains one synovial sheath 
for the tendon of the Tibialis anticus; the other tendons and the anterior 
tibial vessels and nerve pass beneath it, but without any synovial sheaths. 
The Y-shaped portion is placed in front of the ankle-joint, the stem of the Y 
being attached externally to the upper surface of the os calcis, in front of the 
depression for the interosseous ligament; it is directed inwards as a double 
layer, one lamina passing in front of, and the other behind, the tendons of the 
Peroneus tertius and Extensor longus digitorum. At the inner border of the 
latter tendon these two layers join together, forming a sheath in v'hich the 
tendons are enclosed, surrounded by a synovial membrane. From the iniu'r 
extremity ot this sheath the two limbs of the Y diverge : one is (huected 



synovial sneatn by a splitting _ _ 

limb extcMids downwards and inw'ards to be attached to the inner border of 
the plantar fascia, and jiasscs over the tendons of the Exiensor projjrius 
hallucis and 'ribialis anticus and also the vessels and nerves. "I’hese two temlons 
arc! contained in separate synovial sheaths situated beneath the ligament. 

The internal annular lig'amcnt is .a strong fibrous band, which extends 
from tbe internal malleolus above to (lie margin ol the os calcis bclon, 
converting a series of grooves in this situation into canals, for the passage of 
tbe tendons of the Flexor muscles and t he postcM-ior tibial vessels and nerve into 
tlie soil* of the foot. It 's continuous by its upper border with the dceji fascia 
of the leg, and by its lower border with the plantar fascia and the fibres of 
origin of the Abductor hallucis muscle. The four canals which it forms 
transmit., from n ithiu out wai'ds, the tendon of the 'Pibialis posticus ; the tendon 
of till' Flexor longus tligitorum ; tin* posterior tibial vessels and nerve, which 
run througli a broad space bc'juiath tin*ligament ; and la.stly, in a canal formed 
partly by the astragalus, tin, ((‘iidon of the Flexor longus hallucis. The canals 
for the tendons are lined by sejiaratc synovial membranes. 

Tin* external annular lig^anient ext(*ndafrom tin* extremity of tin; external 
malleolus to the outer surface of the os calcis : it binds down the tendons 
of tin*. I’eronei longus et brevis in their pa.ssage beneath the outer ankle. Tin* 
two tendons are ('ucloscd in one svnovial sheath. 


S. Dorsal Jlryinn (tig. 

Extensor brevis digitorum. 

The fascia on the dorsum of the foot (fascia dorsalis pedis) is a thin 
membranous layer, continuous above with the anterior margin of the lower 
jiart of the annular ligament ; on (*ither side it blends with the lateral portions 
if the plantar fascia ; anteriorly it forms a sheath for the tendons on the 
dorsum of the foot.. 

The Extensor brevis digitorum (fig. 540) is a broad, thin musck*, which 
arises from the fore part of the upper and outer surfaces of the os cah*is, in 
front of the groove lor the Peroneus brevis ; from the external calcaneo- 
astragaloid ligament ; and from the common limb of the Y-shaped portion 
of the anterior annular ligament. It passes obliquely across the dorsum of 
the foot, and terminates in four lemlous. The innermost, whiish is the largest, 
is inserteil into the dorsal surface of the base of the first phalanx of the great 
toe, crossing the dorsalis pedis artery ; the other three, into the outer sides 
of tlie long Extensor tendons of the second, third, and fourth toes. 

Nerves.—It i.s sujijilicd by the anterior tibial nerve. 

Actions.—The Extensor brevis digitorum extends the phalanges of the four 
inner toes, but in the great toe acts only on the first jihulaiix. The oblicpiity of 
its direction counteracts the oblique movement giA’^en to the toes by the long 
Extcihsor. so that Avhen both muscles act, the toes are evenly extended. 

9. Plantar Regioit 

The plantST fascia (aponeurosis plantaiis) is of great strength, and consists 
of pearly-white glistening fibres, disposed, for the most part, longitudinally: 
it is divided into a central and two lateral portions. 
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The central portion, the thickest, is narrow behind and attached to the 
inner tubercle of the os calcis, posterior to the origin of the Flexor brevis 
digitorum; and becoming broader and thinner in front, divides near the 
heads of the metatarsal bones into five processes, one for each of the toes. 
Each of these jjrocesses divides opposite tlie metatarso-phalangeal articulation 
into two strata, superficial and deep. Tlie superficial stratum is inserted 
into the skin of the transverse sulcus which s(^parates the toes from the sole. 
The deeper stratum divides into two slips which embrace the side of the Flexor 
tendons of the toes, and blend with the sheaths of the tendons, and laterally 
with the transverse metatarsal ligament, thus forming a sejies of arches 
through which the tendons of the short and long Flexors pass to the toes. 
The intervals left between the five processes allow the digital vessels and 
nerves, and the tendons of the Lumbricales to become superficial. At the 
point of division of the fascia, numerous transverse fibres (fasciculi trans- 
versi) are siiperadded, which serve to increase the strength of the fascia at 
this part by binding the processes togetJicr, and connecting them with the 
integurnenl. The central port ion of the plantar fascia is continuous with the 
lateral j^ortions at either side, and sends upwards into the foot, at the lines 
of junction, two sti’ong verticiil intermuscular septa, broader in front than 
behind, which separate the middle from the external and internal plantar group 
of muscles ; from these again are derived thinner transverse septa which 
scjtarate the various layers of muscles in this region. The upper surface of 
this fascia gives attaclimtuit. beliind to the Flexor brc.vis digitorum. • 

The lateral porliona of the* plantar fascia are thinner than tlu^ central piece, 
and cover the sides of the foot. 

The outer j}ortion covers tlie under surface of the Abductor minimi digiti ; 
it is thin in front and thick behind, where it forms a strong band between the 
outer tubercle of the os calcis and the base of the fifth ractataisal bone ; it 
is continuous internally with the middle portion of the plantsir fascia, and 
externally with the dorsal fascia. 

The inner portion is thin, and covers the under aspect of the Abductor 
halliKus ; it is attached behind to the internal annular ligament, and is 
continuous around the side of the foot with the dorsal fascia, and externally 
with the middle portion of the idantar fascia. 

The muscles in the plantar region of the foot may be divided into three 
groups, in a similar manner to those in the hand. Those of the internal plantar 
region are connccteid with the great toe, and correspond with those of the 
thumb ; those of the external plantar region are connected uith the little toe, 
and correspond with those of the little finger ; and those of the middle plantar 
region are connected with the tendons intervening betv'ccn the two former 
groups. Bui in onler to faculitate the description of these muscles, it will be 
fi)und more convenient to divide them into four layers, in the order in which 
they are successively exposcid. 


First Layer (fig. 549) 

Abductor hallucis. Flexor brevis digitorum. 

Abductor minimi digiti. 

The Abductor hallucis lies along the inner border of the foot and covers 
the origins of the plantar vessels and nerves. It arises from the inner tubercle 
on the under surface of the os calcis ; from the internal annular ligament; 
from the plantar fascia covering it; and from the intermuscular septum 
between it and the Flexor brevis digitorum. The fibres terminate in a tendon, 
which is inserted, together with the innermost tendon of the Flexor brevis 
hallucis, into the inner side of the base of the first phalanx of the gi‘eat toe. 

The Flexor brevis digitorum lies in the middle of the sole of the foot, 
immediately beneath * the central part of the plantar fascia, with Avhich it 
is firmly united. Its deep surface is separated from the external plantar 
vessels and nerves by a thin layer of fascia. It arises by a narrow tendinous 
process, from the inner tubercle of the os calcis, from the central part of the 

* That is, in the order oC dissection of the sole of the foot. 



MUSCLES AND FASCIiE OP THE FOOT 


589 


plantar fascia, and from the intermuscular septa between it and the adjacent 
muscles. It passes forwards, and divides into four tendons, one for each of 
the four outer toes. Opposite the bases of- tlie first phalanges, each tendon 
divides into two slips, to allow of the passage of the corresponding tendon of 
the Flexor longus digitorum ; the two portions of the tendon then unite and 
form a grooved channel for the reception of the accompanying long Flexor 
tendon. Finally, it divides a second time, to be inserted into the sides of 
the second phalanx about its middle. The mode of division of tlie tendons 
of the Flexor brevis digitorum, and of their insertion into tlie jjhalanges, is 
analogous to that of the tendons of 

the Fh'xor sublimis digitorum in the ^la. 549.—Muscles of the solo of the foot. 

First layer. 

Fibrous sheaths of the Flexor 
tendons. —These are not so well marked 
as in the fingiTS. The Flexor tendons 
of the toes as they run along the 
phalanges are retained against the bones 
by fibrous sheaths. Tliese slicaths are 
formed by strong fibrous bands, which 
arch across the tendons, andare att ached 
on each side to the margins of the 
])halanges. Opposite the middle of the 
proximal and seciond phalanges th<' 
slu’iath is very strong, and tlie fibres 
jiass transversely; but op]josit(‘ the 
joints it is much thinner, and the fibre's 
are dirc'ctcd oblifpu'ly. Each sheath is 
lined by a synovial nu'inbraiie, which 
is reflected on the contained tendon. 

The Abductor minimi digiti (m. 
abductor (piinti digiti) lies along the 
outer border of tlu' foot, and is in 
relation by its inner margin willi the 
('xternal plantar vessels and nerves. It 
arises, by a very broad origin, from the 
outer tubercle of llu^ os ealeis, from tlie 
under surfaee of the os ealeis between 
the two tubereles, from tlie fore part 
of tlie inner tubercle, from the jilantar 
fascia, and from the intermuscular 
He])tuin Ix'tweon it and tbe Flexor brevis 
digitorum. Its tendon, after gliding 
over a smooth fac'ct on tlie under sur¬ 
face of the base of the fifth metatarsal 
bone, is insert'd, with the short Flexor 
of the little toe^ into tlie outer side 
of the base of the first phalanx of 
this toe. 

Second Layer (fig. 550) 

Flexor accessorius. 

Lumbricales. 

The Flexor accessorius (m. quad¬ 
rats? plant®) is separated from the 
muscles of the first layer by the external plantar vessels and nerves. It 
arrises by two heads, which are separated from each other by the long plantar 
ligament: the inner or larger, whicli is muscular, is attached to the inner 
concave surface of the os ealeis, below the groove which lodges tlie tendon 
of the Flexor longus hallucis ; the outer head, flat and tendinous, to the outer 
border of the inferior surface of the os ealeis, in front of its lesser tubercle, and 
to the long plantar ligament. The tw’o portions join at an acute angle, and 
are inserted into the outer margin and upper and under surfaces of the tendon 
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of tlie Flexor longus digitorum, forming a kind of groove, in which the tendon 
is lodged.* 

The Lumbricales are four entail muscles, accessory to the tendons of the 
Flexor longus digitorum : they arise from the tendons of the long Flexor, as 
far back as their angles of division, each arising from tAV'o tendons, except 


Fio. 550.—^Muscles of the sole of the foot. Fig. 551.—^Muscles of tlie solo of the foot. 
Second layer. Third layer. 



the innermost. Each muscle ends in a tendon, wliich passes forwards on the 
inner side ot the four lesser toes, and is inserted into the (‘xpansion of the 
long Extensor tendon on the dorsum of the first phalanx of the corresponding 
toe. 

Third Layer (fig. 551) 

Flexor brevis haUucis. Adductor transversus hallucis. 

Adductor obliquus hallucis. Flexor brevis minimi digiti. 

The Flexor brevis hallucis arises, by a pointed tendinous process, from 
the inner part of the under surface of the cuboid bone, from the contiguous 

* Turner pointed out that the fibres of the Flexor accessorius end in aponeurotic bands, 
which contribute slips to the second, third, and fourth digits. 
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portion of the external cuneiform, and from the prolongation of the tendon 
of the Tibialis posticus which is attached to that bone. The muscle divides 
in front into two portions, which arc inserted into the inner and outer sides 
of the base of the first phalanx of the great toe, a sesamoid bone being developed 
in each tendon at its insertion. The inner portion of this muscle is blended 
with the Abductor hallucis previous to its insertion ; the outer with tlie 
Adductor obliquus hallucis ; the tendon of the Flexor longus hallucis lies in a 
groove between them. 

The Adductor obliquus hallucis is a laige, thick, fleshy mass, passing 
obliquely across the foot, and occupying the hollow space between the inner 
four metatarsal bones. It arises from the tarsal extremities of the se<“ond, 
third, and fourtli metatarsal bones, and from the slieath of Ihc tendon of the 
Peroneus longus, and is inserted, together with the outer portion of the; Flexor 
brevis hiillucis, into the outer side of the base of tlic first phalanx of the groat 
toe. 

The Adductor transversus hallucis {Trm^sversus pedin) is a narrow, flat, 
muscular faseieulus, stretched transversely across the heads of the metatarsal 
bones, between them and the Flexor tendons. It arises fi’om the inferior 
metata-rso-phalangeal ligairu'nls of the thiee outer toes, stinietimes only from 
the tliird and fourtli, and from the transverse ligament of tlic metatarsus. 
It is inserted into the outm- side of the bt se of the first phalanx of the great 
to(\ its fibrils being blmided with the tendon of insertion of the Adductor 
obli(|uus hallucis. 

The small muscles of the great toe, the Abductor. Flexor brevis, Adduclor 
obliquus, and Adductor transversus, like the similar museles of the thumb, 
give off, at their insertions, fibrous expansions to blend Mifh the long Extensor 
tendons. 

'I’he Flexor brevis minimi digiti (m. flexor brevis digit! quinti) lies on 
the metatarsal bone of the little toe, and much resembles one of the lnt«‘r- 
ossei. It arises fiom the base of the metatarsal bone of the little toe, and 
from the sluiath of the Peroneus longus ; its tendon is inserted into the base 
of the first phalanx of the little to<‘ on its outer side. Occasionally some of 
the deeper fibres of the mu.sele are inserted into the outer part of the distal 
half of th(; fifth metatarsal bone; these* are desel'ibed by some as a distiiud 
museh*, the O^iponens minimi digili. 


Fourth Layer (figs. 552, 553) 

Interosseu. 

The Interossei in the foot are similar to those in the hand, nith this 
exception, that they ans groiqeed around tlui middle line of the s(C07ul digit, 
instead of that of the third. They are st‘ven in number, and consist of two 
groups, dorsal and plantar. 

The Dorsal interossei (interossei dorsales) (fig. 552), four in number, ai-e 
situated bedween the metatarsal bones. T’liey aie bipenniform muscles, arising 
by two lu'uds front the adjaei'nt sides of the metatarsal bones betw een which they 
ai'e placuid ; their tendons ar(! inserted into the bases of the first phalanges, 
and into tlu^ aponeurosis of th(^ (fomrnon Extensor tendon. In the angular 
interval left bedAveen the heads of ea(di of the three outer muscles, one of the 
perforating arteries passes to the dorsum of the foot; through the space 
between the heads of the First interosseous muscle the communicating branch 
of the dorsalis pedis artery enters the sole of the foot. The First doi^al 
interosseous muscle is inserted into the inner side of the second toe ; the 
other three arc inserted into the outer sides of the second, third, and fomrth toes. 

The Plantar interossei (interossei plantares) (fig. 653), three in number, 
lie beneath rather than between the metatarsal bones, and each is connected 
w’ith but one metatarsal bone. They arise from the bases and inner sides of 
the shafts of the third, fourth, and fifth metatarsal bones, and are inserted 
into the inner sides of the bases of the first phalanges of the same toes, and 
into the aponeuroses of the common Extensor tendons. 

Nerves. —The Flexor brevis digitorura, the Flexor brevis and Abductor hallucis, 
and the innermost Lumbtical are supplied by the internal plantar nerve; all 
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the other musclcR in the sole of the foot by the' external plantar. The First dorsal 
interosseous muscle frequently receives an extra filament from the internal branch 
of the anterior tibial nerve on the dorsum of the foot, and the Second dorsal 
interosseous a twig from the external branch of the same nerve. 

Actions. —All the muscles of the foot act upon the toes, and in describing 
their action they may be grouped as Abductors, Adductors, Flexors, or Extensors. 
The dbductnrs are the Dorsal intero.ssei, the Abductor hallucis, and the Abductor 
minimi digiti. The Dorsal interossei are abductors from an imaginary line passing 
through the axis of the second toe, so that the first muscle draws the 8ect>nd toe 
inwards, tow'ards the gj-eat toe, the second muscle draws the same toe outwards, 
the third draws the third toe, and the fourth draws the fourth toe in the same* 
direction. Like the Interossei in the hand, each assists in flexing the proximal 
phalanx and extending the two terminal phalanges. The Abductor hallucis 
abducts the great toe from the others, and also flexes the proxijnal phalanx of 
this toe. In the saiiK! way the action of the Abductor minimi digiti is two 
fold, as an abductor of this toe from the others, and also as a flexor of its proximal 
phalanx. The aMwtom arc; the J’laritar interossei, the Adductor obli(iuns 


Fio. ,‘5,52.—^Thc Dorsal inlcroasei. 
Left foot. 


I'la. 653.—^Tlic Plantar interossei. 
Ijeft foot. 



hallucis, and the Adductor trausversus hallucis. The Plifhtar interosseous 
nuiscles adduct the third, fourtli, and fifth to(*,s towards the imaginary line 
passing through the seioiid toe, and by imviiis of their insertions into the 
aponeuroses ol the Extcnisor tendons they assist in flexing the proximal phalanges 
and ftxte.nding tlui middle and terminal phalanges. The Adductor obliquus hallucis 
is chiefly concerned in adducting the great toe towards the second one, but also 
assists in flexing this to<!. The Adductor trausversus hallucis approximates all 
the toes and thus iucreases the curve ol the transverse arch of the metatarsus. 
Tlie Jlexo-fs are the Flexor Im'vis digitorum, the Flexor accessorius, the Flexor 
brevis hallucis. the Fhixor brevis mitiimi digiti, and the Lumbricales. The 
Flexor brevis digitorum flexes the, second phalanges upon the first, and, 
continuing its action, flexes the first phalanges also, and brings the toes together. 
The Flexor acces-sorius assists the long Flexor of the toes and converts the oblique! 
pull of the tendons of that muscle itito a direct backward pull upon the toes. The 
Flexor brevis minimi digiti flexes the. little toe and draws its metatarsal bone down¬ 
wards and inwards. 'I'lie Lumlndcales, like the corresponding muscles in the 
hand, assist in flexing the proximal phalanges, and by their insertions into the long 
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Extensor tendons aid tliat muscle in straightening the middle and tenninal phalanges. 
The only muscle in the extethsor group is the Extensor breAUS digitorum. It extends 
the first phalanx t)f the great toe and assists the long Extensor in extending the 
next three toes, and at the same time gives to the toes an outward direction when 
they are extended. 

Surface /"orw.—The skin of the thigh, especially above in the hollow of the groin and 
on the inner side, is thin, smooth, and clastic, and contains few hairs, except in the ncigh- 
bonrhood of the pubes. Towards the outer side it becomes thicker, and the hairs are 
more numerous. TJio skin over the buttock is also fairly thick, with low sensibility and 
vascularity. As a rule, it is dcstitnUi of cons))iciiou8 hairs, except towards tho j)ost-anal 
furrow, where, in some males, an abundant development of hair is present. 'J’he skin 
over the front of the knee is covered by thickened ei>idormis ; it is lotwe and thrown into 
transverse wrinkles when the leg is extended: that of the leg is thin, especially on the 
inner skle, and covered with numerous large hairs. On the dorsum of the foot the skin 
is thin, loosely connected to subjacent ])ar(s, and contains few hairs. On tho solo, and 
especially tho Inxil, the e])idermis is of great thiekiusss, and here, as in the palm of tho 
hand, there are no hfdrs or soba<'oous follicles. 

Of the rau.sclcs of tlie’ thigh, thoscs of tlic anterior femoral region largely contribute 
to the surface form of this part of tho limb. T” o Tentor l'a.sciw /emi)ns j»roducos a broad 
elevation jiiuDfsdiately Iwlow the antesrior portion of the crest of the- ilium and hohind the 
anterior sii])erior spinous 2 >ro(!OMS. From its lover border, a longitiiditial groove, coiTO- 
spouding to theilio-tihial baud, extends to the outer side of tho knoo-joint. Tho SartoriiM, 
when it is brought into action by Hexing tlic leg on the! thigh, and the thigh on tlu! pelvis, 
and rotating the thigh outwiH'ils. ]>vescnts a well-marked surface form. At its upper 
part, where it constitutes the outer boundary of Scar))a’s triangle, it forms a prominent 
oblique ridge, wliic.b hceomes changed into a tlattonod plane below, and this gradually 
jiK'i'gfis in a general fulness on the iniuir side of the knee-joint. When the Sartorius is 
not in action, a depression exists hidwc'cn the Qaadrioeps extensor and tho Adductor 
niuscles. and extends obli(|uely downwards and iiiw'ards from the apex of Scarpa's triangle 
to the inner side of tlio knee. Tn tin' angle formed by tho clivergonco of tho Sartorius and 
Tensor fascia’ femoris muscles, just biilow the anterior superior sjiine of the ilium, the 
Uictnx ti-iiuiri.i muscle a.fiiiears, and. below this, detennines to a great extent the convex 
lonii of tlic front of the thigh.. In a well-developed subject, tho borders of the muscle, 
wIk-ii in action, can be l•lc.ilrly defined. 'Die I'ttsfi/s p.vtcrniis forms a long tlattcnoil plane 
on l.lic outer side of l.he thigh, f raverseil by the longil'Uilintil grooi e formed by the iliu-tihial 
band. 'Flic Vaslii/i ititcrniis, on the inner siile of the lower lialf of the thigh, gives rise to 
a considerable proniiiieiKie. which increases fowards the knee and terminates somewhat 
ahrujifly in this situation w'itli a full, curved outline. The (h'nre.us and Siibcrure.m are 
e<nn)ilctcly hidd(!n, and do not directly inllnenee surface form. The Adductm- mmcleti, 
coustiriiting the internal Icmoral grmij), cannot he dislinguishod from each other, with the 
c.\co))tion of flic iippi’r tendon of the Adduefor longiis and the lower tendon of the 
Addiutlor tnaguus. When the AfMiirlor Idwjus is in action its upjier tendon stands out 
as a prominent ridge, whicli runs ohlif(ucly downwards and outwards from Uie neighlsnir- 
liood of t-lie }>uhi(! spine, and forms the inner boundary of Scarpa’s triangle. The lower 
tendon of tlic \dd)ir.tiir maifinin can ho distinctly felt as a short ridge extending down to 
he adiinctor tul«irclo on the internal condyle, iKitween the Hartoriiis au<l Vastus iiiternus. 
The Adductor group of iniisclos (ills in the triangular a])ace at (he upper part of the thigh, 
Ixitweeu tho oblique femur and the jielvLs, and to them is duo tho contour of the,inner 
border of the thigh, the Gracilin largely contributing to tho smoothness of tho out.lino. 
'Fliese muscles are i^ot marked off on tlie surface from the hamstrings by any intermuscular 
dejiression ; bill, on the outer side of the tliigVi the latter are defined from the Vastus 
exteriiiis by a distinct marking, corresponding to the external intermuscular septum. 
'Die Gluteus niaximus, and the Gluteus medius in its upper part, are tho only muscles of the 
buttock which intlueiiee surface form. 'The lower part of tho Gluteus modius, tho Gluteus 
minimus, and the External rotators are comjilotely hidden. The Gluleus maximiis forms 
the full roundtHi outline of the buttock ; it is more prominent behind, compressed in 
front, and terminates at its tendinous insertion in a depression immediately behind tho 
great trochanter. Its lower border docs not coirespond to the gluteal fold, but is much 
more oblique, lieing marked by a line drawn from the side of the coccyx to tho junction 
of the upyier with the middle third of the thigh on tho outer side. . From lieneath the 
lower margin of this muscle the Hamstring muscles appear, at first narrow and not well 
marked, but, as they descend, they become more prominent, and eventually divide into 
t wo well-marked ridges formed by their tendons, which constitute the upper boundaries 
of the popliteal space. In tho upper part of the thigh these muscles cannot be individually 
distinguished from each other ; but low’er down, the separation between the Semi- 
tendinosuB and Semimembranosus is denoted by a slight intermuscular marking. 'The 
external hamstring tendon formed by the Biceps is seen as a thick cord running down to 
the head of the fibula. Tlie inner hamstring tendons comprise the Semitendinosus and the 
Semimembranosus. The Semitendinosus is the more internal, and can be felt, in oeitain 
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positions of the limb, as a sharp cord, while the Semimembranosus is thick. The OracUis 
is situated a little in front of them. 

The Tibialis anticv-s presents a fusiform enlargement at the outer side of the tibia, and 
projects beyond the crest of the shin bone. From the muscular mass, its tendon may be 
traced downward, standing out boldly, when the muscle is in action, on the front of the 
tibia and ankle-joint, and coursing down along the inner border of the foot to its insertion. 
The fleshy fibres of the Peroneus longws are strongly marked at the upper part of the outer 
side of the log, especially when the muscle is in action. It forms a bold swelling, separated 
by fuiTOWs from the Extensor longus digitomra in front and the Soleus behind. Below, 
the fleshy fibres terminate abruptly in a tendon which overlaps the more flattened form 
of the Peroneus brevis. Below the external malleolus the tendon of the Peroneus brevis 
is more marked than that of the Peroneus longus. On the dorsum of the foot the tendons 
emerging from beneath the anterior annular ligament spread out, and can be distinguished, 
as follows: the innermost and largest is the Tibialis anticus; the next is the Extensor 
proprius hallucis ; then the Extensor longus digitorum. dividing into four tendons to the 
four outer toes ; and lastly, the Peroneus tertius. The flattened form of the dorsum of 
the foot is relieved by the rounded outline of the fleshy belly of the Extensor brevis 
digitorum, which produces a fulness on the outer side of the tarsus in front of the external 
malleolus, and by the Dorsal interossoi, which bulge between the metatarsal bones. At 


Fi«. 554.—Fi’aoture of the neck of the femur within the capsular ligament. 
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the back of the knee is the popliteal space, bounded above by the tendons of the Hamstring 
muscles ; below, by the two heads of the Gastrocnemius. Below this space is the promi¬ 
nent fleshy ma.ss of the calf of the leg, producsed by the Oastrocn&nius and Soleus. When 
these muscles are in action, as in standing on tiptoe, the borders of the Gastrocnemius are 
well defined, presenting two curved lines, which converge to the tendon of insertion. Of 
these borders, the irmer is more prominent than the outer. I’he fleshy mass of the calf 
terminates somewhat abruptly below in the tendo Achillis, which stanris out prominently 
on the lower part of the back of the leg. It presents a somewhat tapering form in the 
upper three-fourths of its extent, but widens out slightly below. When the muscles of the 
calf are in action, tlfe lateral portions of the Soleus may be seen, formhig curved eminences, 
of which the outer is the longer, on either side of the Gastrocnemius. Behind the 
inner border of the lower part of the shaft of the tibia, a well-marked ridge, produced 
by the tendon of the Tibialis posticus, is visible when this muscle is in a state of 
contraction. 

On the sole of the foot the superficial layer of muscles influences surface form. The 
Abductor minimi digiti forms a narrow rounded elevation along the outer border of the 
foot, while the Abductor hallucis does the same, though to a loss extent, on the inner side. 
The Flexor brevis digitorum, bound down by the plantar fascia, is not very apparent; it 
produces a flattened form, and is covered by the thickened skin of the sole, which is here 
thrown into numerous wrinkles. 
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Applied Anatomy. —^I'he student should now consider the eifects produced by the 
action of the various muscles in fractures of the bones of the lower extremity. The more 
common forms of fracture are selected for illustration and description. 

In fracture of the neck of the femur internal to the capauUir ligament (iig. 6M), the 
characteristic signs are slight shortening of the limb:, and eversion of the foot, neither of 
which occurs, however, in some cases until some time after the injury. The eversion is 
caused by the weight of the limb rotating it outwards. The shortening is produced by the 
action of the Glutei, and by the Rectus femoris in front, and the Biceps, Semitendinosus 
and Semimembranosus behind. 

In fracture of the femur juat below the trochantera (fig. 555), the upper fragment is 
tilted forwards almost at right angles witli'the pelvis, by the Tlio-psoas ; and, at the same 
time, everted and drawn outwards by the external rotator muscles and Glutei, causing a 
marked prominence at the upper and outer side of the thigh, and much pain from the 
bruising and laceration of the muscle,s. The limb is shortened, because the lower 


Pin. 555.—Fracture of the 
fomur below the 
trochanters. 


Fio. .556.—Fracture of the 
femur above the condyles. 


Fio. 557.—Fracture of 
the patella. 
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fragment is drawn upwards by the Rectus in front, and 
the Biceps, Semimembranosus and Semitendinosus behind; 
it is, at the same time, everted. This fracture may bo 
reduced by relaxation of all the muscles involved, to 
cUect which the limb should be put up with the thigh flexed 
on the pelvis and the leg on the thigh. 

Oblique fracture of the femur immediately altove the 
condyles (fig. 5.56) is a formidable injury, and attended 
with considerable displacement. On examination df the 
limb, the lower fragment may lo felt deep in the popliteal 
space, l)eing drawn backwards by the Gastrocnemius, and 
upwards by the Hamstring and Rectus rauBoloa. The 
pointed end of the upper fragment is drawn inwards by the 
Pectineus and Adductor muscles, and tilted forw'ards by 
the Psoas and Iliacus. piercing the Rectus muscle, and occasionally the integument. 
Relaxation of the§c muscles, and direct approximation of the broken fragments, are 
effected by placing Sio limb on a double inclined plane. The greatest c.ire is requisite in 
keeping the pointed extremity of the upiier fragment in proper position; otherwise, 
after union of the fracture, the power of extension of the limb is partially destroyed, 
the Rectus muscle being held down by the fractured end of the bone, and tho patella, 
when elevated, being drawn upwards against the projecting fragment. 

In transverse fracture of the pateUa (fig. 567) the fragments are separated by the 
action of the Quadriceps extensor and by the effusion which takes place into the joint; 
tho extent of separation of the two fragments depending upon the degree of laceration of 
the ligamentous structures around the bone. 

In oblique fracture of the shaft of the tibia (fig. 568), if the fracture has taken place 
obliquely from above, downwards and forwards, the fragments ride over .one another, the 
lower fragment being drawn backwards and upwards by the powerful action of the 
muscles of the calf; the pointed extremity of the upper fragment projects forwards 
immediately beneath the integument, often protruding through it, and rendering the 
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fracture a compound one. If the direction of the fracture is the reverse of that shown in 
the figure, the pointed extremity of the lower fragment projects forwards, rising up on the 
lower end of the upper one. By bending the knee, which relaxes the opposing muscles, 
and making extension from the ankle and counter-extension at the knee, the fragments 
may >xs brought into apposition. It is sometimes necessary, however, in compound 


Fio. .5.58.-—Obliijuc fracture of 
the shaft of the tibia. 


Fig. 559.—Fraetuie of the fibula, with dislocation 
of the foot outwaids—‘ Pott’s fracture.’ 




friwtiire to remove a portion of the projecting bone with 
the saw before complete a<laptatiun can be elicctod. 

Fracture of the Jibuln with di/slomtion of the fool oiit- 
mirds (fig. .">.59). commonly known as ‘ T’ott’s fracture,' is 
one of the most frequent injuries in the region of the 
ankle-joint. The fibula is fractured alajut tliree inches 
above the ankle ; in addition to this the internal malleolus 
is broken otT, or the deltoid ligament torn through, and 
the astragalus displaced from the corresponding surface of 
the tibia. The foot is markedly everted, and the sharp 
edge of the upper end of the fractured malleolus presses strongly against the skin ; at the 
same time, the heel is drawn nj) by the mnseh'S of the calf. This injury can generally be 
reduced by flexing the leg at right angles with the thigh, wliicli relaxes all the opposing 
muscles, and by making extension from the ankle and eoiinter-extonsion at tlic knee. 
ITierc is later a great tendency for the foot to fall backwards at the ankle-joint, and 
constant supervision is required to countenvet this. 
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T he vascular system is divided for descriptive purposes into (a) the blood 
vascular system, whicli comprises tlic Jieart and blood-vessels for the 
(iiniulation of the blood ; and (w) the lymph vascular system, consisting of 
lymphatic glands and vessels, tlirough which a colourless fluid, the lymph, 
circulates. It must be noted, however, that the two systems (iommunicate 
with ea(jh other and are intimately associated developmentally. * 

The heart is the eentrjil organ of tlu* blood vascular systeni, and consists 
of a hollow muscle ; by its contraction tlv blood is pumped to all parts of tlie 
body through a corapli(!at«‘d series of tubes, termed arteries. The arteries 
undergo enormous ramification in their course throughout the body, and end 
in very minute vessels, called arterioles, wliich in their turn op(*n into a close- 
meshed network of microscoj)ic vessels, termed capillaries. After the blood has 
passed through the caijillaries it is collected into a series of larger vessels, 
(ialled veins, by which it is again leturried to the heart. The passage of the 
blood through th(^ heart and blood-vessels constitutes ^\hat is tiwined the 
circulation of the blood, of vOiieh the following is an outline.* 

The human heart is divided by a septum into right and left halv(“S, and 
each half is further divided into two cavities, an upper termed the auricle and 
a lower thc! ventricle. The heart therefore consists of foui‘ chambers, two, the 
right auricle and right ventricle, forming the right half, and two, the left 
auricle and left ventiicle, the left half. Thc auricles are receiving chanibers, 
and the ventricles distributing ones. The right half of the hcarl contains 
venous or impure blood ; the left, arterial or pure blood. From the cavity 
of the left ventricle the jnire blood is carried into a large artery, the aorta, 
through the numerous branches of which it is distributed to all parts of the 
body, with the exception of thc lungs. In its passage through the capillaries 
of the body the blood gives up to the tissues tlie materials necessary for their 
growth .and nourishment, a)ul at the same time receives from the tissues 
the waste products resulting from their metabolism. In doing so it becomes 
v-hanged from arterial into venous blood, which is colled ed by the veins and 
through them returned to the right amide of the heart. From this cavity 
the impure blood passes into the right ventricle, and is thence conveyed 
through the pulmonary arteries to the Imigs. In the capillaries of the lungs 
it again becomi* arterialised, and is then carried to the left auricle by the 
pulmonary veins. From the left auricle it passes into the left ventricle, from 
which the cycle once more begins. 

The course of the blood fj’om the left ventricle through thc body generally 
to the right side of the heart constitutes thc greater or systemic circulation, 
while its passage from the right ventricle through the lungs to the left side of 
the heart is termed the lesser or pulmonary circulation. 

It is necessary, however, to state that the blood which circulates through 
the spleen, pancreas, stomach, smiill intestine, and the greater part of the 
large intestine is not returned directly from these organs to the heart, but is 
collected into a large vein, termed the portal vein, by. which it is carried to the 
liver. In the liver this vein divides, after the manner of an artery, and ulti¬ 
mately ends in capillary vessels, from which the rootlets of a series of veins, 
called the hepatic veins, arise; these caiTy the blood into the inferior vena 
cava, whence it is conveyed to the right auricle. From tliis it will be seen that 

* The composition of the blood and the structure of the blood-vessels are described in the 
section on Histology. 
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the blood contained in the portal vein passes through two sets' of capillary 
vessels: (1) those in the spleen, pancreas, stomac^h, &c., and (2) those in 
the liver. 

Speaking generally, the arteries may be said to contain pure, and the 
veins impui’e, blood. This is true of the systemic, but not of the pulmonary 
vessels, since it has been seen that the impure blood is conveyed from the 
heart to the lungs by the pulmonaiy arteries, and the pure blood returned 
from the lungs to the heart by the pulmonary veins. Arteries, therefore, must 
be defined as vessels which convey blood frorn the heart, and veins aa vessels 
which return blood to the heart. 

The heart and lungs are situated in the thorax, the walls of which afl'ord 
them protection. The heart lies between the t\io lungs, and is enclosed 
within a membranous bag, the pericardium, while each lung is invested by a 
serous membrane, the pleura. The skeleton of the thorax, and the shape and 
boundaries of the cavity, have already been described (page 202). 

The cavity of the thorax. —The capacity of the cavity of the thorax 
does not coirespond with its apparent size externally, because (1) the space 
enclosed by the lower ribs is occupied by some of the abdominal viscera ; and 
(2) the cavity extends above the first rib into the ncek. The size of the thoracic! 
cavity is constantly varying during life with the movements of the ribs and 
Diaphragm, and with the degree of distension of the abdominal viscera. From 
the collapsed stat e of tlw* lungs as seen ivlien the thorax is opened in the dead 
l»ody, it would ajipcar as if the viscera only partly filled the cavity, but during 
life there is no vacant space, that which is seen after death being filled up by 
the expanded lungs. 

✓The upper opening of the thorax.- -The parts which pass through the 
upper opening of the thorax are, from before backwards in or near the middle 
line, the Stcrno-hyoi<l and Sterno-thyroid muscles, the remains of the thymus 
gland, the inferior thjToid vciins, the trachea, a‘Sophagus, thoracic duct, and 
the Longus colli muscles ; at the sides, the innominate artery, the left common 
carotid and left subclavian arteries, the internal mammary and superior inter¬ 
costal arteries, the innominate veins, tJie pneumogastric, cardiac, phrenic, and 
sympathetic jierves, tin* greater jjart of the anterior primary divisions of the 
first thoracic nerves, and the recurrent laryngeal nerve of the left side. The 
apex of each lung, covered by the ])l('ura, also ijrojcicls through this aperture, 
a little above the level of the anterior end of the first rib. 

The lower opening of the thorax is wid(!r transversely than from before 
backwards. It slopes obliquely downwards and backAvards, so that the 
thoracic cavity is much deeper behind than in front. The Diajihragm (sec 
page 501) closes the opening and forms the floor of the thorax. The floor is 
flatter at the centre than at, the; sides, and higher on the I'ight side than on the 
left; in the dead body the right .side reaches the level of the upper border of 
the fifth costal cartilage, while the left extends only to the corresponding part 
of the sixth costal cartilage. From the highest point on each side the floor 
slopes suddenly downwards to the eosf al and vertebral attachments of the 
Diaphragm ; tliis slope is more marked behind than in fropt, so that only a 
narrow space is left betAveen tho Diaphragm and the posterior Avail of the 
thorax. 

'1’he Pi^^rOAnMUM 

The Pericardium {fig. 560) is a conical fibro-serous sac, in Avhich the heart 
and the roots of the groat vessels arc contained. It is placed behind the 
sternum and the cartilages of the third, fourth, fifth, sixtli, and seventh ribs 
of the. left side, in the interval between the pleurae. 

In /roni, it is separated from the anterior AA’aU'of the thorax, in the greater 
part of its extent, the lungs and plcurai; but a small area, somewhat 
A'ariable in size, imd usually comisponding Avith the left half of the lower 
portion of the gladiolus of the sternum and the inner extremities of the 
caitilages of the fourtli and fifth ribs of the left side, comes into direct relation¬ 
ship with the chest-Avall. The lower extremity of the thymus, gland, in the 
child, is in contact with the front of the upper part of the pericardium. 
Behind, it rests upon the bronchi, the oesophagus, and the descending thoracic 
aorta. Laterally, it is covered by the pleur®, and is in relation with the inner 
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Burfaees of the lungs; the phrenic nerve, with its accompanying vessels, 
descends between the pericardium and pleura on either side. 

Structure of the Pericardium. —Although the pericardium is usually 
described as a single sac, an examination of its structure shows that it 
consists essentially of two sacs intimately connected with one another, but 
totally different in structure. The outer sac, known as the fibrous •pericardium, 
consists of fibrous tissue. The inner sac, or serous pericardium, is composed of 
a delicate membrane which lies within the fibrous sac and lines its walls ; the 
heart invaginates the wall of the serous sac from above and behind, and 
practically obliterates its cavity, the space being a potential one, except in 
front, where a small interspace exists below the a])ex of the heart. 


Fi(i. 560.—Posterior wall of the pericardial sac, showing the lines of reflection 
of the serous pericardium on tho great vessels. 
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The fibrous pericardium forms a flask-shaped bag, the neck of which is 
closed by its fusion with the external coats of the great vessels, while its base 
is attached to the central tendon and to the muscular fibres of the left side of 
the Diaphragm. In some of the lower mammals the base is either completely 
separated from the Diaphragm or joined to it by some loose areolar tissue ; in 
man much of its diaphragmatic attachment consists of loose fibrous tissue 
which can be readily broken down, but over a small area the central tendon 
of the Diaphragm and the pericardium are completely fused. Above, the 
fibrous pericardium not only blends with the external coats of the great 
vessels, but is continuous with the pretracheal layer of the deep cervical fascia. 
By means of these upper and lower connections it is secm’ely anchored within 
the thoracic cavity. It is also attached to the posterior surface of the sternum 
by two fibrous bands, the superior and inferior sterno-pericardiac ligaments 
(ligg. stemopericardiaca); the upper passing to the manubrium, and the 
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lower to the ensiform cartilage. On either side of the ascending aorta it sends 
upwards a diverticulum : the one on the left side, somewhat conical in shape, 
passes upwards and outwards, between the arch of the aorta and the pulmonary 
artery, as far as the obliterated ductus arteriosus, where it terminates in a 
csecal extremity wliich is attached by loose connective tissue to the obliterated 
duct. TJie one on the right side passes upwards and to the right, between 
the ascending aorta and vena cava superior, and also terminates in a blind 
extremity. 

The vessels receiving fibrous pi’olongations from tliis membrane are, the 
aorta, the superior vena c*ava, tlie right and left pulmonary arteries, the four 
pulmonary veins, and tJie obliterated duetus arteriosus. The inferior vena 
cava enters the pericardium through the central tendon of the Diaplu’agm, 
and receives no covering from tbc fibrous layer. 

The serous pericardium is, as already stated, a closed sac which lines the 
fibrous pericardium and is invaginated by the heart; it therefore consists of 
a visceral and a parietal portion. The visceral portion, or cpicardium, oovei’s 
tlie heart and the great vessels, and from the latter is continuous with the 
parietal layer which lines <lie fibrous pericardium. The portion wliich covers 
tlie vessels is an-anged in the form of two tubes. The aorta and pulmonary 
artery arc enclosed in one tube, the arterial mesocardium. The superior and 
inferior venal cavae and the four jnilinonary veins arc enclosed in a second 
tube, tin* venous mesocardium, the attachment, of which to the parietal layer 
presents the shape of an inverted U. The cul-de-sac enclosed between the limbs 
of the n is known as the oblique sinus, while the passage betw'cen the l enous 
and arterial mesocardia—i.e. between the aorta and pulmonaiy artery in 
front and the auricles behind—is termed the transverse sinus (sinus traiis- 
versus pericardii). The serous pericardium is smooth and glistening, and 
.secretes a serous fluid, which serves to facilitate the movements of the. heart. 

Tlie vestigial fold of the pericardium. — Between the left pulmonary 
artery and subjacent pulmonary \’cin is a triangular fold of the serou.s peri¬ 
cardium ; it is known as the vestigial fold of Marshall. It is formed by the 
duplicature of the serous layer over the remnant of the low'cr jiart of the left 
superior vena cava (duct of (Jnvier), w'hich becomes obliterated after birth, 
and remains as a fibrous band stretching from the left sujierior intercostal 
vein to the left auricle, where it is.continuous with a small vein, the oblique 
vein of Marshall, which opens into the coronary sinus. 

The arteries of the pericardium arc derived from the internal mammary and its 
musculo-phrenic branch, and from the descending thoracic aorta. 

The nerves of the pericardium are derived from the pneumogastries, the 
phrcnics, and the sympathetic. 

Applied Analutny. —^1'heefiuBion of fluid into the pericardial sac often occurs in acute rheu¬ 
matism or pneumonia, or in patients with chronic vascular and renal disease, embarrassing 
the heart’s action and giving rise to signs of cardiac distress, such as pallor, a ru}>id and feeble 
pulse, dyspnoea, and restlessness. On examination, the apical cardiac impulse is absent, 
or replaced by a more extensive indefinite and wavering pulsation ; it may appear to be 
in the second, third, or fourth left space, and is then not an ajicx-impulse, as Potain has 
stated, but due to the impact of some portion of the heart-wall nearer its base. In children 
the prwcordial intercostal spaces may bulge outwards. The most striking sign, however, 
is the great increase in all directions of the pr.-ecordial dulness on percussion. This becomes 
pear-shapod, the stalk of the pear reaching u]) to alx>ut the left sterno-clavicular articu¬ 
lation : the dulness also extends some distance to the right of the sternum, particularly 
in the fifth interspace (Roteh).- The fluid collects mainly on either side of the heart, and 
below it, esiKscially on the left side, where the Diaphragm can yield more readily to pressure 
than it can on the right. Ewart has drawn attention to the presence of a square patch of 
dulness over the base of the left lung behind, reaching up to the level of the ninth or tenth 
rib, and extending outwards as far as the lower angle of the scapula ; the underlying lung- 
tissue gives the physical signs of compression or collapse. 

Paracentesis of the pericardium is often required to relieve the urgent cardiac or 
respiratory distress in these cases, and should be performed w ithout hesitation and before 
the patient is in extremis. It may also bo required when the pericardium is filled with 
blood or pus, and as it is advisable to perform this operation without transfixing the 
pleura, the puncture should bo made either in the fifth or sixth intercostal space on the 
left side and close to the sternum, so as to avoid wounding the internal mammary artery, 
which descends about half an inch from the sternal margin; or the needle may Imj enter^ 
at the left oosto-xiphoid angle and made to pass upwards and backwards behind the lower 
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end of the body of the sternum into the pericardial sac. Curschmann,* however, argues 
that the heart itself necessarily lies almost in contact with the anterior wall of the thorax 
even in cases of the largest pericardial effusion, so that there is risk of piercing it if the 
puncture is made in the fourth or fifth loft intercostal space within even so much as two 
or three inches of the sternal margin. He therefore advises that in moderately large jjeri- 
cardial effusions the trochar should be inserted in the left mamillary line, and outside 
it if the effusion is very large, in the fifth or sixth interspace. In consequence of the 
uncertain and varying position of the anterior reflexion of the pleura, transfixion of the 
pleural sac cannot always be avoided. Pericardit^omy is required when the effusion is 
of a purulent nature. In this operation a portion of the fifth or sixth costal cartilage is 
excised. An incision is mode along the left border of the sternum from the upjwr border 
of the fourth cartilage to the seventh. Transverse incisions an inch long arc then made 
outwards from cither extremity of this, and the rectangular flap thus formed reflected 
outwards. The fifth costal cartilage is now separated from the sternum by means of a 
gouge, great care being taken not to let the instrument slip and penetrate too deeply. 
The cartilage is then seked with lion forceps and raised, the tissues beneath it being 
peeled off, so as to avoid wounding the internal mammary artery or the jjleura. The 
Triangularis sterni is nou scratched through, with a director or the nail of the index linger, 
close to the sternum, and the pericardium felt for and opened, the finger guarding the 
pltfura and left internal mammary artery. 

The Hevkt 

The Heart (cor) is a hollow muscular organ of a somewhat conical form ; 
it lies between the lungs in the middle mediaslinura and is enclosed in the 
pericardium. 

Fig. 561. — (Showing relations of oj)cnod licart to front of chest. 



A.O. Aorta. At’. Anterior jiapiUary iiiusclo. In, Iiiiioniuiatc artery. Inf. Iiiiiiudibular soguuml iil triouispid valve, 
liOC. Left ooinmoii carotid artery.' LS. liofl Hubclavian artery. IiV. lasft vontriolc. I’A. J’ulraonary artery. 
ItA. liight nurifilo. nv. Itiglit ventricle. V.S. A'entricnlar septum. 

Position (fig. 661).—It is placed obli<juely in the chest behind the 
gladiolus-and adjoining parts of the rib cartilages, and projects fartlior into 
the left than into the right half of the thoracic cavity, so that about onc- 

• I'herapie der Ovgenwarf, 1!)05. 
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third of it is situated on the right and. two-thirds on the left of the mesial 
plane. 

Size< —The heart, in the adult, measures about five inches in length, three 
inches and a half in breadth at the broadest part, and two inches and a half 
in thickness. Its weight, in the male, varies from ten to twelve ounces; in 
the female, from eight to ten ; the proportions to the body-weight being as 
1 to 169 in males ; 1 to 149 in females. The heart continues to increase in 
weight and size up to an advanced period of life : this increase is more marked 
in men than in women. 

Component Parts. —As has already been stated (page 697), the heart is 
subdivided by a septum into right and left halves, and a transverse constriction 
subdivides each half of the organ into two cavities, the upper cavity being 
called the auricle, the lower the ventricle. The heart therefore consists of 


Pio. 562.—Base and postero-inferior surface of heart. 
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four chambers, viz. right and left auricles, and right and left ventricles. 
The course of the blood through the heart cavities and blood-vessels has 
already been described (page 597). 

The division of the heart into four cavities is indicated on its surface' by 
grooves. The auricles are separated from the ventricles by the auriculo- 
ventriculnr groove (sulcus coronarius). It contains the trunks of the nutrient 
vessels of the heart, and is deficient in front, where it is crossed by the root of 
the pulmonary artery. The interatiricidar groove, separating the two auricles, 
is scarcely marked on the posterior surface, while anteriorly it is hidden by 
the pulmonary artery and aorta. The ventricles are separated by two grooves, 
tlio interventricular grooves, one of which (sulcus longitudinalis anterior) is 
situated on the antero-superior surface close to the left margin of the heart', 
the other (sulcus longitudinalis posterior) on the postero-inferior surface near 
the right margin; these grooves extend from the base of the ventricular 
portion to a point a little to the right of the apex of the heart. 
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The base (basis cordis) (fig. 662), directed upwards, backwards, and to the 
right, is separated from the fifth, sixth, seventh, and eighth thoracic vertebrae 
by the oesophagus, aorta, and thoracic duct. It is formed mainly by the left 
auricle, an<f, to a small extent, by the back part of the right auricle. Some¬ 
what quadrilateral in form, it is in relation above with the bifurcation of the 
pulmonary artery, and is bounded below by the posterior part of the aunculo- 
ventricular sulcus, containing the coronary sinus. On the right it is limited 
by the sulcus torminalis of the right auricle, and on the left by the vestigial 
fold and oblique vein of Marshall. The four pulmonary veins, two on either 
side, open into the left auricle, whilst the superior vena cava opens into the 
upper, and the inferior vena cava into the lower, part of the right auricle. 

The apex (apex cordis) is directed downwards, fomards, and to the left, 
and is overlapped by the left lung and pleura: it lies behind the fifth left 
intercostal space, three and a half inches from the mid-stemal line, or about 
an inch an(^ half below and three-quarters of an inch to the inner side of the 
left nipple. 

Fig. 563.—Antero-superior surface of heart. 
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The antero-mpetiur surface (faijics stcrnocostalis) (fig. .“lOS) is directed 
forwards, upwards, and to the left. Its lower part is convex, formed chiefly 
by the right venl^riclc, and is traversed near its left margin by the anterior 
interventricular furrow. Its upper part is separated from the lower by the 
auriculo-ventricular groove ; it is formed by the auricles, and presents a deep 
concavity (tig. 66G), occupied by the ascending aorta and the pulmonai-y 
artery. 

The postero-inferior surface (facies diaphragmatica) (fig. 562), which looks 
downwards and slightly backwards, is formed by the ventricles, and rests 
upon the central tendon and a small part of the left muscular portion of 
the Diaphragm. It is separated from the base by the posterior part of the 
auriculo-ventricular furrow, and is traversed obliquely by the posterior inter¬ 
ventricular groove. 

The right margin of the heart is long, and is fomied by the right auricle 
above and the right ventricle below. The auricular portion is almost vertical, 
and is situated behind the third, fourth, and fifth right costal cartilages about 
half an inch from the margin of the sternum. The ventricular portion, thin 
and sharp, is named the margo acutus ; it is nearly horizontal, and extends from 
the sternal end of the sixth right costal cartilage behind the lower end of the 
gladiolus to the apex of the heart. 
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The left margin, or margo obtusus, is short, t7rifeVJ“'2utu'rounded : it is 
formed mainly by the left ventricle, but to a slight extent, above, by the left 
auricle. It extends from a point in the second left intercostal space, about an 
inch from the sternal margin, obliquely downwards, with a convexity to the 
left, to the apex of the heart. 

The Rig'ht Auricle {atrium dextrum) is the larger of the two auricles, 
although its walls are somewhat thinner than those of the left, measuring 
about 2 mm. ; its cavity is capable of containing about tw’o ounces. It 
consists of tw'o parts ; a'principal cavity, or sinus venosus (sinus venarum), 
situated posteriorly, and an anterior, .smaller i)ortion, the appendix auriculae. 

The sinus venosus is the large quadrangular cavity placed between the two 
vena? cava?. Its walls, wliioli are extremely thin, arc connected below with the 
right ventricle, and internally with the left auricle, but are free in the rest of 
their extent. 

The appendix auriculae, so called from its fancied rcscmljlanqg to a dog’s 
ear, is a small conical muscular pouch, the margins of which present a dentated 
edge. It projects from the sinus forwards and towards tlic left side, t)ver- 
lapping the rot)t of the aorta. 

The separation of the appendix from the sinus venosus is indicated 
externally by a groove, the sulcus termivalis (His), which extends from the front 
of the superior vena cava to the front of the inferior vena cava, and repre¬ 
sents the line of union of the sinus venosus of tlie embryo w'ith the primitive 
auricle. On the inner wall of the auricle the separation is marked by a vertical, 
smooth, muscular ridge, the crista terminalis (His). Behind the crista the 
internal surface of the atiriclc is smooth. A\hile in front of it the muscular fibres 
of the wall are raised into parallel ridges resembling the teeth of a comb, and 
hence named the nntsculi pextinati. 

Its interior (fig. 564) presents the following parts for examination : 

(nor vena cava. 

I Inferior' vena cava. 

Openings j Coronary sinus. 1 Eustachian. 

Foramina ’Wiebesji.‘ rC’. -.., ^ ‘ ( Thebesian. 

Auriculo-ventricular. ^ - 

Fossa ovalis. • s, J 

VjVoftulus ovalis. n u 
T ubercle of Lower. ■' c'" 

Musculi pectinati. 

Crista terminalis. 

The superior vena cava returns the: blood from the upper half of the body, 
and opens into the upper and back part of the aui'iele, the direction of its 
orifice being dow'nwards and forwards. Its opening has no valve. 

The inferior vena cava, larger than the superior, returns the blood from 
the lower half of the body, and opens into the low'cst pai't of the auricle, near 
the interauricular septum, its orifice being directed upwards and inwards, and 
guarded by a rudimentary valve, the Eustachian valve. The blood which enters 
the auricle through the supcrioi' vena cava is directed dow'mvards and 
forwards, i.c. towards the auriculo-ventricular orifice, w'hilst that entering it 
through the inferior vena cava is directed upwards and backw'ards tow^ards 
the interauricular septum. This is the normal direction of the two currents 
in hetal life. 

The coronary sinus opens into the auricle, between the inferior vena cava 
and the auriculo-ventricular opening. It returns blood from the substance 
of the heart, and is protected by a semicircular valve, the coronary valve, or 
valve of Thebesivs. 

The foramina Thebesii (foramina venarum minimarum) arc depressions 
in tjm walls of the auricle : the majority of these are culs-de-sac, but about 
one-third are the orifices of minute veins {venae minimae cordis), which return 
blood directly from the muscular substance of the heart. 

The auriculo-ventricular opening is the large ov^al aperture of communica¬ 
tion between the auricle and tlie ventricle ; it will be described with the right 
ventricle. 
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The venae cavae inferioris) is situated in front of 

the orifice of the inferior vena cava. It is semilunar in form, its convex mar^n 
being attached to the anterior margin of the caval orifice : its concave margin, 
which is free, terminates in two cornua, of which the left is continuous -with 
the anterior edge of the annulus ovalis wliile the right is lost on the wall 
of tl>e auricle. The valve is formed by a duplicature of the lining membrane 
of the auricle, containing a few' muscular fibres. In the foetus this valve is of 
large size, and serves to direct the blood from the inferior vena cava, through 
the foramen ovale, into the left auricle. In the, adult it occasionally persists, 
and may assist in preventing the reflux of blood into the inferior vena cava ; 
more commonly it is small, and may present a cribriform or filamentous 
appearance ; sometimes it is altogether wanting. 

The Th^tsian valve, (valvula sinus coronarii) is a semicircular fold of the 
lining membrane of the auricle, at the orifice of the coronary sinus. It 
prevents the regurgitation of blood into the sinus during the contraction 
of the auricle. This valve may be double. 

Fig. 564.—The right auricle and ventricle laid open, the anterior walls 
of both having been removed. 



oprmntf 

The fossa ovalis is an oval depres.sion on the posterior wall of the auricle, 
and corresponds to the situation of the foramen ovale in the foetus. It is 
situated at the low'er part of the auricular septum, above and to the left of the 
orifice of the inferior vena cava. 

The annulus ovalis (limbus fossae ovalis) is the prominent oval margin of 
the fossa ovalis. It is most distinct above and at the sides of the fossa ; below, 
it is deficient. A small slit-like valvular opening is occasionally found, at the 
upper margin of the fossa ovalis, leading upwards, beneath the annulus, into 
the left auricle ; it is the remains of the foetal aperture between the two 
auricles. 

The tuherde. of Lower (tuberculum intervenosum) is a small projection 
on the posterior w'all of the auricle, above the fossa ovalis. It is distinct in the 
hearts of quadrupeds, but in man is scarcely visible. It w as supposed by Lower 
to direct the blood from the superior vena cava towanls the auriculo-ventricular 
opening. 
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The Right Ventricle (vontriculus dexter) m form, and 

extends from the right auricle to near the apex of the heart. Its antcro- 
superior surface is rounded and convex, and forms the larger part of the front 
of the heart. Its under surface is flattened, rests upon the Diaphragm, and 
forms a small part of the postero-inferior surface of the heart. Its posterior 
wall is fetrmed by the septum between the two ventricles, the septum ventri- 
CMlormn, wliich bulges into the right ventricle, so that a transverse section 
of the cavity presents a semilunar outline. Its iipper and inner angle forms 
a conical pouch, the •infundibulum, or conm arteriosus, from which the 
pulmonary artery arises. A tendinous band, which may be named the tendon 
of the conus arteriosus, extends ujwards from the right auriculo-ventricular 
fibrous ring and connects the postei’ior surface of the conus arteriosus to the 
aorta. The wall of the riglit ventricle is thinner than that of the left, the 
proportion between tbem being as 1 to 3; it is tluckest at the base, and 
gradually becomes thinner towards the apex. The cavity equals in size that 
of the left ventricle, and is capable of containing about three fluid ounces. 

Its interior (fig. 564) presents the following parts for examination : 


Openings 


I Right auriculo-ventricular. 
I Pulmonary artery. 


Columnse camese. 


Valves 


Tricuspid. 

Pulmonary. 


Chordae tendineae. 


The right auriculo-ventricular orifice is the lai'ge oval aperture of com¬ 
munication betu'cen the right auricle and ventricle. Situated at the base of 
the ventricle, it measures about an inch and a half in diameter, and is 
suiTounded by a fibrous ring, covered by the lining inerabrane of the heart; it 
is considerably larger than the corresponding aperture on tl)e left side, being 
sufficient to admit the ends of four fingers. It is guarded by the tricuspid 
valve. 

The opening of the pulmonary artery is circular it) form, and situated at 
the summit of the conus arteriosus, close to the septum vontriculorum. It is 

placed above and to the left of 
the auriculo-ventricular open¬ 
ing, and is guarded by the 
pulmonary valved. 

The tricuspid valve (valvula 
tricuspidalis) (figs. 564, 565) 
consists of three somewhat 
triangular cusps or segments. 
The largest cusp is interposed 
between the auriculo-ventri- 
eular orifice and the infundi¬ 
bulum, and is termed the in¬ 
fundibular cusp. A second, the 
marginal cusp, is in relation 
to the right margin of the ven¬ 
tricle, arid a'third, the septal 
cusp, to the interventricular 
septum. They are formed by 
duplicaturcs of the lining mem¬ 
brane of the heart, strengthened 
by intervening layers of fibrous 
tissue : their central parts are 
tliick and strong, their marginal portions thin and translucent, and in the 
angles between the latter small intermediate segments are sometimes seen. 
Their bases are attached to a fibrous ring surrounding the auriculo-ventricular 
orifice and are also joined to each other so as to form a continuous annular 
membrane, while their apices project into the ventricular cavity. Their 
auricular surfaces, directed towards the blood current from the auricle, are 
smooth ; their ventricular surfaces, directed towards the wall of the ventricle, 
are rough and irregular and, together with the apices and margins of the 
cusps, give attachment to a number of delicate tendinous cords, the chordtB 
tendinece. 
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The columnae earned (trahpaul^ rm-rnaan) are rounded or irregular muscular 
columns which project from the whole of the inner surface of the ventricle, with 
the exception of the conus arteriosus. They are of three kinds : some are 
attached along their entire length on one side and merely form x>roniineiit 
ridges, others are fixed at their extremities but free in the middle, while a 
thM' set (muscuU papillarea) are continuous by their bases with the wall of the 
ventricle, while their apices give origin to the chordae tendineae which pass to 
be attached to tho segments of the tricuspid valve. There are two papillary 
muscles, anterior and posterior : of these, the anterior is the larger, and its 
chordae tendineae are connected with the marginal and infundibular cusps of the 
valve ; the posterior sometimes consists of two or three muscular columns ; its 
chordae tendineae are connected with the septal and marginal segments. In 
addition to those, some chordae tendineae spring directly from the ventricular 
septum, or from small papillary eminences on it, and pass to the septal and 
infundibular segments. A fleshy band, well marked in sheep and some other 
animals, frequently extends from the base of the anterior papillary muscle 
to the interventricular septum. Prom its attachments it may assist in 


Fig. 566.—Heart seen from above. 
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preventing over-disUmsion of tho ventricle, and so has been named the 
moderator hand. 

The pvlmonary valve (fig. 666) (insists of three semilunar segments (valvul* 
semilunares a. piilmonalis), two in front and one behind, formed by a dupli- 
cature of the lining membrane, strengthened by fibrous tissue. They are 
attached, by their outer convex margins, to the wall of the artery, at its 
junction with tho ventricle, their inner borders being free and directed upwards 
into the lumen of the vessel. The free and attached margins of each are 
strengthened by tendinous fibres, and the former presents, at its middle, a 
small projecting thickened nodule, called the corpus Arantii (nudulus valvulse 
semilunaris). From this nodule tendinous fibres radiate through the segment 
to its attached margin, but are absent from two narrow crescentic portions, 
the lunulce (lunul* valvularum semilunarum), placed one on either side of the 
nodule immediately adjoining the free margin. 

Between the semilunar segments and the wall of the pulmonary artery 
are tliree pouches or dilatations, .the sinuses of ValsalW.' Similar but larger 
sinuses exist between the semilunar segments of the aortic valve and the 
wall of the aorta. 
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The Left Auricle (atrium sinistrum) is ratJier smaller than the light, 
but its walls are tliicker, measuring about 3 mm. ; it consists, like the right, 
of t wo parts, a prin^ijtal cavity and an appendix auriculae. 

The principal cavity is cuboidal in form, and concealed, in front, by the 
pulmonary artery and aorta ; in front and to the right, it is separated from 
the right auricle by the septum auricularum ; behind, it receives on either 
side the tv\ o pulmonary veins. 

The appendix auriculae is somewhat constricted at its junction with the 
principal cavity ; it is longer, narrower, and more curved than tliat of the 
right side, and its margins arc more deej>ly indented. It is directed forwards 
and towards the right and OA crlaps the root of the pulmonary artery. 

'I’he interior of tlic^ left auricle (fig. 567) presents the following parts for 
examination : 

I’he openings of the four pulmonary veins. 

Left auriculo-v(‘nt.ricular o})ening. 

Museuli peetinati. 

T’he pnhnotmry veins, four in number, open into tlie upper j»art of the 
posterior surfac^e of the left auricle— two on cither side of its middh* line 


Fiu. ottT. —The left auricle and ventricle laid open, the posterior walls of 
lM)th having been removed. 



they are not provided with valves. The two left veins frequently terminate 
by a common opening. 

The left auricuh-ventricular opening is the aperture betw'een the left auricle 
and ventricle, and is rather smaller than the corresponding opening on the 
right side. 

The mmc/uli peetinati, fetver and smaller than in the right auricle, are 
f^jonfined to the inner surface of the appendix. 

On the septum auricularum may be seen a lunated impression, bound(;d 
below by a crescentic ridge, the concavity of which is turned upwards. The 

depression is just above the fossa ovalis of the right auricle. 

, The Left Ventricle (ventriculus sinister) is longer and more conical in 
shape than the right, and on transverse section its cavity presents an oval or 
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nearly circular outline. .It forms a small part of the antero-superior surface 
and a considerable part of the postero-inferior surface of the hea,rt. It also 
forms the apex of the heart. Its walls are about three times as thick as those 
of the right ventricle. 

Its interior (fig. 667) presents the following parts for examination ; 

(I-t'ft auriculo-ventricular. VnlwRI J^icuspid or Mitral. 

Openings V^'^^nAortic, 

Chordae tcndineae. Columnae carncae. 

The le/t auriciilo-ve.ntricvlnr opening is placed below and to the left of tlie 
aortic orifice. It is a little smaller than the corresponding aperture of the 
opposite side, admitting only two fingers. It is surrounded by a dense fibrous 
ring, covered by the lining membrane of the heart, and is guarded by the 
bicuspid or mitral valvi'. 

The aortic opening is a circular aperture, in front and to the right side 
of the auriculo-vcntricular, from which it is separated by tlie aortic cusp of 
the mitral valve. Its orifice is guarded by tlic aortic valve, which consists of 
tliree siunilunar segments. The portion of the ventiicle immediately below 
the aortic orifice is termed the aortic vtstihule, and possesses fibrous instead 
of mmscular walls. 

The bicuspid or mitral valve (lig. 565) is attached to the circumference of the 
aurioulo-vmitricular orifice in the same w'ay that tlie tricusjiid valve is on the 
op])osite side. It consists of two triangular cusps, formed by duplicatures of 
tlu“ lining membrane, strengthened by fibrous tissue, and cyataining a few 
muscular fibres. The cusps are of unequal size, and arc l^JI||^^hickcr, and 
stronger than those of the tricuspid valve. The larger cus]risr|wed in front 
and to the right between the auriculo-vcntricular and aortic oflfcces, and is 
krunen as the aortic cusp ; the smaller is placed behind and to the loft of the 
opening. Two smaller cusps are usually found at the angles of iiinction of 
the largci’. The cusps of tlie mitral valve are furnished with chorda tondinoai, 
which are attached in a manner similar to those on the right side ; they 
are, however, thicker, stronger, and less numerous. - 

The aortic valve (fig. 660) consists of three semilunar segments, vUmbh 
surround the orifice of the aorta ; two are posterior (right and left) and one 
anterior.* They are similar in structure, and in their mode of attachment, 
to those of the pulmonary valv(‘, but larger, thicker, and stronger; the 
lunula' are more distiniit, and the corpora Arantii thicker and more prominent. 
Opjiositc the segments tlie wall of the aorta pres(>nts slight dilatations [sinuses 
of Valsalva), which are larger than those at the origin of the pulmonary artery. 

The columns carneas are of three kinds, like tlnae upon the right side, but 
they are more numerous, and present a den.se interlacement, especially at 
the apex, and upon the posterior wall. The musculi papillares are two in 
number, one being connected to the anterior, the'other to the post.i'rior Avail; 
they are oi large size, and terminate by free rounded extremities, from which 
the chorda) tendinea* arise. The choi’d.a* tendinea* from each pajiillary muscle 
are comiected to both cusps of the mitral valve. 

I’he intervefltricular septum (septum ventriculorum) (fig. 668) is directed 
obliquely back wards and to the right, and is curved with the convexity towards 
the light ventricle : its margins correspond with the interventricular grooves. 
The greater portion of it is thick and muscular (septum musculare ventricu¬ 
lorum), but its upper and posterior part, which separates the aortic vestibule 
from the low-er part of the right auricle and uppci- part of the right ventricle, 
is thin and fibrous, and is termed the pars memliranacea (septum membrana- 
ceum ventriculorum). An abnormal communication may exist between the 
ventricles at this part owing to defective development of the septum. 

Structure.—The heart consists of muscular fibres, and of fibrous rings which 
serve for their attachment. It is covered by the visceral layer of the serous 
pericardium [epicardium), and lined by the endocardium. Between these two 
membranes is the muscular wall or myocardium. 

The endocardium is a thin, smooth membrane which lines and gives the 
glistening appearance to the inner surface of the heart; it assists in forming the 
valves by its reduplications, and is continuous with the lining membrane of the 
large blood-vessels. It consists of connective tissue and elastic fibres, and is 
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attached to the muscular structure by loose elastic tissue which contains blood¬ 
vessels and nerves ; its free surface is covered by endothelial cells. 

The fibrous rings (annuli fibrosi) surround the auriculo-veiitricular and arterial 
orifices, and are stronger upon the left than on the right side of the heart. The auri- 
culo-ventriciilar rings serve for the attachment of the muscular fibres of the auricles 
and ventrich's, and for the attachment of the mitral and tricuspid valves. Tiie left 
auriculo-vcntriciilar ring is closely connecti;d, by its right margin, with the aortic 
arterial ring ; between these and the right auriculo-ventricular ring is a triangular 
mass of fibrous tissue (trigonum fibiosum) which n^presents the os cordis seen in the 
heart of some of the larger animals, as the o.x and elephant. Lastly, there is the 
tendinous band, already referred to (p. 006), on the posterior surface of the couus 
arteriosus. 

The fibrous rings surroiuidiiig the arterial orifices serve for the attaclnncnt 
of the great vessels and semilunar valv(!S. Each ring receives, by its v(Mitricular 
margin, th(! attachment of some of the muscular fibres of the ventricles ; its opposite 
margin presents three deep scmiciicidar notches, to which the middle coat of the 


568.—Section of Die licart showing the interventricular sejitum. 
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artery is firmly fixed. The attachment of the artery to its fibrous ring is 
strengthened by the thin cellular coat and serous membrane externally, and by 
the endocardium internally. From the margins of the semicircular notches, the 
fibrous structure of the ring is continued into the segments of the valve. The 
middle coat of the artery in this situation is thin, and the wall of the vessel is 
dilated to form the sinuses of Valsalva. 

The musculnr structure of the heart consists of bands of fibres, which present 
an exceedingly intricate interlacement. They consist, of {a) the fibres of the 
auricles, (6) the fibres of the ventricles, and (c) the auriculo-ventricular bundle 
of His. ■ ^ 

The fibres of the auricles are arranged in tw'O layers^a superficial common to 
both cavities, and a deep proper to each. The superficf^Uihres are more distinct 
on the front of the auricles, across the bases of which''wey run in a transverse 
direction, forming a thin and incomplete layer. Some of^the^ Alwesrun into the 
septum auiicularum. The deep fibres consist of looped and annular ^rCs^' Tl^ 
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UM'pei fibres pass upwards over each auricle, being attached by their two extrooii- 
ties to the corresponding auriculo-vcntricular ring, in front and behind. The 
annular fibres surround the appendices auricularum, and form annular bauds 
around the terminations of the veins and around the fossa ovalis. 

The^’iwes of the ventricles arc arranged in a complex manner, and various accounts 
have been given of their course and connections. The following description is 
based on the work of McCallum.* They consist of superficial and deep layers, all 
of which, with the exception of two, are inserted into the papillary muscles of the 
ventricles. The superficial layers consist of the following, (a) Fibres which spring from 
the tendon of the conus arteriosus and sweep downwards and towards the left across 
the anterior interventricular furrow and around the apex of the heart, where they 
pass upwards and inwards to terminate in the papillary muscles of the left ventricle. 
Those which spring from the upper half of the tendon of the conus arteriosus pass 
to the anterior j)apillnry muscle, those from the lower half to the posterior papillary 
muscle and the papillary niuscli>,s of the septum, (b) Fibres which arise from the 
right auriculo-v(mtricular ring and run diagonally across the l)ack of the right 
ventricle and round its right border oil to its anterior surface, where they dip 
beneath the fibres just described, and, crossing the interventricular groove, wind 
around the apex of the heart and terminate in the posterior papillary muscle of 
the left ventricle, (c) Fibres which spring from the left auriculo-veutricular ring, 
and, crossing the posterior iut(uvcntri(!nlar iarrow, pass successively into the right 
ventricle ajul end in its papillary muscles. The deep layers are three in number : 
they arise it> the papillary muscles of one ventricle and, curving in an S-sh.aped 
mannr-r, turn in at the interventricular furrow and end in the papillary muscles of 
the other ventricle. The layer which is most 8U])crficial in the right ventricle 
lies next the lumen of the left, and vice versa. Those of the first layer almost 
encircle the right ventricle, and, crossing in the septum to the left, unite with the 
superficial fibres from the right auriculo-vcntricular ring to form the posterior 
papillary muscle. Those of the second layer have a less extensive course in the 
wall of the right ventricle, and a correspondingly greatcir course in the left, where 
they join with the suprsrlicial fibres from the anterior half of the tendon of tin! conus 
arteriosus to form the papillary muscles of the septum. Those of the third layer 
pass almost entirrily round the left ventrichi and unite with tin! superficial fibres 
from the lower half of the tendon of tin* conus arteriosus to form tlu! anterior 
papillary muschi. Jiesides the layers just described there are two bauds which 
do not ('lid in papillary muscles. One springs from the right aiuicufo-veutricular 
ring and crosses in the auriculo-ventricular septum : it tlicn encircles the dci-p 
layers of the left ventrii'le and ends in the left auriculo-v’^cntricular ring. The 
seccjnd band Ls apparently confin(!d to the left ventricle; it is attached to the loft 
auriculo-yi'iitricular ruig, and cjicircles the portion of the ventricle adjacent to the 
aortic orifice. 

The auriculo-ventricular bundle of Ills is the only direct muscular connection 
known to exist between tlie auricles and the ventricles. It arises near the orifice 
of the coronary sinus in the annular and septal fibres of the right aurich!, passes 
forwar ds in the lower part of the pars nunnbranacca seijti, and divides into right 
and left fasciculi. These run down in the right and left ventricles, one on cither side 
of the interventrfcular septum, just covered by endocardium. In the lower parts 
of the ventricles they break up into numerous strands which end in the papillary 
muscles and in the ventricular muscle generally. The undivided portion of the 
auriculo-ventricular bundle consists of narrow, somewhat fusiform fibres, but its 
two divisions and their terminal strands are composed of Purkinje fibres. 

Applied Anatomy. —Climeal and experimental evidence go to prove that this bundle 
convoys the impulse to systolic contraction from the aiu'icular septum to the ventricles, 
and much attention has recently been })aid to it, because it appears to become fibrosed 
and to lose much of its conducting power (heart-block) in many cases of Stokes- 
Adams’ disease. This oonditiem is characterised by a slow pulse, a tendency to syncopal 
or epileptiform seizures, and^he fact that while the cardiac auricles beat at a normal rate, 
the ventricles contract much less frequently. 

4 

VesBels and lIerves.--jThe arteries supplying the heart are the right and left 
coronary from tl^e aortaj V ; 

. * 1 5 

t Jiihns Hopkins’ Hospital Iteporls, vol. ix. 
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The veins terminate in the right auricle, and will be described with the general 
venous system. 

The lymphatics end in the thoracic and right lymphatic ducts. 

The nerves arc derived from the cardiac plexuses, which arc formed partly 
from the pneumogastrics, and partly from the sympathetic. They are freely 
distributed both on the surface and in the substance of the heart, the separate 
filaments being furnished with small ganglia. 

The cardiac cycle and the actions of the valves. —By the contractions of the 
heart the blood is pumped through the arteries to all parts of the body. These 
contractions occur regularly aud at the rate of about seventy per minute. Each 
wave of contraction or period of activity is followed by a period of rest, the two 
periods constituting Avhat is known as a cardiac cycle. 

Each cardiac cycle consists of three phases, which succctid each other as 
follows : (1) a short simultaneous contraction of both auricles, termed the auricular 
systole, followed, after a slight pause, by (2) a simultaneous, but more prolonged, 
contraction of both v(*iitricles. named i:\iQventricular systole, and (3) a period of rest, 
during which the whole Jusart is relaxed, i.e. in a state of diastole. The auricular 
contraction commences around the venous openings and sweepingover the auricles 
forces their contents through the auriculo-ventrieular openings into the ventricles, 
regurgitation into the veins being ])rcvented by the contraction of their muscular 
coats. When the ventricles contract the auriculo-ventrieular valves are closed, 
and prevent the passage of the blood back into the auricles ; the mmsculi papillares 
at the same time arc shortened, and. pulling on the chorda! tendinea), prevent the 
inversion of the valves into the auricles. As soon as the pressure in the ventricles 
exceeds that in the pulmonajy artery and aorta, the valves guarding the orifices of 
these vessels are opened and the blood is driven from the right ventricle into the 
pulmonary artery and from the left into the aorta. The moment the systole of the 
ventricles ceases, the pressure of the blood in the pulmonary artery and aorta closes 
the pulmonary and aortic valves to prevent regurgitation of blood into the ventricles, 
the valves remaining shut until reopened by the next ventricular s\ stolc. During 
the period of rest the tension of the auriciilo-ventricular valves is relaxed, and blood 
is flowing from the veins into the auricles and slightly also from the auricles into the 
ventricles, being a.spiratcd by negative intralhoracic pressure. The average duration 
of a cardiac cycle is about of a second, made up as follows : 

Auricular systole, Auricular diastole, f„. 

V(!ntricular systole, i''„. Ventricular dia.stoIe, iV,. 

Total .systole, Complete diastole, i'\,. 

The rhythmical action of the heart is muscular in origin, that is to say, the heart 
muscle itself possesses tlu! inhercitit prof)erty of wntractiou apart from any nervous 
stimulation. The mor(! embryonic the muschi the better is it able to initiat*! and 
propagate the contraction wave ; this e.x})lains why the normal systoles of the heart 
starts at the entrance of the veins, for there the miiscle is most embryonic in nature. 
At the auriculo-ventrieular junction there is a slight pause in the wave of muscular 
contraction duo to the tissue tlnire Ixiirig less irritable (i.e. less embryonic). To 
obviate this as far as possible a jxiculiar band of marked embryonic type passes 
across the junction and so carries on the contraction wave to the'ventricles. This 
band, composed of special fibres, the fibres of Purkinje (p. 42), is the auriculo- 
ventrieular bmidle of His (j). 611). The nerves, although not concerned in originating 
the contractions of the heart muscle, play an important role in regulating their 
force and frequency in oider to subserve the ])hysiological needs t)f the organism. 

Surface Marking. —To show the oxkint of the heart in relation to the front of the 
chest (iig. 509), draw a line from the lower border of the second left costal cartilage, one 
inch from the sternum, to tlie ujiper border of the third right costal cartilage, half an inch 
from the sternum. This represents the base line, or upper limit of the organ. Take a 
point an inch and a half below, and three-quarters of an inch internal to the left nipple— 
that is, about three and a half inches to the left of the median line of tho body. This 
represents the apex of the heart. Draw a lino from this apex point, with a slight con¬ 
vexity downwards, to the junction of Ihe seventh right costal cartilage with the sternum. 
This represents tho lower limit of the heart. Join tho right extremity of the first line— 
that is, the base line—with the right extremity of this line—that is, to the seventh right 
cbondrostemal joint—with a slight curve outwards, so that it projects about an inch and 
a half from the middle lino of tho sternum. Lastly, join tlie left extremity of the base 
line and the apex point by a line curved slightly to the left. 
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The position of the Tarious orifices is as follows : the palmonary orifioe is iitoated 
in the upper angle formed by the artioulation of the third left costal cartilage with the 
sternum ; the aortic orifice is a fittle below and internal to this, behind the left border 
of the sternum, close to the third left ohondrostemal articulation. The left awculo* 
ventricular opening is behind the sternum, rather to Uio left of the median line and 
opposite the fourth costal cartilages. The right auriculo-ventricular opening is a little 
lower, opposite the fourth interspace and in ttie middle line of the body (fig. 669). 

A portion of the area of the heart thus mapped out is uncovered by lung, and therefore 
gives a dull note on percussion; the remainder, being overlapped by the lung, gives a 
more or loss resonant note. The former is known as the area of superficial cardiac dulness ,' 
the latter, as the area of deep cardiac dulness. The area of superficial cardiac dulness is 
included between a line drawn from the centre of the sternum, on a level with the fourth 


Fig. 669.—Front view of thorax, showing relation of the heart, lungs, &c., 
to the ribs and sternum. 



A. Aortic orlHce. M. Jjfttl uurioulo'venlriculur orifieo. V. Pulmouary oriilcc. 
'J'r. llif'lit uurlcuio-TO&fcricular oriilce. 


costal cartilages, to the junction of the body of the sternum with the onsiform cartilage: 
from the two extremities of this lino, two others are to be drawn to the position of the 
apex of the heart in the fifth intercostal space. Below, this area merges into the dulness 
which corresponds to the liver. Latham lays down the following rule as a suffioiont 
practical guide for the definition of the portion of the heart which is uncovered by lung 
or pleura: ‘ Make a circle of two inches in diameter round a point midway between the 
nipple and the end of the sternum.’ 

Applied Anatomy .—Wounds of the heart are often immediately fatal, but not 
necessarily so. They may bo non-penctrating. when death may occur from haemorrhage 
if one of the ooronary vessels has boon wounded, or subsequently from pericarditis. Even 
a penetrating wouno is not necessarily fatal, as a coBsiderablo number of cases have now 
been recorded in which the woimd has been sutured.^ 
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Pbculiarities tn the VAscuiiATi System of the F(Etus 

The development of the heart and vascular system is described on pp. 135 
to 150. 

The eliief peculiarities of the foetal heart are the direct communication 
betAveen the auricles through the foramen ovale, and the large size of the 
Eustachian valve. Amongst other peculiarities the follovong may be noted. 
(1) In early fmtal life it lies immediately Ih^Ioav the luandibular arch, and as 
development proceeds is gradually drawn back within the thorax. (2) For 
a time the auricular portion exceeds the ventricular in size, and the Avails of 
the A'entricles are of equal thickness : towards the end of foetal life the 
ventricular portion becomes the larger and the wall of the left ventricle exceeds 
that of the right in thickness. (3) Iis size is large as compared with that of 
the rest of the body, the proportion at the second month being 1 to 60, and 
at birth 1 to 120, aa IuIc in the ^ult the aA^erage is about 1 to 160. 

The foramen ovale, is situated at the loAver and back part of the auricular 
septum, forming a communication between the auricles. It remains as a free 
oval opening until the middle period of fcetal life. The septum {septum 
secundum) Avhich grows down from tlie upper A^■all of the .auricle to the right of 
the foramen ovale advances over the opening, so as to ft)rm a sort of valve, 
which alloAvs the blood to pass only from the right to the left auricle, and not 
in the opposite dir(‘(!tion. 

The Eustachian valve is directed upAA ards on the left side of the opening of 
the inferior vena cava, and serves to direct the blood from this vessel through 
the for.amen ovale into the left .auricle. 

The peculiarities in tlie arterial systc'in of the ftetus are the communication 
between the pulmonary artery and the descending aorta by means of the ductus 
arteriosus, and the continuation of the internal ili.ac arterries as the umbilical 
or hypogastric arteries to the placenta. 

The dveins arteriosus is a short tub«i. about half an inch in length at birth, 
and of the diameter of a goose-cpiill. In tlie early condition it forms the 
continuation of the pulmonary artery, and opens into the descending aorta, 
just beloAV th(! origin of the left subelavian artery ; and so conducts the chief 
2Jart of the blood from tlie right ventricle into the aorta. When the branches 
of the pulmonary artery have become larger relatively to the ductus arteriosus, 
the latter is chiefly connected to the k'ft pulmonary artery; and the fibrous 
cord, which is all that rem.ains of the ductus arteriosus in later life, is attached 
to the root of that vessel. 

The umbilical or hypogastric arteries arc continued from the interiiiil iliaes, 
along the sides of the bladd(*r to its apex ; tlu'y jiass out of the abdomen at 
the umbilicus and are canied in the umbilical cord to the jilacenta. Tlu'y 
convey the blood Ailiich has cuculatcd through the feetus to the jilacenta. 

The peculiarities in the venous system of the foetus are the communica¬ 
tions established betAveen the placicnta and the lii'cr and portal vein, through 
the umbilical vein ; and between the umbilical vein and tlie inferior vena cava 
through the ductus venosus. 

Fcetal Circulation (fig. .570) 

The blood destined for the nutrition of the foetus is returned from the 
jilacenta to the foetus by the umbilical vein. Tliis vein enters the abdomen 
at the umbilicus, and passes upAvards along the free margin of the falciform 
ligament of the liver to the under surface of that organ, Avhere it gives off 
two or three bratulies, one of which is of largo size, to the left lobe, and others 
to the lobus quudratus and lobus Sjwgelii. At the transverse fissure it divides 
into tAA'O branches ; of these, the larger is Joined by the portal vein, and enters 
the riglit lobe ; the smaller is continued uiiwards, under the name of the 
ductus venosus, and joins the left hepatic vein at the point of junction of 
that vessel Avith the inferior vena cava. The blood, therefore, which traverses 
the umbilical vein, passes to the inferior vena cava in three different Avays. 
The greater quantity circulates through the liver Avith the portal venous 
blood, before entering the vena cava by the hepatic veins ; some enters the 
liver directly, and is also returned to the inferior pava by the hepatic veins : 
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the smaller quantity passes directly into the vena cava, by the junction of 
the ductus venosus with the left hepatic vein. 

In the inferior cava, the blood cari’ied by the ductus venosus and hepatic 
veins becomes mixed with that returning from the lower extremities and 


Fio. 570.—Plan of the fretal cireiilation. 



In this plan tlie figured arrows rqtriwnt the Xi:ul cif blood, as well as I he dircitiun whieli it takCb in the vessels. 

'I’hus—arterial blood is figured .; venous blood, ; n»ixed (artcriul and venous) 

blood, 

abdominal wall. It enters the right auricle, and. guided by the Eustachian 
valve, passes through the foramen ovale into the left auricle, where it mixes 
with a small quantity of blood returned from the lungs bj' the pulmonary 
veins. Erom the. left auricle it passes into the left ventricle ; and from 
the left ventricle into the aorta, by means of which it is distributed almost 
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entirely to the Iiead and upper extremities, a small quantity being probably 
carried into the descending aorta. From the head and upper extremities 
the blood is returned by the superior vena cava to the right auricle, where it 
becomes nvixed witli a small portion of the blood from the inferior cava. 
From the right auricle it descends over the Eustachian valve into the right 
ventricle ; and from the right ventricle passes into the pulmonary artery. 
The lungs of the fmtus being inactive, only a small quantity of the blood of 
the pulmonary artery is distributed to them by the right and left pulmonary 
arteries, and returned by the pulmonary veins to the left auricle : the greater 
part passes through the ductus arteriosus into the commencement of the 
descending aorta, where it becoim's mixed with a small quantity of the blood 
transmitted by the h‘ft ventricle into the aorta. 'I’hrough this vessel it descends 
to supply the lou'cr extrt'rnitics atid the viscera of the abdomen and pelvis, 
the chief poi'lion being, however, conveyed by the umbilical arteries to the 
placenta. 

From the precieding account of the circulation of the blood in the foetus, 
it v\ill be seen : 

1.1’hat the plafionta serves the purposes of nutrition and excretion, receiving 
the impure blood from the foetus, and returning it purified and charged with 
additional nutritive material. 

2. That nearly the whole of the blood of the umbilical vein traverses the 
liver before entering the inferior cava; hence the large .size of this organ, 
especially at an early period of hetal life. 

!1. That the right auricle is the point of meeting of a double current, the 
blood in the inferior cava being guided by the Eustachian valve into the 
left auricle, while that in tlu'i superior cava descends into the right ventricle. 
At an early period of fmtal life it is highly probable that the two streams 
arc quite distinct ; for the inferior cava operis almost directly into the left 
auri(!le, and the Eustachian valve would exclude the current along the 
vein from entering the right ventricle. At a later j)eri(Kl, as the separation 
between the two auriele.s becojnes more distinct, it seems probable that some 
mixture of the two streams tt)ust take* place. 

4. The pure blood carried from the placenta to the fmtus by the umbilical 
vein, mixed with the blood from the portal v(un and inferior cava, iJasses 
almost directly to the arch of tlie aorta, and is distributed by the branches 
of that vess<*l to tlie head and upper extremities. 

15. The. blood contained in the descending aorta, chiefly derived from that 
which has already circulated through the head and limbs, together with a 
small quantity from the l<‘ft \entricle, is distributed to the abdomen and 
louver extremit ies. 

Ohanoes ii\ the Vascular System at Birth 

At birth, w'hen respiration is established, an inerea.scd amount of blood 
from the pulmonary artery passes through tlm lungs, and the placental 
(;ii'Culation is cut olT. The foj'amen ovale is clostid by about tbe tentli day 
after birt h ; the valvular fold above mentioned adheres to the margin of the 
foramen for the greater part of its circumference, but a slit-like opening is 
left between the two auricles above, and tliis sometimes persists. 

'Tire ductm arteriosus begins to conti'act immediately after respiration is 
established, be«!omes cora])letely clo,sed from the fourth to the tenth day, 
and ullimatcly degenerates into an impervious cord, which connects the left 
pulmonary arit'ry to the arch of tlie aorta. 

Of the viiibilical or liyimjastric arteries, the portion of each continued on 
to the bladder from the trunk of the corresponding internal iliac remains 
pervious, as the sujjcrior vesical artery; the part extending from the side 
of the bladder to the umbilicus becomes obliterated between the second and 
fifth days after birth, and projects as a fibrous -cord towards the abdominal 
cavity, caiTying on it a fold of peritoneum. 

The umbilical vein and ductus venosus are completely obliterated betw’een 
the second and fifth days after birth, and ultimately dwindle to fibrous cords; 
the former becoming the ligamentum teres, the latter the ligamentum venosum 
of the liver. 
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THE ARTERIES 

Arteries are cylindrical tubular vessels, wbich convey blood from the 
ventricles of the heart to the different parts of the body. These vessels were 
named arteries from tlie behef entertained by the ancients that ttiey contained 
air. Galen was the firat to sliow that during life they contain blood. 

The distribution of the systemic arteries is like a highly rammed tree, 
the common trunk of which, formed by the aorta, commences at tlie left 
ventricle, while the smallest ramifications extend to the peripheral jiarts of 
the body and the contained organs. Arteries are found in all parts of the 
body, except in the hairs, nails, epidermis, cartilages, and cornea ; the larger 
trunks usually occupy the most protected situations, running, in the limbs, 
along the flexor side, where they are less exposed to injury. 

There is considerable variation in the mode of division of the arteries : 
occasionally a short trunk subdivides into several branches at the same poniG 
as may be obscrv'cd in'the cudiae and thyroid axes ; the vessel may give off 
several branches in sueeessioti, and still 'continue as the main trunk, as is 
seen iii the arteries of the liijibs ; or tlii* division may be dichotomous, as, 
for instanci', \i hen the aorta divides into th<‘ two common iliacs, or the common 
carotid into the external and internal carotids. ... , 

A branch of an artery is smaller than the. trunk from which it arises ; but 
if an arteiy divides into tivo branches, the combined sectional area of the 
two vessels is, in nearly eveiy instance, somewhat greater than that of the 
trunk ; and the combined sectional area of all the arterial branches greatly 
exceeds that of the aorta ; so that the arteries collectively may be regarded 
as a cone, tin* apex of whiidi eorresjionds to the aorta, and the base to the 
capillary system. . 

d’he arteries, in their distribution, eommunicate with one another, forming 
what are called ntuialotnoscii, and these eomniiinications are very tree between 
the large as well as between the smaller bratielu'S. The anastomosis bet.weeii 
trunks of ei|aal size is found where great activity of the eirciilalion is requisite, 
as in the brain; here the two vertebral arteries unite to form tlie basilar, 
and the two anterior cerebral arteries are eoniieeted by a short communicating 
trunk ; it is also found in the abdomen, the intestinal arterii's having very 
ample anastomoses between their larger branches. In the limbs, the anasto¬ 
moses are most luiinerous and of largest size around the joints ; the branclu 
of an artery above uniting with branches from the vessels beloM. These 
anastomoses are of eonsidei’able interest to the surgeon, as it is by their enlarge¬ 
ment that a rollatrral c.ircvlaiioti is established after the application of a ligature 
to an artery. 'I’he smaller hranehes of arteries anastomose nioi'o frequently 
Ilian the larger; and between tlie sinalh'st (wigs these anastomoses become 
so numerous as to constitute a close network that pervades nearly every 
tissue of the body. 

Throughout the hody gmierally the larger arterial branches pursue a fairly 
straight course, but in certain sifiiations they are tortuous. Thus the facial 
artery in its course over the face, and the arteries of the lips, are extremely 
tortuous to aecomiiiodatc themselves to tlie movements of the parts. Tlie 
utiM’ine arteries are also tortuous, to accommodate themselves to the iuerease 
of size w'hieh tlie utonis undergoes during pregnancy. 

I’hc aiieries are dense in structure, of-considerable strength, highly elastic, 
and. w'hen divided, they preserve, although empty, their cylindrical form. 
Their structure has been described on page 55. 


Applied Anatomy .—All the arte-ries, and most of all the. aorta, are liable to a degenerative 
process known as atheroma, arteriosclerosis, or, more recently, atherosclerosis (Marchand). 
that is of the greatest clinical importance. It is essentially a senile change, although it 
may begin at any age and is predisposed to by renal disease, gout, diabetes mellitus, load 
poisoning, and a number of other morbid states, and results in the roplacjemcnt of the 
arterial elastic tissue by fibrous tissue. Its chief ill efTeots are two. In the first place, it is 
associated with a permanent and often considerable rise in the arterial blood-pressure, 
entailing a corresponding hypertrophy of the heart; in the second, it weakens the vessel 
walls, rendering them more liable to rupture, while at the same time it is apt to lesson the 
calibre of the affected vessels- 
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Tho arteries are also frcquejitly attacked by syphilis, which gives rise to inflammation 
and degeneration of tlieir middle coats. Recent researches * go to prove that arterial 
aneurysms, other tlian tlioso due to direct injury, occur almost solely in syphilitic patients. 

PuLMONAitY Artery (fig. 571) 

The pulmonary artery (a. pulmonalis) oonveys the venous blood from 
the right side of tlie heart to tire lungs. It is a short, wide vessel, about 
5 cm. in length and 30 mm. in diameter, arising from tho left side of the 
base (conus arteriosus) vf the right ventricle. It extends obliquely upwards 
and backwards, passing at first in front and then to tho left of the ascending 
aorta, as far as the under surface of the arch, but on a plane posterior to it, 
where it divides, about tlie level of the intervertebral disc between the fifth 
and sixth thoracic vertebra?, into right and left branches of nearly equal siac. 

Belations.—The whole of this vessel is contained within the pericardium. It 
is enclosed with the ascending aorta in a single tube of the visceral layer of the 

Fio. 571.—Transverse section of thorax, showing relations of pulmonary artery. 


Tria m yula W s hfrnii 
utl mammary tvvW* . 



serous pericardium, which is continued u])wards ujnm them from tho base of the 
heart. The fibrous layer of the p(>riciudium becomes gradually lost upon the 
external coats of its two branches. In front, the pulmonary artery is sejjarated 
from the anterior extremity of the second left intercostal space by th(! ])leiira and 
left lung, in addition to the pericardium ; it rests at first upon the ascending aorta, 
and higher up lies in front of tlu; loft auricle on a piano posterior to the ascending 
aorta. On either side of its origin is the, aj)i)endix of tJie corresponding auricle and 
a coronary artery, the left coronary artery passing, in the first part of its course, 
behind the vesstfl. Tho superficial cardiac plexus lies above its bifurcation, bctw'een 
it and the arch of the aorta. 

The right branch of the pulmonary artery (ramus dexter), longer 
and larger thsm the left, runs horizontally outw'ards, behind the ascending 
aorta and superior vena cava and in front of tho right bronchus, to the root 
of the right lung, Avliere it divides into two branches. The low’cr and larger 
of these goes to the middle, and lower lobes of the lung; the upper and 
smaller is distributed to the upper lobe. 

* C. U. Aitchisou, Areh. of thr Patholot/ioal fmiUute of the London Hoip„ 1908, ii. p. 1. 
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The left branch of the pulmonary artery (ramus sinister), shorter 
and someAvhat smaller than the right, psisses horizontally in front of the 
descending aorta and left bronchus to the root of the left lung, where it 
divides into two branches for tlie two lobes of the lung. 

The root of the left branch of the pulmonary artery is connected to the 
under surface of the arch of the aorta by a short fibrous cord, the Ugamemium 
artmmnm ; this is the remains of a foetal vessel, the ductus arteriosus. 

The terminal branches of the pulmonary artery will be described with 
the anatomy of the lung. 

Applied Anatomg .—Stenosis of the pulmonary artery, cither with, or, more rarely, 
without defective temation of the iatorventri<!ular septum, is one of the eoinraonest 
congenital defects of the heart. It may he due either to fa-tal endooarditis, or to mal- 
development of the bulhus cordis (p. 140).* As in most forms of congenital heart-disease, 
the child is cyanosed (morbus coeruleus), especially when excited or on exertion, and rarely 
lives to grow up, oommonly dying of heart-failure in infamry, or of pulmonary tulierculosis 
or intercurrent disease in childhood. The chief signs of thic condition arc the loud, harsh 
systolic curdiae murmur best heard over the second left costal cartilage, cyanosis, clubbing 
of the finger-tips, a,nd the presence of an excess of rod corpuscles in the blood. 

Embolism of the pulmonary artery by a clot < f blood coming from the right side of the 
heart in patients with heart-disease, or from a thrombosed vein in cases, for example, of 
influenza, enteric fever, pucrper.al sepsis, or fractui'd limbs, is a common cause of sudden or 
rapid death. The patient ma3' cry out with sudden excruciating pain in the pra>cordia 
when the detached embolus lodges, and after a brief jieriod of intense dyspnoea, pallor, and 
atiguisli, die. 

Tiik Aouta 

'I’he aorta is the main trunk of a sorios of vessels which convey the oxy- 
gmiated lilood to the tissues of tlic body for their nutrition. It commences 
at the upper part of tlic left vcntrich', wluuv it is about 30 mm. in diamctiT, 
and after ascending for a short distance, arches backwards, and to iJic left 
side, over liie root of the left lung ; it then descends within the thorax on 
the left side of th(* vertebral column, passi's into the abdominal cavity through 
the aortic o])cning in the Diaphragm, and terminates, considerably diminished 
in size (about 17‘5 mm. in diameter), opjiosite the lower bonier of the 
foiirtli lumbar vertebra, by dividing into the right and loft eoiiunon iliac 
arteries. Hence it is dc'serihed in several portions, viz. the ascending aorta, 
the arc/i of the aorta, and tlic dcsceiuling aorta, which last is again divided 
into the thoracic and abdominal aarlcp.. 

AscKTsrniNO Aorta 

The ascending aorta (aorta ascendens) (fig. 572) is about two inches in 
h ngth. It commences at the upper part of the base* of the left ventricle, on 
a level with the lower border of the third costal cartilage behind the left half 
of the sternum ; it ])asses oblicpiely upwards, forw ards, and to the right, in the 
direction of the heart’s axis, as high as tlie uppi'r border of the second right 
costal cartilage, describing a sliglit curve in its course, and being situated, 
when distended, about a quarter of an inch behind tlie posterior surface of the 
sternum. At its origin it (iresenfs, opposite the segments of the aortic valve, 
throe small dilatations called the sinuses of Valsalva. At the union of the 
ascending with the transverse part of the aorta the calibre of the vessel is 
increased, owing to a bulging outwards of its right wall. This dUatation 
is termed the great sinus of the aorta (bulbus aortm), and on transverse section 
presents a somewhat oval figure. The ascending aorta is contained within the 
pericardium, and is enclosed in a tube of the serous pericardium, common to 
it and the pulmonary artery. 

Relations. —The ascending aorta is covered at its commencement by the 
trunk of the pulmonary artery and th<‘- right auricular appendix, and, higher up, is 
separated from the sternum by the pericardium, the right pleura, and the anterior 
margin of the right lung, some loose areolar tissue, and the remains of the thymus 
gland ; behind, it rests upon the right pulmonary artery and left auricle. On the 

* Keith (Studies in Peviliolngy, Aberdeen University, IflOfi) believes that the gre.ai. majority 
of cases which arc classified as congenital stenosis of the pulmonary or of the aortic orifices 
arc, in reality, due to an arrest of development or malformation of the bulhus cordis. 
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riglit aide, it is in relation with the superior vena cava and right auricle, the former 
lying partly behind it; bn the left aide, with the pulmonary artery. 

Branches. —The «)n]y branches of the ascending aorta are the coronary arteries 
which supply the heart. They are two in number, right and left, and arise near 
the commencement of the aorta immediately above the attached margins of the 
semilunar valves. 

The right coronary artery (a. coronaria [cordis] dextra), about the size of a 
crow’s quill, arises from the anterior sinus of Valsalva. It passes forwards between 
the pulmonary artery and the right auricular appendix, then runs obliquely to the 
right side, in the groove between the right auiiclo and ventricle, and, curving 
around the right border of the heart, runs along the posterior surface as far as 
the posterior mterventricular groove, where it divides into two branches. One 
of these (transverse) continues onwards in the groove between the left auricle and 
ventricle, and anastomoses udth the left coronary ; the other (descending) courses 
along the posterior interventricular furrow, supplies branches to both ventricles 
and to the septum, and anastomoses at the apex of the heart with the descending 
branches of the left coronary. 

This vessel sends a large branch (marginal) along the thin margin of the right 
ventricle to the apex, and from this numerous small branches are given to the 
anterior and posterior surfaces of the vontjiclc. It also gives a branch close to 
its origin (right auricular), which passes upwards between the right auricle and 
the aorta, and distributes twigs to the right auricle, the auricular septum, the aorta, 
and the pulmonary artery. 

The left coronary artery (a. coronaria [cordis] sinistra), larger than the former, 
arises from the left posterior,sinus of Valsalva; it passes forwards between the 
pulmonary artery and the left auricular appendix, and divides into two branches. 
Of these, one (transverse) runs transversely outwards in the left auriculo-ventricular 
groove, and winds around the left border of the heart to the posterior surface, 
where it anastomoses with the transverse branch of the right coronary ; the other 
(descending) passes along the anterior interventricular groove to tins apex of the 
Injart, where it anastomoses with the tlescendiug branch of the right coronary. 
Th(5 hdt coronary su])plios the left auricle and its appendix, gives branches to both 
ventricles, and numerous twigs to the pulmonary artery and commencement of the 
aorta. 

In addition to the already mentioned anastomosis in the auriculo-ventricular 
and inlervcntricular grooves there is a free anastomosis between the minute 
bruTiches of the two coronary arteries in tlu! substance of the heart. 

Pec'tdiarifivs. —These vessels oeeasionally arise by a common trunk, or their number 
may bo increased to three, the additional branch being of small .size. More rarely, there 
are two additional branches. , •_ 

A'p'^ied AnaJtmy.— 'lAw sudden blocking of a coronary artery by an embolus, or its 
more gradual obstruction by arterial disease or thrombosis, is a common oau.se of sudden 
death in persons past middle age. If the obstruction to the psissago of blood is incomplcti*, 
tnie angina pectoris may occur. In this condition the patient is suddenly seized with a 
s{iasm of agonising pain in the prsecordia! region and down the left arm, together with an 
indescribable sense of anguish. He may die in such an attack, or succumb a few hours 
or da 3 rK later from heart failure, or survive a number of attacks. 

Akch of the Aorta 

The arch of the aorta (arcus aorta-) (fig. 572) begins at the upper border 
of the second c.hondro-stcrnal articulation of the right side, and runs at 
first upwards, backwards, and to the li-ft in front of tlio trachea; it is then 
directed backwards on tlu; left side of tlic trachea, and finally passes down¬ 
wards on the left side of the body of the fourth thoracic vertebra, at the lower 
border of wliiidi it becomes continuous with the descending aorta. It thus 
forms two curvatures : one with its convexity upwards, the other with its 
convexity forwards and to the left. Its upfier border is usually about an inch 
below the upper margin of the sternum, 

HelationB, —I'he ai-ch of the aorta is covered in front by the plourso and anterior 
margins of the lungs, and by the remains of the thymus glaud. As the vessel runs 
backwards its left side is in contact with the left lung and pleura. Passing down¬ 
wards on the left side of this part of the arch are four nerves—in order from before 
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backwards these are: the. left phrenic, the inferior cervical cardiac branch of the left 
pneumogastric, the superior cardiac branch of the left sympathetic, and the trunk 
of the left pneumogastric. As the last nerve crosses the arch it gives olf its recur¬ 
rent laryngeal branch, which hooks tound below the vessel and then passes upwards 
on its right side. The left sujjerior intercostal vein runs obliquely upwards and 
forwards, on the left side of the arch between the phrenic and pneumogastric nerves. 
On the right are the deep cardiac plexus, the left recurrent laryngeal nerve, the 
CBSophagus, and the thoracic duct; the trachea lies behind and to the right of the 
vessel. Above arc the innominate, left common carotid, and left subclavian arteries. 


Pig. 572.—^The arch of the aorta, and its branches. 



which arise fi-om the convexity of the arch and are crossed close to their origins 
by the left innominate vein. Below are the bifurcation of the pulmonary arter}', 
the left bronchus, the ligamentum arteriosura, the superficial cardiac plexus, and 
the loft recurrent laryngeal nerve. As already stated, the ligamentum arteriosum 
connects the commencement of the left pulmonary artery to the aortic arch. 

Between the origin of the left subclavian artery and the attachment of the 
ductus arteriosus the lumen of the foetal aorta is considerably narrowed, fonning 
what is termed the isthmus aorta, while immediately beyond the ductus arteriosus 
the vessel presents a fusiform dilatation which His has named the aorlw s'pindle 
—^the point of jimctiot* of the two parts being marked in the concavity of the 
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arch by an indentation or angle. These conditions persist, to some extent, in 
the adult, where llis found that the average diameter of the spindle exceeded that 
of the istWus by 3 mm. (about one-eighth of an inch). 

Distinct from tliis diffuse and moderate stenosis at the isthmus is the condition known ns 
coarctation ofthr aorta, or marked stenosis often amounting to complete obliteration of its 
lumen, scon in adults and occurring at or near, oftenost a little below, the insertion of the 
v'^uctus arteriosus into the aorta. According to Bonnet * this coarctation is never found 
in the fmtus or at birth, and is due to an abnormal extension of the i>eculiar tissue of the 
ductus into the aortic wall, which gives rise to a simultaneous stenosis of both vessels as 
it contract® after birth—the dtustus is usually obliterated in the.so cases. An extensive 
collateral circuiaiien is set up, by the superior intercostals, internal mammaries, and the 
posterior scapular branches of the transvcnsalis colli above the stenosis, and below it by 
the first four aortic intercostals, the phrenics, and the superficial and deej> epigastrics. 

Peevliurities .—Tins height to which the aorta rises in the chest is usually about an 
inch below the upper border of the sternum ; but it may ascend nearly to the top of the 
bone. Occasionally it found an inch and a half, more rarely tw'o or csveii thrtsc inches 
below this point. Somefimes the aorta arches over the root of the right insteiui of over 
that of the left lung, and passes down on the right side of the vertebral column, a <‘on- 
dition which is found in birds. In such cases all the thoracic and abdominiU viscera are 
transposed. Less frerjuently the aorta, after .arching over the root of the right lung, is 
directed to its usual ]K)sition on the left side of the vertebral column, this peculiarity not 
being accomp.anied by any transposition of the viscera. The aorta ocuiasiorially divides, 
a.H in some quadrupeds, into an ascending and a descending trunk, the former of which 
Ls directed vertically upwards, and subdivides into three branches, to suf)ply the head and 
uj)pcr extremities. .Sometimes the aorta subdivides soon after its origin into two bivonches, 
which soon reunite. In one of these cases the fcsophagus and trachea were found to 
pass through the interval left by their division; this is the normal condition of the vessel 
in the rei)tilia. 

A'p'plml Anatomij .—Of all the vessels of the arterial system, the aorta, and more 
especially its arch, is most frequently the seat of disease; hence it is im]>ortant to <'onsider 
some of the consequences that may ensue from aneurysm of this ])art. 

Aneurysm of the asetmding aorta, in the situation of the sinuses of Valsalva, in tlu! great 
majority of cases, affects the anterior sinus ; this is mainly owing to the fact that the 
regurgitation of blood ujmii the sinuses laktss ]>l.icc chiefly on the anterior aspia t of the 
vessel. As the aneurysmal sac enhirges, it may compress any or all of the structures in 
immediate proximity with it, but chiefly projects towards the right anU-rior side ; and, 
eonsc<}uently. interferes mainly' with those stiou'tures that have a eorre.sponding relation 
with the vessel. If it projetit forwards, it may absorb the sbirnurn and the cartilages of 
the ribs, usually on the right side, and appear as a 2 >ulsating tumour on the front of the 
chest, just Ih.-1ow the manubrium; or it may burst into the 2 >ericarilium, or may comi)ress, 
or ojjcn into the right lung, the trachea, bronchi, or (esophagus. In the majority of (ioses 
it bursts into the cavity of the pericardium, the jailient suddenly drops down dead, and, 
ui)on a ])ost-mortem examination, the jwricai'dial sac is found full of blood ; or it may 
compress the right auricle, or the jnilmonary artery', and adjoining part of the right 
ventricle, and o{)en into one or the other of these parts. It may press upon the superior 
vena cava or the innominate veins, causing great venous engorgement. The face becomes 
livid and swollen, the right arm and anterior thoriwic wall (edematous, and the con¬ 
gestion of the brain gives rise to headache and vertigo. An aneurysm has occasionally 
perforated into the superior vena cava, setting uj) an arterio-venous aneurysm. When this 
hapfXiiis the patient suddenly iKicornes very short of breath, intensely congested and 
(edematous in the face and ujqier part of the body, and develops a pal 2 )ablo thrill and a 
continuous humming murmur, loudeist during systole, over the sternum. Death follows a 
few days or weeks after such a p(jrforation ; and sora((what similar symptoms arc occasioned 
when an aortic aneurysm erod(j.s and bursts into the jnilmonary artery. 

Regarding the arch of the aorta, the student is reminded that the vessel lies against 
the trachea, (esophagus, and thoracic duct; that the recurrent laryngeal nerve winds 
around it ; and that from its upper part are given off three large trunks, which supply the 
head, neck, and ujjper extremities. Now, an aneurysmal tumour taking origin from the 
jiosterior ]>art of the vessel, its most usual site, may pr((ss upon the trachea and give rise to 
the sign known as “ tracheal tugging,” imjiede the breathing, or produce cough, dyspnoea, 
bronchiectasis, lucmojitysis, or stri(iulous breathing, or it may ultimately buret into that 
tube, producing fatal hieniorrhage. Again, its pressure on the loft recurrent laryngeal 
nerve may give riM' to symptoms of laryngeal paralysis; or it may jiress upon the thoracic 
duct and destroy life by inanition ; or it may involve the craophagus, producing dysphagia, 
and has not iiifreipicnUy la-en mistaken for (esophageal stricture ; or it may buret into the 
cesnphagus, when fatal hamiorrhage will occur. (Jomi)re8si(m or stretching of the sym¬ 
pathetic filaments may, in the former case, produce dilatation of the pupil; in the latter. 


♦ Ilrr. (If Mid., Paris, 1903. 
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contraction, if the Conducting power is abolished, on the affected side. This has proved 
to be an important diagnostic sign in this disease. Again, the innominate artery, or the 
subclavian, or left carotid, may be so obstructed by clots as to produce a weakness, or 
even a disap}X!arancc, of the pulse in one or the other wTist, or in the left temporal artery; 
or the tumour may present itself at. or above the manubrium, generally either in the 
median line, or to the right of the sternum, and may simulate an aneurysm of one of the 
arteries of the neck. 

It is Important to remember that many of the physical signs of an aortic aneurysm 
may be simtilated with extraordinary Jidelity by the preternatural pulsation or throbbing 
of a distended and (slaslic aorta, when no true aneurysmal dilatation exists. This 
condition may be met with in young persons with aortic reflux and greatly hypertrophied 
hearts, in patients who arc of a neurotic- or hysterical temtxsramcnt, and in eases of Graves’s 
disease or of marked ana'inia. The condition is known as dynamic dilatation of the aorta, 
and in no way thn^atens life. 

Branches (figs. 572, 573).—TJie brandies given off from tin* ai'di of tlio 
aorta arc three in number : tlu; innominate, the left common carotid, and 
the left subclavian. 

Peculiarities.—Position of the brnnr-hes .—The branches, insU>ad of arising from the 
highest part of the arch, may spring from the eoiumeneemeiit of the arch or upper part of 
the ascending aorta ; or the distance between them at their origins may bo increased or 
diminished, the most frequent ch.ange in this res|A ct being the approximation of the left 
carotid tow'ards the innominate artery. 

The nitmher of the primary branches may lx; rodneod to one, or more commonly 
two: the l(‘ff carotid arising from the innominate artery; or (more rarely) the carotid 
and subclavian arlerios of the left side arising from a left innominate artery. But 
the number may be increased to four, from the right carotid and subcl.avian arteries 
arising directly from the aorta, the innominate being absent. In most o^ these latter 
eases the right subclavian has been found to arise from the left end of the arch ; in other 
eases it is the second or third bratich given off, instead of the first. Another common 
form in which there are four jirimary bratiches is that in which the left vertebral artery 
arises from the arch of the aoi'ta between the, left carotid and subclavian arteries. Lastly, 
the number of trunks from the arch may be increased to liv'o or six ; in those instances, 
tlie external and internal <*ar()tids iiri.se sep.ariit.oly from the arch, the common carotid 
Ixiing absent on on«! or Ixdh sides. Jn some few cases six branches liavo boon found, and 
this condition is assoeiiited witli the origin of both vertebral arteries from the arch. 

Ninulter nsiial. arrani/emetif- different .—When the aorta arches over to the right side, 
the three hriinehes have an iirrangcmi-nt the reverse of what is usual, tlu> innominate artery 
is a left one, and the right carotid aiicl .subelavdan arise separately. In otlier eases, where 
the iiortiv takes its usual eiiiiiwi, th(‘ two carotids may lx; joineil in ii (iommon trunk, and 
the subclavians arise separately from the arch, the right snliclavian gimerally arising from 
(he loft end of the arch. 

In some instances other arteries spring from the arch of the tiorla. Of these the most 
common are the bronchial, one or both, and the tliyreoidea ima; but the internal mammary 
and the inferior thjToid have been seen to arise from this vessel. 

Innomiwate Autery 

T’ho innominate or brachio-cephalic artery (u. anonyma) (fig. 572) is 
the largest branch given off from the arch of the aorta. It arises, on a level 
witli the upper border of tlie second rigid co.stal cartilage, from the com¬ 
mencement of Ihc arch of the aorta, on a plane anterior to the origin of the 
left carotid, and, ascending oblitptcly upwards, backwards, and outwards to 
the level of the ujtper border of the right sterno-clavicular articulation, 
divides into the right common carotid and right subclavian arteries. This 
vessel varies from an inch and a half to two inclies in length. 

Relations. —In front, it is separated frorti the first piece of the sternum by the 
Sterno-hyoid and Sterno-thyroid muscles, the remains of the thymus gland, the 
left innominate and right inferior thyroid veins which cross its root, and some¬ 
times the inferior cervical cardiac branch of the right pneumogastric. Behind, it 
lies upon the trachea, which it crosses obliquely. On the right side are the right 
innominate vein, the superior vena cava, the right phrenic nerve, and the pleura ; 
and on the left side, the remains of the thymus gland, the origin of the left carotid 
artery, the left inferior thyroid vein, and the tracliea. 

Branches. —The innominate usually gives off no branches ; but occasionally 
a small braneb, the thyreoidea ima, arises from this vessel. It also sometimes 
giyes off a thymic or branchial branch. 
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The thyreoidea ima asoends in front of the trachea to the lower part of the 
thyroid body, which it supplies. It wies greatly in size, and appears to 
compensate for deficiency or absence of one of the other thyroid vessels. It 
occasionally arises from the aorta, the right common carotid, the subclavian or 
the internal mammary. 

Pfculiaritm in point of dii'ision. —When the bifurcation of the innominate artery 
varies from the point above mentioned, the v«*ssel sometimes aseendH a considerable 
distance above the sternal end of the clavicle ; less frc(|uently it divides Ik'Iow it. In 
cases of the former class, its length may exceed two inches ; and, m the Utter, be reduced 
to an inch or less. 

Position. —IVhen the aorta ar»-hcs o\cr to the right side, the innominate is diro<*lcd to 
the left side of the neck iiislcad of the right. 

Collateral Cucalation. —.Wlan Fbii ns demonstrated, on the dead Huhject, the possibility 
of the ostablishmeul ol the collnlc'iiil cinsilation after ligatun* of the innominate artery, 
by tying and di\iding tli.it artery. Ho then found that ‘ Even eo.arsc injection, imjielled 
if into the aorta, passed freely by the anastomosing branches into tho arteries ol the right 
arm, tilling them and all tlu* \<‘.ssels of the head completely.’* 1'ho hrimehes by which 
this circulation uould 1 k' earned on are very numerous ; thus, all the eommunications 
across tho middle line betnemi the branclRM ot the enrotid arteries of ojiposite sid(*s would 
Im> available for the .supply ol blood to the right side oi the head and neck; while the 
anastomosis lief ween the .siip'-rior intercostal ot the subel.iv ian and tho lirst aortic iuler- 
eostal (see infra on the collateral eireulatioii after uliliteraliviii of the Ihoraeieaorta) would 
bring the blood, by a tree and direct course, into the right siibelaviari. The numerous 
eonneetioiis, also, between the intercostal arteries and the liranehes ot the n\illary and 
internal m.unmary arteries would, doubtless, assi ,t in the supply ot hlood to the right arm, 
wliile the deep epigastric from tlie external ili.w wouhl, by' means of its anastomosis witli 
the internal mamm.iry, eomiieiisate tor ,vny defieieii'y in the vascularity ol the wall ol the 
chest. 

Applied Anatinai /.—Aneurysm of the innominate .iiteiv not iiifieipK'utly occurs as 
an iieeompaniment to aneurysm ot the .arch ot the aorta. It causes bulging of the right 
sterno-elavieular cartieolation, pushing foiwards the Hterno-iiiastoid muscle and tilling u[i 
tho suprasternal iiobh. It ])roduees seiious pivssure s 3 ’inptoins : tvoni pressure on tlu‘ 
innominate veins it may cause (edema of the upper extremilies, and of the head and neck ; 
from pressure on tlie trache.i it piodiiees dyspiuea ; and from jiressure on the I'ight 
recurrent laryngeal nerve, hoareeness and laiyngeal eougJi. 

Although the oper.ition of trying the iiuiomiiiate arterj' has la-en jierforined hv several 
surgeons, not many successes liav(> been recorded. 'I’lie eliiet danger of the o|)(M'ati(>n 
apjiears to 1 m' the frequency of secondary h.i'niorrhage; hut in the iiresent day, with the 
practice of as(‘ptie suigery and our greater knowhslge ot the use of the ligature, iiion^ 
favour.ible results mav' be antieijiafed. 'J’he main obst.ich's to the ()(KTation are, the 
diH*p situation of the artcuy behind and beiiealli the sternum, and the number of 
important strueturcs which surround it in every part. 

Jn onler to a]>ply a ligature to lhi.s vessel, the p<itieiit is to lx- placed upon his back 
viitli tli(> thorax slightly raised, the he.id bent a little b.ickwards. and the right shoulder 
strongly depressed, so as to draw out the artery trom behiiid the sleriiuni into tlie neck. 
.\n incision tlin-e or more inches long is then made ahnig the anterior lioider of the 
yterno-mastoid muscle, terminating at the sternal end of the clavicle. From this point, 
a second incision is carried about the same length along the upjier border of the elaviele. 
Tlie skin is then dissected b,iek, and the rialysnia divided on a director: the sternal end 
ot the Sterno-mastoid is now brought into vi('w, and a director being passed beiieatli 
it, and elo.se to its under surface, so as to avoid any small vesst'Is,* it is to lx* divided ; 
in like manner the elavieiil.ir origin is to be divided throughout the whole or givator 
]iart ot its attachment. Jiy pressing aside any’ loose cellular tissue or vessels that may 
now appear, the Sterrio-liyoid and Steino-thyioid muscles will be e.\|H)sed, and must be 
Hividud, a director being previously fiassed beiieatli them. Tho inferior tliyrroid veins 
may come into view, and must be carefully drawn either u|iwards or downwards, by 
means of a blunt book, or tiixl with double ligatures and divided. After tearing tbrough 
a strong tihio-eelliilar lamina, tho right carotid is brought into view, and being traced 
downwards, the arteria innomiiiata is arrived at. I'lie left innominate vein should now 
be depressed; I lie right innommale vein, the internal jugular vein, and the pnoumogastric 
nerve drawn to the right side ; and a curved aneurysm needle may then Ixi passed around 
the vessel, cIos<> to its surliKO, and in a direction from below upwards and inwards ; care 
being taken to avoid the right jileurul sac, the trachea, and cardiac nerves. The ligature* 
should be applied to the artery as high as po.ssible, in order to allow room between it and 
the aorta for the formation of the eoiigulum. The importance of avoiding the thyroid 
plexus of veins during the primary steps of the oix^ration, and tlie pleural soi' w’hilo 
including the vessel in the lig.itiire, should bo most carefully homo in mind. 

* Surga-ttl Anatomy of the Head and Aceh, p. 03. 



ARTERIES OF Tife HEAD AND NECK 


The principal arteries of supply to the head and neck are the two common 
carotids ; they ascend in the neck and each divides into two branches, viz. 
(1) the external carotid, supplying the superficial parts of the head a,nd face, 
and tile greater part of the nock; (2) the internal carotid, supplying to a 
great extent the parts within the cranial cavity. 

Common Cabotid Aiiteries 

The common carotid arteries differ in lengtii and in their mode of 
origin. The ritjlit (a. cjirotis communis dfxtra) begins at tJic bifurcation of 
the innominate artery behind llie stemo-clavieuiar joint and is confined to the 
neck. Tile left (a. carotis communis sinistra) springs from tlie highest part df 
the areli of tlie aorta to the left of and on a plane posterior to tlie innominate 
artery, and therefore consists of a thoraeio and a cervical portion. 

The thoracic portion of the left common carotid artery ascends from 
the arch of the aorta tliwugli the supeiior mediastinum to the level of the 
loft sterno-clavicular joint, where it is continuous with the cervical jiortion. 

Relations.—it is separated iiom the first piece of the sternum by the 
tStcrno-liyoid and Sterrio-thyroid muscles, the anterior portions of the left pleura 
and lung, the left innominate vein, and the remains <if the thymus gland ; behind, 
it lies oil the trachea, ecsophagus, left recuirreiit laryngeal nerve, and thoracic duct. 
To its riffld side below is tlie iiinoininate artery, and above, the trachea, the 
inferior thyroid veins, and tin* remains of the iliymus gland ; to its left side are the 
left pneninogastric and phrenic nerves, left pleura, and lung. The left subclavian 
artery is posterior and slightly (*xtennd to it. 

The cervical portions of the two common carotids resemble each other 
so closely, that one dc.serijition w ill n])ply to lioth (fin. 5T4). Each vessel passes 
obli({U(>ly U])wards, from beliiiid the sterno-clavicular articulation, to the level 
of the upper border of the thyroid cartilage, opposite the lower border of the 
third cervical vertebra, where it divides into the external and internal 
carotid arteries. 

At the lowcM' })art of the neede tlu' two <-ommon carotid arteries arc separated 
from each other by a very small interval, which contains ilic trachea; hut 
at tlie ujipci- part, the tliju’oid body, the laiynx and pharynx project forwards 
between the two vessels, and give them the appeai’ance oi being ])lace(l farther 
back in this situation. The (mmmoii carotid artery is contained in a sheath, 
which is d(‘rived from tlie de(‘[) cervical fascia and encloses also the internal 
jugular vein and pneumogastric nerve, the vein lying on the outer side of the 
artery, and tlie nerve hetw'cen the arteiy and vein, on a plane posterior to both. 
On ojHrlitig the sheath, these thnie structures are seen to be s(‘|»arated from 
one another, eatdi being enclosed in a se]iarate iihrous investment. 

Relations. —At the low'cr part of the neck the common carotid artery is very 
deeply seated, being covered by the integument, superficial fascia, Platysma, and 
deep cei-vical IFaseia, the Steruo-mastoid, Sterno-hyoid, Stomo-thyroid and Omo¬ 
hyoid muscles ; in the upper part of its course it is more superficial, being covered 
merely by the integument, the superficial fascia, Platysma, deep cervical fascia, 
and inner margin of the Ktcrrio-mastoid. When the latter muscle is drawn 
backwards, the artery is seen to he contained in a triangular space, the carotid 
triangle, bounded behind by the Kterno-mastoid, above by the Stylo-hyoid and 
po.stcrior belly of the Digastric, and below by the anterior belly of the Omo¬ 
hyoid. This part of the artery is crossed obliquely, from within outwards, by 
the sterno-mastoid artery ; it is also crossed by the superior and middle thyroid 
veins which terminate in the internal jugular; descending on its sheath in 
front is the descendens hypoglossi nerve, this filament being joined by one 
or two brauclios from the cervical nerves, which cross the vessel from without 
inwards. Sometimes the descendens hypoglossi is contained within the sheath. 
The superior thyroid vein crosses the artery near its ferniination, and the middle 
thyroid vein a Utile below the level of the cricoid cartilage ; the anterior jugular 
vein crosses the artery just above the clavicle, but is separated from it by the 
Sterno-hyoid and Sterno-thyroid muscles. Behind, the artery is separated from 


tlie transyeise proceflses of the cervical vertebrae by the Longus colli and Rectus 
capitis anticus major, the sympathetic cord being interposed between it and the 
muscles. The recurrent laryngeal nerve and inferior thyroid artery cross behind 
the vessel at its lower part. IrAermlly, it is in relation with the oesophagus, trachea, 
and th 3 rroid gland (which overlaps it), the inferior thyroid artery and recurrent 
laryngeal nerve being interposed; higher up, with the larynx and pharynx. On 
its OJrfcr side are placed the internal jugular vein and pneuraogastric nerve. 


Fio. 674.—Suiierfioial dissection of the right side of the neck, 
shomng the carotid and sulwlavian arteries. 



At the lower part of the neck, the internal jugular vein on the right aide 
diverges from the artery, but on the left side it approaches it, and often overlaps 
its lower part. 


^ the posterior asjiect of the angle of bifurcation of the common carotid artery is a 
reddish-brown oval body, known as the carotid body. It is similar in structure to the 
ooc< 7 goal body, which is situated on the middle sacral artery. 

PmiUarities as to origin .—The right common carotid may arise above the upper border 
of the Bterao-clavicular articulation; this variation occurs in alxmt 12 per cent, of 
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caHM. In other oases the artery arises as a separate branch from the aroh of the aorta« 
or it may arise in conjunction with the loft carotid. The left common carotid varies in 
its origin more than the right. In the majority of abnormal oases it arises with the 
innominate artery, or, if the innominate artery is absent, the two carotids arise usually 
))y a single trunk. It is rarely joined with the left subclavian, except in cases of trans* 
po.sition of the arch. 

Peculiaritka as to prnnt of division. —^In the majority of abnormal oases, this occurs 
higher than usual, the artery dividing into two branches opposite the hyoid bone, or even 
higher; more rarely, it occur sbelow, opposite the middle of the larjmx, or the lower 
liorder of the cricoid cartilage ; and one case is related by Morgagni, where the common 
■carotid, only an inch and a half in length, divided at the root of the nock. Very rarely, 
the common carotid ascends in the neck -without any subdivision, either the external or the 
internal carotid being wanting; and in a few cases the common carotid has boon found 
to 1)0 absent, the external and internal carotids arising directly from the arch of the aorta. 
This pocubaiity oxisted on both sides in some instances, on one side in others. 

Ocrmional branches —The common carotid usually gives off no branch previous to 
its bifurcation ; but it occasionally gives origin to the sujH'rior thyroid or its laryngeal 
branch, the ascending pharyngeal, the inferior thyroid, or, more rarely, the vertebral artery. 

Hurfacp Marking .—The course ol the artery is indicated by a line drawn from the ujijJi'r 
port of the sternal end of the clavicle below, to a j)oint midway between the angle ot the 
jaw and the mastoid process above. The portion of this line bi-low tho level of the upper 
border of the thyroid cartilage represents the eourst- of the vessel. 

Apjtlied Anatomy .—xVneurysms arc not comiuonly met -with on the common carotid ; 
when they do occur they are usually situated low down at the root of the nock, or just 
lieloAv the point ol bifurcation of tho vesw-l. They do not frequently jissumo a largo size, 
and arc more commonly found on the right side. As tlu-y increase in size they displace 
the trachea and larynx, and thereloro d 3 aii)u<ea becomes a ])romincnt symptom. Dysphagia 
also may be iiresent from pressure'on the cusophagus, especially if the aneurysm is on 
the left side ; and pressure on the recurrent laryngeal nerve may [)roduce hoarseness and 
laryngeal cough. Pressure on the sympathetic will cause pujjillary changes—dilatation of 
tho pupil when tho sympathetic is irritated, contraction when it has become paralysed—and 
may also give rise to unilateral sweating, Pre.ss>ur<* on the suiK-rticial branches of the 
cervii-al plexus may give rise to jiain in tho hc.ad, face, and neck ; pressure on the vagus 
to irregular action of the heart and to asthmatic attacks. Jt is important to bear in 
mind that an enlargt-d gland in the superior carotid triangle, receiving a transmitted 
])ulsiition from the carotid artery, may simulate aneurysm of that vessel, but may bo 
distinguished from it by the character of tho pulsation, which is not distensile. 

Kmliolism of the left common c.arotid has la-en known to product aphasia by inter¬ 
ference w ith th(- blood supply of the brain. 

higital conipres'.inn of the common carotid is .sometimes required, and is Iwjst effected 
by compressing the vessel with the thumb against the .anterior tubercle of the 
transvetsc proce.ss of the sixth cervical vertebra (sec page 185). Ligature of the common 
carotid artery may bo necessary in a case of wound of that vessel or its branches, in 
aneurysm, or in a case of pulsating tumour of the orbit or skull. If the wound involves 
the trunk of the common carotid, it will Ix) necessary to tie tho artery above and below 
tin- wounded part. In cases of aneurysm, tho whole of the artery is accessible, and any 
oiirt may lie tied, except cIo.se to either end. When the case is such as to allow of a choice 
Ix-ing made, the lower jiart of the carotid should never be selected as the spot upon wdiich 
to phu-o a ligature, for not only is the artery in this situation placed very dei-ply in tho 
neck, but it is covered by three layers of muscles, (uid, on the left side, tho internal jugular 
vein, in the great majority of cases, passes obliquely in front of it. Neither should the 
upiier end be selected, for here the superior thyroid vein and its tributaries would give 
rise to very considerable difficulty in the application of a ligature. The part of the 
ve.ssel which is most favourabli- for the oficration is that op 2 )OsitL> tho level of tho cricoid 
cartilage. Tt occasionally liapiiens that tho carotid artery bifurcates below its usual 
jiosition ; if the artery be exposed at its jioint of bifurcation, both divisions of tho vessel 
should lie tied near their origin, in jireferonce to tying tho trunk rtf the artery near its 
termination ; and if, in consequence of the entire absence of tho common carotid, or 
from its early division, two arteries, the exic-rnnl and internal carotids, are mot with, tho 
ligature should be placed on that ■vessel which is founil on compression to be connected 
with tho diseased area. 

In this o])oration, the direction of the vessel and tho inner margin of the Kterno-mastoid 
are the chief guides to its performance. The patient should be 2 >laced on his bock with 
the head extended and turned slightly to tho n])posite side: an incision is to be made, 
three inches long, in the direction of tho anterior border of the Sterno-mastoid, so that 
the centra oorrespouds to tho level of tho cricoid cartilage. After dividing the integument, 
suporfioial fascia, and Platysma, the deep fascia must 1 k) cut through on a director, so as 
to avoid wounding numerous small veins that are usually found beneath. The head may 
now bo brought forwards so as to relax tho parts somewhat, and the maigins of tho wound 
hold asunder by retractors. The doscendens hypoglossi nerve may now be exposed, and 
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must be avoided, and the sheath of the vessel having been raised by forceps, is to be 
opened to a small extent over the artery at its inner side. The internal jugular vein 
may present itself alternately distended and relaxed ; this should lie compressed both 
above and below, and dra^vn outwards, in order to facilitate the operation. Tlie aneurysm 
needle is passed from the outside, care being taken to keep the needle in close contact with 
the artery, and thus avoid the risk of injuring the internal jugular vein, or including the 
vagus nerro. B<‘foio the ligature is tied, it should be ascertained that nothing but the 
artery is included in it. 

ingalvre of the common carotid at the lower pirt of the neck .—This operation is some¬ 
times required in cases of aneurysm of the ujjper part of the carotid, especially if the 
sac is of large size. It is best performed by dividing the sternal origiix of the Sterno- 
ma-stoid muscle, but may be done in some cases, if the aneurysm is not of very large size, 
by an incision along the anterior border of the Sterno-mostoid, extending down to the 
sterno-clavicular articulation, and by then rclracling the muscle. 1’lie easiest and best 
plan, how'cvi‘.r, is lo make an incision two or three inches long down Iho lower part of 
the anterior border of the Sterno-mastoid muscle to the stcrno-clavicular joint, and a 
second incision, starting from the termination of the first, along the upper border of the 
clavicle for about two inches. This incision is made through the supt'rlioial and deep 
fascim and the sternal origin of the muscle is exposed. 'J'his is to be divided on a diivctor 
and turned up, with the sujjerficial stnictures, .“is a triangular flap. Some loose connective 
tissue is to bo divided or torn through, and the outer holder of the Sterno-hyoid muscle 
exposed. In doing this, care must be taken not to wound the anterior jugular vein, 
which crosses the musclo to reach the external jugular or sula-laviaii vein. 'J’lie Sterno¬ 
hyoid and Stcrno-thjToid are to he drawn inwards l)y means of a retractor, and the 
sheath of the vessel I'xposcd. 'J’Jiis must Iki opened with great care on ifs iimcr or 
tracheal side, so as to avoid the internal jugular vein. This is especially net'cssary on 
the left side, whore the artery is commonly avc‘rlap])cd by the vein, thi the right side 
there is usually an interval between the artery and flic vein, and Iho risk of wounding 
llio vein is less. 

The common carotid artery, being a long vc.s.scl without any branches, is particularly 
suitable for the jMirformancc! of Itrasdor's o(K‘ration for the cure' of an aneurysm of (he 
low'cr j)u,rt of tlie vessel. Itrasdor's ])roccdiiro consists in ligaturing the artery on tlie 
distal side of the- aneurysm, and in the case of tin* common carotid tluu’C! iiri- no branclics 
given off from tin* ves.scl Indween tlie aneurism and the site of llio ligatiiit'; hence thetlow 
of blood tlirougli the sac of the aneurysm is diminished, and euro takes place, in the usual 
way by the doj) 0 .sit of Jaminated fibrin. 

Crdlateral Cirrnhifion .—After ligature of the eommoii carotid, the collateral circidation 
can be perfectly c.slabli.shod, by the free communication which exists botwoeii tlie carotid 
arteries of opposiUi sides, botli without and within the cranium, and by enlargement of 
the branches of the sulwlaviaii artery on the side corresfionding to that on w'hieli tlie vessel 
has been tied. TJie ehief ooramiinicationB outside tlw skull take place between tlu'. .superior 
and inferior tbjToid arteries, and the profiiiida eorvicis and artcria prinecjis eervieis of the 
occipital; the vertebral takes the place of the internal carotkl within the cranium. 

External Carotid Artery 

The external carotid artery (a. carotis oxtenia) (fig. 574) oonnumices 
opposite the uiiper border of the thyroid earlilage, and, taking a sliglitly 
curved course, passes upwards and forwards, and tlien inclines biK-kwaixls 
to tlie space beliind the neck of tlie mandible, where it divides into the super¬ 
ficial temporal and internal maxillaiy arteries. It rapidly diminisbes in size 
in its course up the neck, owing to the number and large size of tlic branches 
given off from it. In the child, it is somewhat smaller than the internal 
carotid ; but in the adult, the two vessels arc of nearly equal size. At its 
origin, this artery is more superficial, and jilaced nearer the middle line tlian 
the internal carotid, and is contained within the carotid triangle. 

Eelations.—The external carotid artery is covered hjf the skin, supm-ficial 
fascia, Platysina, deep fascia, and anterior inargm of the Sterno-mastoid; it is 
crossed by thc^ livpoglossal nenai, by tlic lingual, ranine, facial, and superior thyroid 
veins; and by the Digastric and Stylo-hyoid muscles; higher up it pa-sses deeply 
into the substance of the parotid gland, whore it lies beneath the facial nerve and 
the jmiction of the temporal and internal maxillary veins. Internally are the hyoid 
bone, the w'all of the pharynx, the superior laryngeal nerve, and a portion of the 
parotid gland. Externally, in the lower jiart of its course, is the internal carotid 
artery. Behind it, near its origin, is the superior laryngeal nerve ; and higher up, 
it is separated from the internal carotid by the Stylo-glossus and Stylo-pharyugeus 
muscles, the glosso-pharyngcal nerve, the pharyngeal branch' of the vagus, and 
part of the parotid gland. 
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Surface Marking .—The position of the external carotid artery may be marked out 
with Buifioient accuracy by a line drawn from the side of the cricoid cartilage to the 
front of the meatus of the external ear, arching the lino slightly forwards. 

Ajyplied Anatomy ,—The application of a ligatm'c to the external carotid may be 
required in cases of wound of this vessel, or of its branehes when these cannot bo tied, and 
in some cases of pulsating tumours of the scalp or face. It is also done as a preliminary 
measure to excision of the maxilla. The operation is to be preferred to ligature of the 
common carotid, as it does not interfere with the cerebral circulation. The seat of election 
for ligature is Itetween the origins of the superior thyroid and lingual branches, about a 
finger’s breadth below the tip of the great cornu of the hyoid bone. To tie the vessel, an 
iiK'isjon is to lie mtule from the angle of the mandible to the upjjer Iwrder of the thyroid 
cartilage, and the su]x;rlicial tissues .and the deep fascia divided. The anterior border of the 
Stonio-mnstoid must bo retracted and the lower border of the parotid gland raised, so as to 
expose the tendon of the Digastric and the hypoglossal nerve, which cross the artery. The 
great diflficiulty in doing this is due to the plexus of veins derived from the superior thyroid 
and lingual vcins,\vliich overlie? the artery. 1 f necessary, tlusse must be ligatured and divided. 
Care must bo t<akcn not to mistake the llngua.1 and facial, when they arise by a common 
trunk, ns they sometimes do, for the external carotid. When the vessel is exposed, the 
needle is to be passed from u'ithout inwards, carefully avoiding the superior laryngeal nerve, 
Avhich lies in (dose ])ro.\iinity 1o the artery. 'I’hc circulation is at once re-established by 
the free coramiinicaf ion between most of the large branches of the artery (facial, lingual, 
aui)erior tliyroid. occipital) and the corresponding arteries of the opjmsito side, and by the 
amisfornosis of its branches with those of the internal carotid, and of the occipital with 
branches of the subclavian, &c. 

Bi!anche.s ok the Extehnal Oauotid Artehy 

The ext(‘rnal carotid artery gives off eight branches, which, for convenience 
of description, may be divided into four .sets. (See fig. 575.) 

AiUcrior. Poshrirtr. Ascending. Terminal. 

Superior thyroid. Occipital. Aacending Superficial temporal. 

Lingual. Posterior auricular, pharyngeal. Internal maxillary. 

Facial. 

1. The superior thyroid artery (a. thyreoidea superior) (fig. 574) arises 
from tin? extiTual carotid artery just below l.he level of the great cornu of the 
hyoid bone and terminates in the thyroid gland. 

Relations.—From its origin under the aiitcriov border of the Sterno-mastoid 
it run,s upwards and forwards for a short distance in 
the ciirotid triangle, wlime it is covered by the skin, 

Platysma, and fascia; ittlien arches downw.irds beneath 
the Omo-hyoid, Steruo-hyoid, and Sterno-tliyroid. To 
its inner side arc the Inferior constrictor of the pharynx 
and the (?xtcrual laryngeal nerve. 

Branches. — It distributes twigs to the adjacent 
muscles, and numerous branches to the. thyroid gland, 
anastomosing with its fellow of the opposite side, and 
with the inlerior tliyroid arteries. The branches to 
the gland arc generally two in number : one, the larger, 
suj) 2 »]ies principally the anterior surface of the gland; 
it courses along the inner border of the lateral lobe to 
the isthmus, in which it anastomoses with the corro- 
spoiidiug artery of the opposite side : a second branch 
descends on the posterior surface of the lateral lobe 
and anastomoses with the inferior thyroid artery. 

Besides tlie arteries distributed to the muscles and 
to tlie thyroid gland, the branches of the superior 
thyroid are : 

Infrahyoid. Superior laryngeal. 

Storno-raastoid. Crico-thyroid. 

The infrahyoid branch (ramus hyoideus) is small 
and runs along the lower border of the hyoid bone 
beneath the Thyro-hyoid muscle; after supplying the muscles connected to the 
hyoid bone, it forms .an arch, by anastomosing with the vessel of the opposite side. 


Fig. .575.—Plan of the 
liranchcs of the ex¬ 
ternal carotid 
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The Btenu>*inastoid branch (ramus stemocleidomastoideus) runs downwards 
and outwards across the sheath of the common carotid artery, and supplies the 
Sterno-mastoid and neighbouring muscles and integument. There is frequently a 
separate branch from the external carotid distributed to the Sterno-mastoid. 

The superior laryngeal^a. laryugea superior), larger than cither of tlie preceding, 
accompanies the internal laryngeal nerve, beneath the Thyro-hyoid muscle; it 
pierces the thyro-hyoid membrane, and supplies the muscles, mucous membrane, 
and glands of "the larrax, anastomosing witli the branch from the opposite side. 

The crico-thyroid branch (ramus cricothyieoidcus) is small and runs trans¬ 
versely across the crico-thyroid membrane, communicating with the artery of the 
opposite side. 

AjtplM Anatiimy. —TTie snpTior thyroid, oj' one of its branches, is often divided in 
cases of cut tljroat. giving rise to con8idc!ral)le h.vmorrhuge. Jti siicii cases, the artery 
should be serurod, the wound being enlarged for that purpose, if necessary. The operation 
may easily jKsrformed, the artery being very superlieial, and the only structures of 
importmiee covering it being a feu' small ^eins. The oiicration of tying the superior 
thyi'oid artery in bronehoeelo has l>ecn jx-rfoimcd, l)ut the collateral cimilation between 
' this vessel and the lirtcry of the opposite side, and the inferior thyroid, is so free that the 
operation has bot>n given up, esjiccially as ln'tter resuHs arc obtained by other means. 

The position of the stemo-mastoid branch is of importance in eoniicetion until the 
opcralion of ligature of the common carotid artery. It <Tosses and lies on the sheath of 
this vessel and may chance to be uounded in opening the sheath. The position of the 
orieo-thjToid braneli should be remembered, as it may ])rovo the source of troublesome 
htemorrliage during the ojieration of laryngotomj'. 

2. The ling'ual artery (a. lingualis) (fig. .580) arises from the external 
carotid between the superior tliyroid and facial; it first runs obliquely 
upAVfirds and inw.'irds to the groat cornu of the liyoid bone ; it tlieri curves 
downwards and forwards, forming a loo]) whieli is crossed by the hypoglossal 
nerve, and passing beneath the Digastric and iSlyJo-hyoid inu.scles it runs 
horizontally forwards, beneatli the Hyo-glossus, and finally, ascending almost 
perpendicularly to the tongue, turns forwards on its lower surface as far as 
the tip, under the name of the ranine arkry. 

Relations.—Its first, or olilique, portion is superficial, being contained w'ithin 
the carotid triangle; it rests upon the Middle constrictor of the pharynx, and is 
covered by the Platysnifi and the fascia of the neck. Its second, or enrved, 
portion also lies upon the Middle coustiictor, being covered at first by the tendon 
of the Digastric and by the Stylo-hyoid muscle, and afterwards by the Hyo-glossus, 
Its third, or horizontal, portion lies Ixitween the Hyo-glossus atid Oenio-hyo- 
glossus mu-sclos. The fourth, or terminal, part, under the name of the ranine, 
runs along the, under surface of the tojigue to its tip : lu^re it is very superficial, 
bciug covered only by the mucous mcmbrauc; above it is the Liugualis inferior, 
and on the inner side the (lenio-hvo-glossus. The hypoglossal nerve cross(i8 
the first i)art of the lingual artery, but is separated from the second part by the 
Hyo-glo.ssuB. 

The branches of the lingual artery are : 

• 

Suprahyoid. Sublingual. 

Dorsales linguae. Ranine, 

The suprahyoid (ramus hyoideus) runs along the upper border of the hyoid 
boue, supplying the muscles attached to it and anastomosing with its fellow of the 
opposite side. 

The dorsales linguae consist usually of two or three small branches which 
arise beneath the Ilyo-glossus muscle; they ascend to the back part of the 
dorsum of the tongue, and supply the mucous membrane in this situation, the 
tonsil, soft palate, and epiglottis ; anastr»mo8ing with the vessels of the opposite 

aide. 

The sublingual (a. sublingualis) arises at the anterior margin of the Hyo-glossus 
muscle, and runs forward between the Genio-hyo-glossus and Mylo-hyoid to the 
sublingual gland. It supplies the substance of the gland, giving branches to the 
Mylo-hyoid and neighbouring muscles, and to the mucous membrane of the mouth 
and gums. One branch runs behind the alveolar process of the mandible in the 
substance of the gum to anastomose with a similar artery from tlie other side. 
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TLft ranine (a. profunda linguee) is the terpninal portion of tlie lingual artery; 
it pursues a tortuous course and runs along the under surface of the tongue, below 
the Inferior lingualis, and above the mucous membrane; it lies on the outer 
side of the Gciiio-hyo-glossus, accompanied by the lingual nerve. On arriving 
at the tip of the tongue, it has been said to anastomose with the artery of the 
opposite side ; but tliis is denied by Hyrtl. In the mouth, these vessels are placed 
one on either side of the frasnulura. 

Applied Anatomy .—The lingual artery may bo divided near its origin in cases of cut 
throat, a complication that not infrequently happens in wounds of this class ; or severe 
hiemorrhago, which cannot bo restrained by ordinary means, may ensue from a wound, 
or deej) ulcer, of the tongue. In the former ease, the primary wound may be enlarged 
if necessary, and the bleeding vessel secured. In tli<* latter case, it has been suggested 
that the lingual artery should b(! tied near its origin. Ligature of the lingual artery has 
boon also occasionally pnictised, as a palliative mea.sure, in cases of cancer of the tongue, 
in order to check the progress of the disease by starring the growth, and it is sometimes 
tied fi.s a preliminary mcasun; to removal of the tongue. I’hc ofwration is a difficult one 
on account of the dcjrth' of the artery, the numlmr of important parts by which it is 
.surrmmdod, die loose and yielding nature of 'he parts upon wJiich it is supported, and 
its ocea,sionnl iiTegularity of origin. An ineision is to be made in a enrved direction 
frojn a finger’s breadth extt>rnal to the symi)hysis of the jaw downwanls to the cornu of 
the liyoid bone, and tiieu upwards to lu'ar the angle of tlu! j:iw. dare must l>o token not 
to cany lliis incision too far haeku’ards, for htar of endangering tlie facial vein. In the 
first, incision the skin, siiperficiiil fascia, and Platysma will he divided, and thedeop fasci.a 
c.xposed. This is then to Ihi incised aiwl tlu' suhinaxillary gland exposed and pulled 
U])vvards by retrfwtor.s. A triangul.ar s]»are is now seen, bounded internally by the posterior 
border of the Jlylo-hyoid muscle ; below and oxt<'rnally, by the Umdon of the Digastric ; 
and ahov(s by flto hypoglossal nerve. 'Fhc floor of the s[)ace is formed by tlie Dyo-glossus 
muscli!, Ixaieath MJii<-h the artery lies. The jiarts are l(» be drawn forwards by a blunt 
hook inserted beneath tlu! tendon of tlie 7tiga.stvic irui.scle. and the fibres of the Hyo- 
glossus cut. through horizont.idly just. ah()\<j the Digastric. The vess<il will then bo 
c.\])oscd ; and in passing tiu! aneurysm needle, Oiirc must be liikcn not to open the pharynx. 
The hypoglossal nerve must .also be avoided. 

I’roubhssomo haniiorrhiigo may occur in the division of the frseniilum lingiimin children, 
if tlio ranine arteries, which lie one on either side of it, bo wounded. The o})cration should 
always be iierfornicd with a pair of blunt-pointed scissors, and only the mucous membi-ano 
di\id(-d by a very sii|K'rlieial cut. nhich eaunot endanger any ^cssel. Any further 
liberation of llio tongue wliich may bo necessary can he idfectcd by tearing. 


:l The facial or external maxillary artery (a. maxillari.s externa) 
(fig. hTb) ariHe.s a little above the lingual, ami passes obliquely upwards, 
beneath the Digastric and Sl-ylo-lvyoid muscles, and frequmitly beneath the 
^hypoglossal nerve, and runs forwards under cover of the body of the mandible, 
lodged in a groove on the posterior surface of the submaxillaiy gland ; this 
may be called the ccrvitml part of the artery. It then curves upwards over 
the body of the mandible at the antero-inferior angle of the Masseter muscle ; 
passes forwards and tipwards acros.s the cheek to the angle of the mouth, 
then upwards along f.he side of the nose, and terminates at the inner 
canthus of the eye, under the name of tire angular artery. This vessel, 
both in the neck and on the face, is remarkably tortuous : in the former 
situation, to accommodate itself to the movements of the pharynx in degluti¬ 
tion ; and in the latter, to the movements of the mandible, lips, and cheeks. 

Belations .—In the neck, its origin is superficial, being covered by the integu¬ 
ment, Platysma, and fascia ; it then passes beneath the Digastric and Stylo-hyoid 
muscles, and part of the submaxillary gland. It lies upon the Middle constrictor 
of the ph.arynx, and is separated from the Stylo-glossus and Ilyo-glossus by a 
portion of the submaxillary gland. On the face, where it passes over the body 
of the mandible, it is comparatively superficial, lying immediately beneath the 
Platysma, In this situation its pulsation may be distmctly felt, and compression 
of the vessel against the bone can be eflcctually made. In its course over the 
face, it is covered by the integument, the fat of the cheek, and, near the angle 
of the mouth, by the Platysma, Risorius, and Zygomatici muscles. It rests on the 
Buccinator, the Levator anguli oris, and the Levator labii superioris (sometimes 
piercing or passing under this last muscle). The facial vein lies to the outer side 
of the artery, and takes a more direct course across the face, where it is separated 
from the artery by a considerable interval. In the neck it lies superficial to the 
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artery. The branches of the facial nerve cross the artery, and the infra-orbital 
nerve lies bevieatl\ it. 

The branches of the facial artery may be divided into two sets ; those 
given off below the mandible (cervical), and those on the face (facial). 


Cervical Branches. 
Ascending palatine. 
Tonsillar. 
Submaxillary. 
Submental. 
Muscular. 


Facial Branches. 
Inferior labial. 
Inferior coronary. 
Superior coronary, 
Lateral nasal. 
Angular. 

Mu.scular. 


I’lie ascending palatine (a. j)alatiiia fisccndeus) (fig. 580) ])asses up between 
the Stylo-glossus and Stylo-pharvngcns to the oiittu side of the pharynx, along 


Fro. 576.—The arteries of the face anti scalp.* 



which it is contituied between the Superior constrictor and the Internal pterygoid 
to near the base ol the skull. It divides, Jicar the Levator jjalati, into two branches : 
one follows the course of the Levator palati, and, winding over the upper border 
of the Sixperior ccxjustrictor, snjxplies the soft palate and the palatine glands, 
anastomosing with its fellow of the ojxposilo side and with the posterior palatine 
br.inch of the internal maxillary artery; the other juerxjcs the Superior constrictor 
and supplie.s the tonsil and Kustachiau tube, anastomosing with the tonsillar and 
ascending pharyngeal arteries. 

* The muscular ti.ssue of Uie lips must be supposed to have been cut away, in order to show 
the course of the coronary avtcric.s. 
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The tonsillar branch (ramus tonsillaiis) 580) ascends between the Internal 
pterygoid and Stylo-glossus, and then along the side of the pharynx, perforating the 
bupenor constrictor, to ramify in the substance of the tonsil and root of the tongue. 

Tlie submaxillary or glandular branches (rami glandulares) consist of three 
or four large vessels, w^hich supply the submaxillary gland, some being prolonged 
to the neighbouring muscles, lymphatic glands, and integument. 

The submental (a. subraentalis), the largest of the cci’vical branches, is given oli 
from the facial artery just as that vessel (juits the submaxillary gland : it runs 
forwards upon the Mylo-hyoid muscle, just below' the body of the mandible, and 
beneath tlie Digastric. After supplying the surrounding muscles, and anastomosing 
ivith the sublingual artery by branches which perforate the Mylo-hyoid muscle, it 
arrives at the symphygis raeiiti, where it turns over the border of the maudilile 
and divides into a superficial and a deoji branch. I'iic superficial branch 
passes between the integument and Dejircssor labii inferioris, supplies both, 
and anastomoses w'ith the inferior labial artery ; the deep brancli runs between the 
muscle and the bone, supplies the lip, and anastomoses wdth tlie inferior labial 
and mental art(ui(‘s. 

Tile inferior labial passc's beneath the Depressor aiiguli oris, to supjily tlie ■ 
muscles and iiilegumont of the low'cr lip, anastomosing with the inferior coronary 
and submental branches of the facial, and wWhthe mental branch of the inferior 
dental artery. 

The inferior coronary (a. lahiahs inferior) arises near the angle of the mouth ; 
it passes ujiwards and inw’ards beneath the Dcjiressov anguli oris, and, poiu'trating 
the Orbicularis oris muscle, riius in a tortuous cxiurse along the edge of the lower lip 
between this muscle and the mucous membrane, anastomosing W'ith the artery of 
the opposite shlo. It supplies the labial glands, the mucous membrane, and the 
muscles of the lower lip ; and anastomoses w'ith the inferior labial, and the mental 
branch of the inferior dental orterv. 

The superior coronary (a. labialis superior) is larger and more tortuous tlian 
the pre.ceding. Tt follows a similar course along the edge o! the upper lip, Iviiig 
between the mucous membrane and the Orbicularis oris, and anastomoses with the 
artery of the opjiositc side. Tt supplies the texiures of the ujiper li]), and gives 
on Ill its course two or thn'o vessels which ascend to the nose. (Jin*, named 
the 'inferior artenj of ihr septum, ramifies on the nasal septum as far as tlie point 
01 the nose ; anotJier, the artvri/ o f flic nia, supplies the ala of the nose. 

The lateral na.sal is derived from the facial, as that Aa'ssel ascends along tlie 
side of the, nose ; it supplies the ala and dorsum of t.he nose, anustomosing witli its 
fellow, and with the. nasal branch of the ophtlialinic, the inferior artery of tlie 
si'ptuni, the, artery of the ala, and the infra-orbital. 

The angular (a. angularis) is the terminalinii of the trunk of the facial : it 
ascends to the inner angle, of the orbit, imbedded in the filtres of the Levator labii 
.supenoi is alcque nasi, and amnnpanied by a large vein, tlie atiijular. It distributes 
braiK'hes on the cheek wliich auastornosi' with the infra-orbital, and, after supplying 
the lachrymal sa<- and DiTiicularis pulpebrariiiu inusiile, terminates by anastomosing 
with the nasal branch of the oplitliahuic urtorv'. 

The musculur, brunches (rami mu.se u la res) in the neck are distributed to 
tlie Internal jiterygoid and Stylo-liyoid, and on tlie face to the Massefer and 
JTuccinator. 

'The aiiastomosc.s of the facial artery are very numerous, not onlv with tlu‘ 
ye.ssel of the opposite side, but, in, the neck, witli the sublingual branch of the 
lingual; witli the a,sceuding pharyngeal ; with the jiostc'rior palatine branch of 
tly; internal maxillary, liy its inferior or ascending palatine and tonsillar branches ; 
on the face, with the lueiita] branch of the inferior dental as it emerges from the 
mental foramen: with the transverse faci.il branch of the superficial temporal; 
with the infra-orbital branch of the internal iiiaxillarv; and with the nasal 
branch of the ophthalmic. 

Peculiarities. —The facial artery not infrequently arises by a trunk common to it and 
tlie lingual. It varies in its size and in the extent to vvhieh it supplies the face, li 
occasionally terminates as the submental, and not infrequently extends only as high as 
the angle of the month or nose. The deficiency is then compensated for by cnlaigement of 
one of the neighbouring arteries. 

Applied Anatomy. —The passage of the facial artery over the body of the mandible 
would appear to afford a favourable position for the application of jirossiin^ in cases of 
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haemorrhage from the lips, the result either of an accidental wound or during an operation j 
but its application is useless, except for a very short lime, on account of the free 
communication of this vessel with its fellow, and with numerous branches from different 
sources. In a wound involvinjg the lip, it is better to seize the part between the fingers, 
and evert it, wlicn the bleeding vessel may Ixj at once secured with pressure-forceps. 
In order to prevent haemorrhage in cases of removal of growths from the part, the lip 
should })o compressed on either side between the fingers and thumb, or by a pair of 
specially devised (damp-forceps, while the surgeon excises the diseased jMirt. In order 
to stop InemorrJiage when the lip has been divided in an operation, it is ne(!essary. in 
uniting the edges of the wound, to pass the sutures through the cut edges, ulmo.st as deep 
as its mucous surface ; by these means, not only are the cut surfaces more neatly and 
securely adapted to caeli other, but the possibility of haemorrhage is pi'cventod by 
including in the suture llu! divided artery. If, on the contrary, the suture be passed 
through merely Iho cut.-UKfous portion of tlie wound, hmmorrhage occurs into the cavity of 
the mouth. The student slioidd. laslly, observe the ix'latioii of the angular artery to the 
lachrymal sac ; as tlie. vessel passes up along the imier margin of the orbit, it ascends on 
the nasal side of the sac. In operating for fistula loerimalis, the sac should always bo 
opened on its outc'i- side, hi order tliat lliis vesse;! may la* avoided. 

4. TJif! occipital artery (a. oeeipif alis) (fig. 576) arises from tlie posterior 
jiart of th('- external carotid, ojiposite the facial, near tlie lower margin of 
the posterior belly of tlie Digastric, and (eniiinate.s in tJie posterior part of the 
scalp. 

Belations.—At its origin, it is covered by the po-sterior belly of the Digastric 
and Rtylo-hyoid, and the hypoglossal nerve winds around itlroiu behind forwards ; 
higher iqi, it crosses the iiiteriial carotid artery, the internal jugular vein, and the 
pnouinogasiric and spinal accessory nerves. It ne.xt ascends to the interval between 
the transverse ])rocess of the atlas and the mastoid process of the temporal bone, 
and passes horizontally Inudcwards, grooving the siirfiiee of tin' latter bone, being 
covered by the Sterno-niastoid, Splenins, I'raehelo-niastoid, and Digastric muscles, 
and resting upon the Rectus lateralis, the Sujierior ohJiipie, and ('om}»lexiis 
muscles. It then changes its course and runs vertically u))\vards. jncrccs tin' fascia 
connecting the cranial attachment of tlu! Trapezius with tlie Slenio-niastoid, and 
ascends in a tortuous course in the superficial fascia of tlic seal]), where it 
divides into numerous hraiiches, which reach as high as the vertex of the skull 
and anastomose wdtli the posterior auricular and siiperJicial tt'tiiporal arteries. Its 
terminal iiortion is accoiiipanied bv the great occijiital nerve. 

The branches of the occipital artery arc : 

Muscular. SterDo-mastoid. Auricular. 

Meningeal. Arteria princops cervicis. 

The muscular branches (rami muscularcs) supjily the Digastric, Stylo-hyoid, 
Spleuius, ajid Truchclo-mastoid. 

The sterno-mastoid branch (a. sternocloidomastoidea) is largo and constant, 
generally arising from the artery close to its commencement, but sonietinies spring¬ 
ing directly from the external carotid. It passes downw’ards and backwards over 
the hypoglossal nerve, and enters the substance of the muscle, in, company with the 
spinal accessory nerve. 

The auricular branch (ramus anricularis) sup{)li('s the back of the concha and 
frerpiently gives off a brunch, which enters the skull through the mastoid foramen 
and supplies the dura mater, the difiloo, and the mastoid cells. This branch 
sometimes arises from the occipital artery, and is Ihc'ii known as the mastoid branch. 

'J'hc meningeal branches (rami rnenh)gei) ascend with the internal jugular vein, 
and enter the skull through the jugular and posterior condyloid foramina, to supply 
the dura mater in the 2 )osterior fossa. 

The arteria princeps cervicis (ramus descendems) (fig. 580), the largest branch of 
the occipital, descends on the back of the. iieck, and divides into a superficial and 
deep portion. The, superficial portioai rims beneath the Splcnius, giving oft' branches 
which pierce that muscle to supply the Trapezius and anastomose with the super¬ 
ficial cervical branch of the traiisversalis colli: the deep portion passes beneath 
the Complexus, between it and the Seinispinalis colli, and anastomoses with branches 
from the vertebral and wdth the deep cervical artery, a branch of the superior 
intercostal. The anustomo.sis betw'cen these vessels assists in establishing the 
collateral circulation after ligature of the common carotid or subclavian artery. 
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The cranial branches of the occipital artery are distributed upon the occiput: 
they are very tortuous, aud lie between the integument and Occipito-frontalis, 
anastomosing with the artery of the opposite side and with the posterior auricular 
and temporal arteries. They supply the back part of the Occipito-frontalis muscle, 
the integument, and pericranium. 

6. The posterior auricular artery (a. auricularis posterior) (fig. 676) is 
small and arises from the external carotid, above the Digastric and Stylo¬ 
hyoid muscles, opposite the apex of the styloid process. It ascends, under 
cover of the parotid gland, on the styloid process of the temporal bone, 
to the groove between the cartUage of the ear and the mastoid prot;ess, 
immediately above Avhich it divides into its auricular and mastoid branches. 

Besides several small branches to the Digastric, Stylo-byoid, and Stemo- 
mastoid musclo.s, and to the parotid gland, this vessel gives off three branches : 

Stylo-mastoid. Auricular. Mastoid. 

The stylo>mastoid branch (a. styloma-stoidca) enters the stylo-mastoid foramen 
and sujjplies the tymp.niium, mastoid cells. aiiH semicircular canals. In the young 
subject a bvaneli froin this vess(‘l forms, with the tympanic bran(^h from the internal 
maxillary, a vascular circle, which surrounds the meinbran.i tympani, and from 
whicli delicate vess(ds ramify on that membrane. It aiastomoscs with the 
petrosal branch of the middle meningeal arterv by a twig which enters the hiatus 
Fallopii. 

The. auricular branch (ramus auricularis) ascends behind the ear, beneath the 
Retraliens auriculam muscle, aud is distributed to the l)ack part of the cartilage 
of the ear, upon which it ramifies minutely, some branches c.urving round the 
margin of the fibro-eartilagc, others perfoiating it, to supjdy the anterior surface. 
It anastomoses with the posterior branch and also with the anterior auricular 
branches of the superficial temporal. 

Tlie mastoid branch (ramus occipiialis) passes backwards, over the Sterno- 
niasfoid muscle, to tin- .scalp above aud beliind the car. Jt supplies the po.sterior 
belly of the Occipito-frontalis muscle and the scalj) in (his situation. It auasto- 
moses with tlie occipital artery. 

0. The ascending pharyngeal artery (a. pharyngea ascendens) (fig. 5S0), 
the sjuallcst branch of (he cx(omal carotid, is a long, slender vessel, decjvly 
seated in the nock, beneath the other branches of the external carotid and under 
the Stylo-phajyngcus muscle. I( arises from the back part of the extem.il 
carotid, near the commencement of that vessel, and ascends vertically between 
the internal carotid and the side of the jiharynx, to thi' under surface of 
the base of the skull, lying on the Rectus capitis anticus major. It ends 
by dividing mto branches which supply the jiharynx and soft palate. 

Its branches may be divided into five sets; 

Pharyngeal. Provertebral. 

Palatine. Tympanic. 

Meningeal. 

The pharyngeal branches (rami pharyngei) arc three or four in number. Two 
of these descend to supply the. Middle aud Inferior constrictors aud the Stylo- 
phnryrigeus, ramifying in their substance aud in the mucous membrane lining 
them. 

The palatine branch varies in size, and may take the place of the ascending 
palatine branch of the facial artery, wln-ii that vessel is small. It passes inw'urds 
upon the Superior constrictor, sends ramifications to the soft palate aud tonsil, and 
supplies a branch to the Eustachian tube. 

The prevertebral branches are numiirous small vessels, which supply the 
Recti capitis antici and Longi colU, the sympathetic, hypoglossal, and pneumo- 
gastric nerves, and the lymphat ic glauds; they anastomose with the a.scending 
cervical artery. 

The tympanic branch (a. tympanica inferior) is a small artery which passes 
through a minute foramen in the petrous portion of the temporal bone, in company 
with the tj’^mpanic branch of the glosso-pharyngeal nerve, to supply the luncr 
wall of the tympanum and anastomose with the other tympanic arteries. 
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The meningeal branches consist of several small vessels, which supply the 
dura mater. One, the ‘posterior meningeal (a. meniugea posterior), enters the 
cranium through the jugular foramen ; .‘i second passes through the foramen 
lacorum medium; and occasionally a third through the anterior condyloid foramen. 

Applied AncUomy .—The ascending ph<aryngeal artery lias boon wounded from tho 
throat; as in tlio cose in which the stem of a tobiwco-pipe W'as driven into tho vessel, 
causing fatal ha-morrhago. 

7. The superficial temporal artery (a. temporalis supcrficiaiis) (fig. 676), 
the smaller of the two terminal branches of the external carotid, appears, 
from its direction, to bo the continuation of that vessel. It commences in 
the substance of the parotid gland, behind the neck of the mandible, and 
crosses over the posterior rt>ot of tJie zygoma. It then passes beneath the 
Attrahens auriculain miisch', lyijig on tho temporal fascia, and divides, about 
tw'o inches above the zygo?Tiali(! arch, into two branches, an anterior and a 
posterior tcm 2 )ora]. 

Relations. —As it cros.scs the zygoma, it i.s covered by the Attralnsns auriculam 
muscle, and by a dense fascia : it is cro.sscd by the tcinporo-facjal division of tho 
facial nerv(! and one or two veins, and is accompanied by the auriculo-t('raj)oral 
nerve, whicli lies behind it. 

Beside^s some twigs to the iiarotid gland, to the tcmjjoro-mandihular joint, 
and to the Masseter muscle, its brandies are : 

Transverse facial. Anterior auricular. 

Middle temiioral. Anterior teinijoral. 

I’osterior temporal. 

The transverse facial (a. transversa faciei) is given off from the superlieial 
temporal before that vessel ejuits the ])aTotid gland ; running forwards through 
the substance of the gland, it passes transversely .across the side of tlie face, 
between Htenson’s duct and th(* lower border of the zygoma, and divides into 
numerous branches, which .supply the parotid gland, the Masseter muscle, and the 
integument, and anastoniosi' with the facial, masseteric, and infra-orbital arteries. 
This vessel rests on the Masseter, and is aecompauied by one or two hranches 
of the facial nerve. It is sometimes a branch of the external carotid. 

The middle temporal (a. temporalis media) arises immediately abovis the 
zygomatii' arch, and, perforating the temporal fascia, gives branches to the Temporal 
muscle, anastomosing with the d(*ep temporal branches of the internal maxillary. 
It oecasioiially gives off an orbital branch, wliicli runs along the u))per border of 
the zygoma, between the two layers of the temporal fascia, to the outer angle of the 
orbit. This branch, which may arise directly from the superficial temporal artery, 
supplies the. Orbicularis j)alpebraruui, and anastomoses with the lachrymal and 
palf)<*l)ral branclios of the ophthalmic artery. 

The anterior auricular branches (rami aiiricul.ires aiitcriorcs) are distribiitial 
to the anterior y)ortiou of Ihe pinna, the lobule, and part of the external me.atus, 
a/ia.stornosiijg with branches of the ])osteiior auricular. 

The anterior temporal (ramus frontalis) runs tortuously upwards and foiwards 
to the forehead, supplying the muscles, integument, and pericranium in this region, 
and anastomoses with the sujn a-urlutal and frontal arteries. 

The posterior temporal (ramus pario.t.alis), larger than the anterior, curves 
upwards and backwards aloirg the side of the head, lying superficial to the t(unporal 
fascia, atid anastomupfivs witli its fellow of the ojiposite side, and with the posterior 
auricular and occipital arteries. 

Applied AiifUjymy. —The temporal artery, as it crosses the zygoma, lies immediately 
bcincath the skin, and its i)ulsations may be readily felt during the administration of an 
amestlietic, or under oircunistances where the radial jmlse is not available ; or it may be 
easily i‘om|>re.ssed .-igaiiist (he bone in order to cheek bleeding from tho tomyioral region 
of tno scaljj. MUen a flaj) is raised from IhLs part of the head, as in the operation of 
trephining, tho incision should be shaped like a horse-shoe, with its convexity upw'ards, 
so that the flap shall contain the temporal artery, whioh ensures a sufiieiont supply of 
blood. The same principle is applied, as far as possible, in making incisions to raise 
flaps in other parts of the scalp. Formerly the operation of arteriotomy was per¬ 
formed upon this vessel in cases of inflammation of the eye or brain, but this operation 
is now olffiolete. 
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8. The internal maxillary artery (a. maxillaris interna) (fig. 677), the 
larger of the two terminal brandies of tbp external carotid, arises behind 
the neok of the mandible, and is at first imbedded in the substanoo of the 
parotid gland; it passes inwards between the ramus of the mandible and 
the internal-laicj'al ligament, and then upon the outer surface of the External 
pterygoid musdc to the spheno-inaxilla^ fossa to supply the deep structures i 
of the face. For convenience of description, it is divided into maxillary, ptery¬ 
goid, and spheno-maxillary portions. 

The jirnt or maxillmy porfiori, passes horizontally forwards and inwards, 
between the ramus of tlie mandible and the internal lateral ligament, where 


Fio. 577.—The internal maxillary artery, and its branches. 





Fie. .578.— Plan of the branches. 



it lies parallel to and a little below the auriculo-temporal nerve; it crosses 
tlie inferior dental nerve, and runs along the lower border of the External 
pterygoid. 

The second or ’pterygoid portion runs obliquely forwards and upwards 
under cover of the ramus of the inandiblcft bn the outer (very frequentlj’^ on 
the inner) surface of the External pterygoid ; it then passes between the two > 
lieods of orlmn of this muscle and entere the spheno-maxillary fossa. 

The third or sphcno-tmxillary portion lies in the spheno-rnaxillary fossa 
in relation with Meckel’s ganglion. 
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The branches of this vessel ?nay be divided into three groups (fig. 578), 
corresponding with its tliree divisions. 

Beawchbs of the First or Maxillary Portion 

Tympanic (anterior). Middle meningeal. 

Deep auricular. Small meningeal. 

Inferior dental. I _ 

The tympanic (a. tympanica anterior) i)aHses upw'ards behind the temporo¬ 
mandibular articulation, enters the tvmipanum through the Glaserian fissure, 
and ramifies upon the membrana tyinjtaiii, forming a vascular circle around 
the membrane with the stylo-mastoid branch of the posterior auricular, and 
anastomosing with th(i V'idian and with the tympanic branch from the internal 
carotid. 

The deep auricular (a. auricularis profunda) often arises in common with the 
preceding. Tt ascends in the substance of the parotid gland, behind the temporo¬ 
mandibular articulation, pierces the cartilaginous or bony wall of the external 
auditory meatus, and supplies its cuticular lining and the outer surface of the 
membrana tympani. It gives a branch to the teraporo-mandibular joint. 

The middle meningeal (a. mcningca media) is the largest of the branches which 
supply the dura mater. It ascimds between the internal lateral ligament and the 
External pterygoid muscle, and between the two roots of the aurioulo-temporal 
nerve to the foramen spinosum of the sphenoid bone, through wdiich it imters the 
cranium ; it then runs u})wards and forwards in a groove on the greater wing of the 
sphenoid bone, .and divides into two branches, anterior and postc-rior. The anterior 
branch, the larger, crosses the greater wing of the sphenoid, reaches the groove, or 
canal, in the antero-inferior angle of the parietal bone, and then divides into brandies 
which spread out between the dura mater and internal surface of the cranium, 
some passing upwards as far as the vertex, and others l)ackwai<ls to the occipital 
region. The posterior branch crosses the sciuamons portion of the* temporal, and 
on the inner surface of the parietal bomi divides into branches which supply the 
posterior part of the dura mater and cranium. The Itraiiches of this vessel are 
distributed partly to the dura mater, but chiefly to the bones ; tbey anastomose 
with the arteries of the opposite side, and with the anterior and posterior meningeal. 

The middle meningeal on enU-ring the cranium gives oil the following branches: 
1. Numerous small vessels which supply the Gasserian giuiglion and the dura mater in this 
situation. 2. A petrosal bran<;li (ramus petrosus supcrlicialis), which enters the hiatus 
Fallopii, supplies the facial nerve, and anastomoses with the stylo-mastoid brancli of the 
posterior auricular artery. .S. A mimile tyvipunir. branch {a. tympanica superior), which 
runs in the canul for the Tensor tympani muscle, an<l suj)plie8 this muschi and the fining 
membrane of the canal. 4. Orbital branches, which pass through tJie splienoidal fissure 
or through separate canals in the greater wing of the sphenoid, to anastomose with the 
lachrymal or other branches of tho ophthalmic artery. 5. Temporal or anastomotic. 
branches, which pass through foramina in the greater w'ing of the sphenoid, and anastomose 
in the temporal fossa with tlie dec]) temporal arteries. 

Applied Anatomy .—The middle meningeal is an artery of considerable surgical 
importfinco, as it may lie torn in fractures of the tempmil region of the skull, or, indeed, 
by injuries causing separation of the dura mater from the bone, without fracture. The 
injury may he followed by considerable hamorrhage between the bone and dura mater, 
which may j>r()duce compression of the brain, and require trephining b)r its relief. iVs 
the compression implicates the motor region of the cortex, paralysis on the opposite side 
of the body forms the jwominent symjitom of the lesion. The anterior branch of tliis 
artery crosses the antero-inferior angle of the parietal bone at a point ] I inch l)ehind 
the external angular process of the frontal bone, and inch above the zygoma (fig. 763). 
From this point it passes upwards and slightly backwards to the sagittal suture, lying about 
^ inch to '•} incli liehind the coronal suture. The posterior branch runs backwards over 
tho squamous iiortion of the temporal bone. In order to expose the anterior branch of 
the artery, a poiin is taken 1J inch above the zygoma and the same distance behind tluf 
external angular process of the frontal bone. Here tho pin of the trephine is to be applied. 
A horseshoe-sltaped flap, measuring three inches in length and transversely, and consisting 
of all the structures of the scalp down to the jxiricranium, is now to be made, with its 
base just above th<“ zygoma. This flap is reflected, the jxjricranium is turned back, and 
an ijttch trephine npjilied. After the crow'ii of bone has been removed, the blood-clot is 
exposed, and gently got rid of, and if possible the bleeding point must be found and 
controlled. 
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The sm^ meningeal (ramus mcuingeus accessorius) is sometimes derived from 
the preceding. It enters the skull through the foramen ovale, and supplies the 
Gasserian ganglion and dura mater. 

The inferior dental (a. alveolaris inferior) descends with the inferior dental 
nerve to the foramen on the iimer side of the ramus of the mandible. It runs along 
the dental canal in the substance, of the bone, accompanied by the nerve, and 
opposite the first bicuspid tooth divides into two branches, incisor and mental. 
The incisor branch is continued forwards beneath the incisor teeth as far as Uie 
symphysis raenti, where it anastomos<'s with the artery of the opposite side; the mental 
branch (a. mentalis) (iscapes with the iierv’^e at the. mental foramen,supplies the chin, 
and anastomoses with the submentiil, inferior labial, and inferior coronary arteries. 
Near its origin the inferior dental artery gives off a lingual branch, which de.scends 
with the lingual nerve and supplies the mucous membrane of the mouth. As the 
inferior dental artery enters the foramen, it gives off a nnjlo-hyoid branch (ramus 
mylohyoideus) which runs in the mylo-hyoid groov*;, and ramifies on the under 
surface of the Mylo-hyoid. The inferior dental artciw and its incisor branch 
during the,ir c!ours<i through the substance of the bone give off a few' twigs which 
are lost in the camiellous tissue, and a scries of branches which corrc.spond in number 
to the roots of the teeth : these enter the ndmitc apertures at the extremities of 
the fangs, and supply the jmlp of the te.eth. 


Bkanoiijss or the Second or Pterygoid Portion 

Deep temporal. Masseteric. 

Pterygoid. Buccal. ■. ' . 

The deep temporal branches, two in uuniher, anterior (a. temporalis profunda 
anterior) and posterior (a. tem])oraIis profunda ])osterior), ascend between the 
Temporal muscle and the pericranium ; they supply the muscle, and anastomose 
with the middle temporal artery ; the anterior communicates with the lachrymal 
by means of small branches which perforate the malar bone and greater wing of 
rhe sphenoid. 

The pterygoid branches (rami ptcrygoidoi), irregular in their number and origin, 
supjdy the Ptisrygoid muscles. 

'J'he masseteric (a. masset(>rica) is a small branch which })asses outwards, above 
the sigmoid notch of the mandible, to the deep .«urlace of the Masseter. It supplies 
the muscle, and iuiastonioses with the. masseteric branches of the facial and with 
the transverse facial artery. 

The buccal (a. buccinatoria) is a small branch which runs obliquely forw'ards, 
between the Internal pterygoid and the ramus of the jaw, to the outer surface 
of the Buccinator, to which it is distributed, anastomosing with branches of the 
f.icial artery. 


Branches of the Third or Srheno-maxildary Portion 


' “ Alv(!olar,, 
Infra-orbital. 
Descending palatine. 


^’idian. 

Ptorygo-palatine. 

Naso- or Splieno-palatine. 


The. alveolar or posterior dental (a. alveolaris superior posterior) is given off 
from the internal maxillaiy, freyue.iitly in conjunction with the infra-orbital just 
as the trunk of the vessel is passing into the spheno-muxillary fossa. Descending 
upon the tuberosity of the maxilla, it divides into numerous branches, some 
of which enter the posterior dental canals, to supply the molar and bicuspid teeth 
and the lining of the antrum, while others are continued forw'ards on the alveolar 
process to supply the gums. 

The inira-orbital (a. infraorhitalis) appears, from its direction, to be the 
continuation of the trunk of the internal maxillary, but often arises from that 
vessel in conjunction with the preceding branch. It runs along the infra-orhital 
canal with the superior maxillary nerve, and emerges on the face through the 
iiifra-orbital foramen, beneath the Levator labii superioris. While in the canal, 
it gives off (a) branches which ascend into the orbit, and assist in supplying the 
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Inferior rectus and Inferior oblique muscles and the lachrymal gland, and {&) arderior 
dental branches (aa. alveol. superiores antcriores) which descend through the anterior 
dental canals in the bone to supply the mucous membrane of the antrum and the 
front teeth of the maxilla. On the face, some branches pass upwards to the inner 
angle of the orbit and the lachrymal sac, anastomosing with the angular branch 
of the facial artery ; others run inw'ards towards the nose, anastomosing with the 
nasal branch of the ophthalmic; and others descend beneath the Levator labii 
siqjcrioris and anastomose with the transverse facial and buccal arteries. 

The four remaining branches arise from that portion of the internal maxillary 
which is contained in the splnuio-maxillary fossa. 

The descending palatine (a. palatina doscendens) desceiids through the post(jrior 
palatine canal w'ith the anterior palatine branch of Meckel’s ganglion, and, 
emerging from the j»os<erior jialatine foramen, runs forwards in a groove on the 
inner side of the alveolar border of the hard palate, to the, anterior palatine canal. 
The terminal branch of the artery passes upwards through the foramen of Stenson 
to anastomose w'ith the naso-palatine artery. Branches arc distributed to the 
gums, the mucous membrane of the hard palate, and th(i palatine glands. In 
the palatme canal it gives off branches which descend in fhe accessory palatine 
canals to supply the soft palate', and toiLsil. anastomosing with the ascending 
palatine artery. 

A'fiplmt Analimui. —'I’lie position of the (h'seending palatine artery on the hard palate 
should l)e borne in mind in performing an <)y)eralion for the closure of a cleft in the hard 
palate, as it is in danger of being wounded, and may give I'ise. to formidulil(s luemorrhage ; 
it has even been found necessary tr» plug the jtosti'rior ]>alatiiie canal in order to arrest the 
bleeding. 

The, Vidian (a. eanalis plerygoidei) passes backwards along the Vidian raiial 
with the Vidian nerve. It is dislrilmted to the upper part of llie pharynx 
and to the Eustachian tnbe, sending into the tyinpatium a snuill branch which 
anastomoses with the other tympanic arteries. 

The pterygo-palatine, a very sjnall branch, runs backwards through the ])tcrvgo- 
palatiiie canal with the pharyngeal jicrvc, and is distributed to the upper ])art of 
the pliaiynx aud to the Eustachian tube. 

The spheno-palatine (a. sphenopalafijia) pass(',s through the splieiio-palatiue 
hmmicn into the cavity of the nose, at the back part of the. superior meatus, and 
divides into several branches. One, tlie. naso-jialatinc, courses obliquely downwards 
and forwards along the septum nasi, supplies the mucous membrane, and anasto¬ 
moses in front with the terminal branch of th(^ descending palatme ; the, otlujr 
branches, two or three in number, are distributed to the lateral wall of the nose, 
the antrum, and the ethmoidal and sj)henoidal cells. 


The TaiAKdLES oi-’ the Neck (fig. 579) 

The student having considered the relative anatomy of the large arteries 
of the neck and their branches, and the relations they bear to the veins and 
nerves, should now examine these structures colleetively_, as they present 
themselves in certain regions of the neck, in each of which important operations 
ar(' constantly being performed. 

The side of the neck presents a somewhat quadiilateral outline, limited, 
above, by the low-er border of the body of the mandible, and an imaginary line 
extending from the angle of the mandible to the mastoid process ; below, by the 
I>ronunent upper border of the clavicle ; in front, by the middle line of the 
neck ; behind, by the anterior margin of the Trapezius muscle. This space 
is subdivided into two largo triangles by the Sterno-mastoid muscle, which 
passes obli(juely across the neck, from the sterauin and clavicle below, to the 
mastoid proce.ss and occipital bone above. The triangular space in front of 
this muscle is called the anterior triangle ; and that behind it, the posterior 
triangle. 

Anterior Tkianolb of the Neck 

Tfie anterior triangle is bounded, in front, by a line extending* from 
the symphysis menti to the sternum ; behind, by the anterior margin of the 
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Sterno-mastoid; its base, directed upwards, is formed by the iower border 
of the body of the mandible, and a line extending from the angle of the 
mandible to the mastoid process; its apex is below, at the sternum. This 
space is subdivided into four smaller triangles by the Digastric muscle above, 
and the anterior belly of the Omo-hyoid below. These smaller triangles are 
named the inferior carotid, the superior carotid, the submaxillary, and the 
supra-hyoid triangles. 

The inferior carotid, or Trnigmlar trianwlo- is b ounded ,„mJimt, by 
the median line of the neck from the hyoid bone to the sternum ; behind, 
by the anterior margin of the Stemo-mastoid ; by the anterior belly 

of the Omo-hyoid. It is jeQjojrcxkby the integument, superficial fascia, 
Platysma, and deep fascia; ramifying in which are some of the descend¬ 
ing branches of the superficial cervical plexus. Beneath these superficial 
structures are the Sterno-hyoid and Sterno-lhyroid muscles, which, together 
with the ant<;rior margin of the Sterno-mastoid, conceal the lower part of the 
common carotid artery.* This vessel is enclosed within its sheath, together 
with the internal jugular vein and pneumogastric nerve ; the vein lies on the 
(tutor side of the artery on the right side of the neck, but overlaps it below 


Fm. 579.—The triaiigltf of the nook. 



on the left side ;• the nerve lies between the artery and vein, on a plane 
posterior to both. la front of the sheijith..are a few filaments descending from 
the loop of communication between the descendens and eoramunicantes 
hypoglo8.si; behin^d the sheath are the inferior th 3 rroid artery, the recur¬ 
rent laryngeal nerve^arid tire sympathetic cord ; and on its inner side, the 
oesophagus, the trariliea, the thyroid gland—much more prominent in the 
female than in the male—and the lower jrart of the larynx. By cutting into 
the upper part of this space, and slightly displacing the Sterno-mastoid muscle, 
the common carotid artery may be tied below the Omo-hyoid muscle. 

The superior carotid, or carotid triang le, is bo unded, behind , by the 
Sterno-mastoid ; by thelinlmor’beiry of the Omo-hyoid ; and abov e. 

* Therefore the common carotid artery and intcnial jugular vein are not, strictly speiiking, 
contained in this triangle, since they are covered by the Stemo-masloid muscle; that is to say, 
they lie under that muscle, which forms the posterior border of the triangle. But us they lie 
veiy close to the structures whieh are rcjilly contained in the triangle, and whose position it is 
essential to remember in operating on this part of the artery, it‘is tjxpedient to study the 
relations of all these parts together. 
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by the Stylo-hyoid muscle and the posterior belly of the Digastric. Tt, jp) 
by the integument, superficial fascia, Platysma, and deep fascia; ramifying 
in which are brandies of the facial and superficial cervical nerves. Its 
floor isJpirmjcd. by parts of the Thyps-hyoid, Hy^lossus, and the Inferior 
and Middle constrictor muscles of the pharynx. This space when dissected 
is seen to contain the upper part of the common carotid artery, which bifur¬ 
cates opposite the upper border of the thyroid cartilage into the external 
and internal carotid. These vessels are somewhat concealed from view by 
the anterior margin of the Slerno-masloid muscle, which overlaps them. 
The external and internal carotids lie side by side, the external being the 
more anterior of the two. Tlio toUowiiig hr annhes nf the cxtern H,! carotid 
are also mot with in this space : the superior thyroid, running forwards and 
, downwards ; the lingual, directly forwards ; tJie facial, forwards and upwards; 
the occipital, backwards ; and the ascending pharyngeal, directly upwards 
on the inner side of the internal carotid. The. veujs met with are : the internal 
jugular, -which lies on the outer side of the common and internal carotid 
arteries ; and -vieijis corresponding to the above-mentioned branches of the 
('Xternal carotid—viz. the superior thyroid, the lingual, facial, ascending 
pharyngeal, and sometimes tlu' occijiital—all of which accomiiany theif corie- 
.sjionding arteries, and terminate in the internal jugular. The nerves in this 
siiaee are the following. In front of the sheath of the common carotid is the 
(h'seendens hypoglossi. 'I’lic hypoglossal nerve erosse.s both the internal and 
external carotids above, curving round the origin of the occipital artery. 
AVithin the sheath, between the artery and vein, and behind both, is the 
pneumogastrie nerve; behind the sheath, the sympathetic. On the outci- 
side of the vessels, the sjiinal accessory nerve runs for a short distance before 
it pierces the Stcrno-niastoid muscle ; and on the inner side of the external 
carotid, just below the hyoid bone, may be secui the internal laryngeal nerve ; 
and, still more infcriorly, the external laryngeal nerve. TJie ujiper iiortion 
of the larynx and lower portion of the pliarynx arc- also found in the front 
part of this space. 

The submaxillary or dig a fitn’c tr ia ngle corrt-sponds to the region of the 
neck immediately beneath the body of the mandible. It is bounded, above, 
by the lo-wer border of the body of the mandible, and a line drawn from its 
anghi to the mastoid process; ludOiV, by the jiosterior belly of the Digastric 
and Stylo-hyoid muscles ; in front, by the anterior belly of the Digastric. It is 
covered by the integument., superficial fascia, Platysma, and deep fascia : 
ramifying in w’hich arc branches of tire facial nerve and ascending filaments 
of the superfiei.al cervical nerve. Its floor is formed by the Mylo-hyoid. 
Hyo-glossus, and Superior constrictor of the pharynx. It is divided intc) an 
anterior and a posterior part by the stylo-mandibular ligament. The anterior 
part contains the submaxillary gland, superficial to which is the facial 
vein, wdiilc imbedded m the gland is the facial artery and its glandular 
branches ; beneath the gland, on the surfime of the Mylo-hyoid muscle, av<' 
the subiucntal artery and the mylo-hyoid artery and nerve. The posterior 
part of this triangle cxuitains the external carotid artery, ascending deejily 
in the substancse of the jiai’otid gland ; this v(fssel lies "here in front of, 
and superficial to, the internal carotid, being crossed by the facial nerve, 
and gives off in its course the ])osterior auricular', temporal, and internal 
maxillary branche.s: more deeply are the internal caxotid, the internal 
jugular vein, and the pncumogastric nerve, separated from the external 
carotid by the Stylo-glossus and tStylo-pliaryngeus muscles, and the glosso- 
phaiyngcal nerve,* 

The supra-hyoid triangle is limited behind by the anterior belly of 
the Digastric, m.Jj'Unt by the middle line of the neck between tlio 
symphysis inenli and the hyoid bone, bdow^by the body of the hyoid bone : 
its floor is formed by the Mylo-hyoid. It contains pne or two lymphatic 
glands and some small veins ; the"latter unite to form the anterior jugular 
vein. 

* The remark made about, tlie earotid tri<angle applies also l.o this one. The Structures 
enumerated as contained in its posterior j>art lie, strictly speaking, benoatli the muscles whicli 
form the po.sterior boundary of the triangle ; but as it is very important to bear in mind their 
close relation to the parotid gland, all these i)arts are .spoken of together. 
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PosTERiou Triangle or the Neck 

The posterior triangle is bounded, in front, by the Sterno-mastoid 
muscle; behind by the anterior margin of the Trapezius; its base corre¬ 
sponds to the middle third of the clavicle ; its apex, to the occiput. The space 
is crossed, about an inch above the clavicle, by the posterior belly of the 
Omo-liyoid, which divides it into two triangles, an upper or occipital, and a 
lower or subclavian. 

The occipital triangle, the larger division of the posterior triangle, is 
bounded, in front, by the Sterno-mastoid ; behind, by the Trapezius ; below, 
by the Onio-hyoid. Its floor is formed from above downwards by the Splenius 
capitis. Levator anguli scapul®, and the Middle and Posterior scaleiii. It is 
covered by the integument, the superficial and deep fasci®, and by the Platysma 
below*. The spinal accessory nerve is directed obliquely ticross the space from 
the Sterno-mastoid, which it pierces, to the under surface of the Trapezius ; 
below, the descending branches of tlie cervical ple.\us and the transversalis 
colli vessels and the ujtpcr part of the brachial plexus cross the space. A 
chain of lymphatic glands is also found running along the posterior border 
of tlie Sterno-mastoid, from the mastoid process to the root of the neck. 
Tliese glands are frequently enlarged and often require removal; when this 
is the case particular care must be taken not to divide the s])iual accessoi'v 
nei've. 

The subclavian triangle, tlie smaller division of the posterior triangle, 
is bounded, above, by the posterior belly of the Orno-hyoid ; below, by the 
clavicle; its biise is formed by the posterior border of the yterno-mastoid. Its 
floor is formed by tlu' first rib with the first digitation of the Serratus inagnus. 
The size t)f the subclavian tj-ianghs varies with the extent of attachment of 
the clavicular portions of the Kterno-mastoid and Trapezius, and also with 
the height at which the Ojiio-hyoid crosses the neck. Its height also vari(!S 
according to the position of the arm, being diminished by raising the limb, 
on account of the ascent of the clavicle, and increased by drawing the arm 
downwards, when that bone is deqwessed. This sp.ice is ('overed bythe integu¬ 
ment, the superficial and deep fascia* and tlu; Platysma, and crossed bj' the 
descending branches of the cervical plexus. Just above the level of the clavicle, 
the tliird portion of the subclavian artery- curves outwsirds and downwards 
fnnu the outer margin of the Kcalenus aiitieus. across the first rib, to tlie 
axilla, md this is the situation most eoimnonly chosen for ligaturing the 
\(*ssel. fSometimes tliis vess(*l rises as high as an inch and a half above tlie 
elaviele ; occasionally, it passes in front of th«- Scalenus anticus, or pierces 
the fibies of that muscle. The suhelaviin vein lies behind the clavicle, and 
is not usually scon in this sjiace ; hut in some eases it rises as high as the 
'U'tcry, and Las evi'ii been seen to jiass with that vessel behind the Scalenus 
.inticuB. The bracliial jilcxus of nerves lies abo\’e the ai'tery, and in close 
contact with it. Passing transversely behind the clavicle are the supra¬ 
scapular vessels ; and traversing its uppei* angle in the same direction, the 
transversalis colli artery and vein. The exlernal jugular vein runs vertically 
downw^ards beliind the posterior border of tins Sterno-mastoid, to terminate 
in the subclavian vein; it receives the transversalis colli and suprascapular 
veins, which form a plexus in front of the artery, and occasionally a small 
vein Avhicli crosses the clavicle from the cephalic. The small nerve to the 
Subclavius muscle also crosses this triangle about its middle, and some 
lymphatic glands arc usually found in the space. 

Internal Carotid Artery 

The internal carotid artery (a. carotis interna) (fig. 580) supplies the 
anterior part of the brain, the eye and its appendages, and sends branches lo 
the forehead and nose. Its size, in the adult, is equal to that of the external 
carotid, though, in the child, it is larger than that vessel. It is remarkable 
for the number of curvatures that it presents in ditTerent parts of its course. 
It occasionally has one or two flexures near the base of the skull, while in its 
passage through the carotid canal and along the side of the body of the 
sphenoid bone it describes a double curvature and resembles tlie italic letter S. 

T T 2 
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considering the course and relations of this vessel it may be 
> divided into four portions : cervical, petrous, cavernous, and cerebral. 

Cervical Portion. —This portion of the internal carotid commences at the 
bifnreation of the common carotid, opposite the upper border of the thyroid 
cartilage, and runs perpendicularly upwards, in front of the transverse processes 
«ff the upper three cervical yertebrse, to the carotid canal in the petrous portion 


Fig. 580.—^The interniil carotid and v^ertcbral arteries. Right side. 



of the temporal It is comparatively superficial at its commencement, where 

it is contained in the carotid triangle, and lies behind and to the outer side of 
the external carotid, overlapped by the Stemo-mastoid, and covered by the deep 
fascia, Platysma, and integument; it then passes beneath the parotid gland, 
being crossed by the hypoglossal nerve, the Digastric and Stylo-hyoid muscles, 
and the occipital and posterior auricular arteries. Higher up, it is separated 
from the external carotid by the Stylo-glossus and Stylo-pharyngeus muscles, 
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the tip of the styloid process and the stylo-hyoid ligament, the glosso-jphahm^ea:!, - 
nerve and the pharyngeal branch of the pneuinogastric. It is in relation, 
with the Rectus cap^ anticus major, the superior cervical ganglion of ,the 
sympathetic, and the superioi laryngetd nerve; externally, with the internal jiigulaJt , 
vein and pneumogastric nerve, the nerve lying on a plane posterior to the artei^ i 
internally, with the pharynx, tonsil, the superior laryngeal nerve, and ascending 
pharyngeal artery. At the base of the skull the giosso-pharyngeal, vagus, spinal 
accessory, and hypoglossal nerves lie between the artery and the internal jugular 
vein. 

Petrous Portion. —When the internal carotid artery enters the canal in the 
petrous portion of the temporal bone, it first ascends a short distance, then curves 
forwards and inwards, and again ascends as it leaves the canal to enter the cavity 
of the skull between the lingula and petrosal process of the sphenoid. The artery 
li(!s at first in fwmt of the cochlea and tympanic cavity; from the latter ca,vity 
it is separated by a thin, bony lamella, which is cribriform in the young subject, 
and often partly absorbed in old age. Farther forwards it is separated from 
the flasserian ganglion by a thin plate of bi ne, whicli forms the floor of the fossa 
for the ganglion and the roof of the horizontal portion of the canal. Frequently 
this bony plate is more or less deficient, and then the ganglion is separated from 
the artery l)y fibrous membrane. The artery is separated from the bony wall of 
the carotid canal by a prolongation of dura mater, and is surrounded by a number 
of small veins and by filaments of the carotid jdcxiis, derived from the ascending 
branch of the superior cerehial ganglion of the sympathetic. 

Cavernous Portion.—The internal carotid artery, in this part of its course, is 
situated between the layers of the dura mater forming the cavernous sinus, but 
covered by the lining membrane of the sinus. It at first ascends towards the 
posterior clinoid proc<‘ss, then passes forwards by the side of the body of the 
sj)fienoid bone, and again curves upwards on the inner side of the anterior clinoid 
j)rocess, and perforates the* dura mater forming the roof of the sinus. In this part 
of its course it is surmnnded by filaments of the sympathetic nerve, and on its outer 
side is the sixth nerve. 

Cerebral Portion.—Having perforated the dura mater on the inrn'r side of the 
anterior clinoid process, the int(‘rnal carotid passes between the second and third 
cranial ticrves to the anterior perforated space at the inner extremity of the fissure 
of S)’lvius, where it gives oil its terminal or cerebral branches. This portion of 
the artery has the optic nerve on its inner sidi', and the third nerve on its outer. 


riciiUafUien .—The Icngtii of file internal carotid varies according to the length of tlie 
neck, and also according to the point of bifurcation of the common carotid. It arises 
sometimes from the arch of the aorta ; in such rare instances, this vessel has been found 
to be placed nearer tlic middle line of the neck than the cxterniil carotid, as far upwards 
as the larynx, when the latter vessel crossed the internal carotid. Ihe course of the 
artery, instead of lieiiig straight, may be very tortuous. A few instances are recorded in 
which this vessel was altogether absent; in one of those the common carotid passed up 
the neck, and gave oil the usual branches of the external carotid; the cranial i»ortion of 
the internal carotid was replaced by two branches of the internal maxillary, which 
entered the skull tlirough the foramen rotundum and foramen ovale, and joined to form 
a single ve.ssel. 

Applied Anatomy .—The cerv'cal part of the internal carotid is very rarely wounded. 
It is, however, sometimes injured by a stab or gunshot wound in the neck, or even 
occasionally by a stab from within the mouth, as when a person receives a thrust from 
the end of a parasol, or falls down with atobacco-pipo in his mouth. Although the internal 
carotid lies about three-quarters of an inch behind and external to the tonsil, instances 
have occun’ed in which the artery htw been wounded during the ojicration of scarifying the 
tonsil, and fatal haimorrhage has supervened. The incision for ligature of tho cervical 
portion of the internal carotid should be made along the anterior border of the Sterno- 
mastoid, from the angle of the jaw^ to the upjier border of tho thyroid cartilage. Tho 
superficial structures being divided, and the Sfemo-mastoid defined and drawn outwards, 
the cellular tissue must bo carofuUy separated and tlio posterior belly of the Digastric 
and hypoglossal nerve sought for as guides to the vessel. When the artery is found, the 
extcriud carotid should be drawn inw'ards and the Digastric muscle upwards, and the 
aneurysm needle passed from without inwards. 

Obstruction of tho internal carotid by embolism or thrombosis may give rise to 
symptoms of cerebral anaemia and softening if the collateral circulation is ill-dovoloped. 
'Jlie patient suffers from giddiness, with failure of the mental powers, and convulsions, 
coma, or hemiplegia on the opijosite side of the body, may bo observed. 
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Branches. —^Tho cervical portion of the internal carotid gives off no 
branches. Those from the other portions are : 


From the Petrous 'portion 
From the Cavernous portion 


From the Cerebral portion 


(Tympanic (internal or deep). 
1 vidian. 

{ Arteriae receptaouli. 
Pituitary. 

Gasserian. 

Anterior meningeal. 
Ophthalmic. 

Anterior cerebral. 

Middle cerebral. 

Posterior communicating. 
Anterior choroidal. 


1. The tympanic (ramus caroticotyinpanicus) is a small branch which enters 
the cavity of the tympanum, through a minute foramen in the carotid canal, and 


Fi(}. 58J.—Tl»e ophthalmic artery and its branches. 



aiiastfjmo^s wflh the tympanic tirancli of the internal maxillary, and with the 
stylu-mastoid artery. * 

2. The Vidian is a small, inconstant branch which passes through the Vidian 
canal and anastomoses wdth the Vidian branch of the internal maxillary artery. 

3. The arterise receptaculi ar<i numerous small vessels which supply the 
pituitary body, the Gassesrian ganglion, and the walls of the cavernous and inferior 
petrosal sinuses. Some of Ihem anastomose with branches of the middle meningeal. 

4. The pitnitary branches are one or two minute vessels supplying the 
pituitary body. 

6. The Gasserian branches are small vessels to the Gasserian ganglion. 

6. The anterior meningeal i,s a small branch which passes over the lesser 
wing of the sphenoid to supply the dura mater of the anterior cranial fossa; it 
anastomoses with the meningeal branch from the posterior ethmoidal artery. 
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7. The ophthalmic artery (a. ophthalmica) (hg. 581) arises from the internal 
carotid, j ust as that vessel is emerging from the cavcDioiis sinus, on the inner side of 
the anterior clinoid process, and enters the orbital cavity through the optic foramen, 
below and on the outer side of the optic nerve. It then passes over the nerve to the 
inner wall of the orbit, and thence horizontally forwards, beneath the lower border 
of the Superior oblique muscle, to a point behind the internal angular process of the 
frontal bone, where it divides into two terminal branches, the frontal and na^al.-t 
As the artery crosses the optic nerve it is accompanied by the nasal nerve, and is 
separated from the frontal nerve by the Rectus superior and Levator palpebra) 
superioris muscles. 

The branches of the ophthalmic artery may be divided into an orbital yroup, 
distributed to the orbit and surrounding parts ; and an ocular yroup, to the muscles 
and globe of the eve. 


Orhital Group. 

Lachrymal, 

Supra-orbital. 

I’osterior ethmoidal.' 

Anterior (ithtnoidal. 

Internal palpebral." 

Frontal. / . . 

Nasal. ■' L 


Ocular Group. 

(Vnt)-al artery of the retina, 
Shod ciliary.] , ; i 

Long ciliary. 

Anterior cilia? y. 

Muscular. 



'File lachrynuil (a. lacrimalis) arises close to the optic foruine.n, and is one of the largest 
branches derived from the ophthalmic : not infrequently it is given off Ijeforo tin' artery 
enters the orbit. It accompanies the lachrymal nerve along the upper bord(‘r of the 
E.vternal rectus muscle, and is distribute?! to the laebrjunal gland. Its terminal branches, 
escaj>ing from the gland, are distributed to the eyelids and eimjunetiva: of Ihost' 
supplying the eyelids, two are of considerable size a?id are nanujd the e.rlernnl palpchral 
(aa. palpebrales laterales) ; tlicy run inw'ards in the upiK-r and lower lids respectively and 
anast?)mose with the internal palpel)ral arteries, forming an arterial circle in this situation, 
^'he lachrymal artery gives oil one or two truihir branches, one c)f which passes through a 
foramen m the malar bone, to reach the temporal fossa, and anastomostss with the dee]? 
teiu])ural arteries ; another appears on th(! cheek through the malar foramen, and 
anasto/no.ses with the traiisvei-se fiicial. A recuiTent branch passes backwards through 
the sphenoidal fissure to the dura mater, ami anastomoses with a branch of tlio middle 
meningeal artery. The lachrymal artery is sometiiiuis derived from one of the anterior 
branehe.s of the middle meningeal artery. 

The siipra-orbital (a. supraorbitalis) aprhig.s from the ophthalmic as that vessel is 
crossing over the ojitio nerve. Ascending so as to rise above aU the muscles of the orbit, 
it mns fonvards, with the snpra-orbital nerve, Ix'twcen the iieriosteum and Levator 
palpebm*; ami, passing through the supra-orbital foramen, divides into a superlicial and 
a deep branch, which supply the integument, the muscles, and the pericranium of the fore¬ 
head, anastomosing with the frontal, the anterior branch of the temporal, and the artery 
of the opyiosite side. This artery in tht* orbit supplies the Suiierior rectus and the Ijcvato'r 
jialjiebra!, and semis a branch inwards, across the jmlley of the Superiiir oblitiue muscle, 
to supply the parts at the inner canthiis. At the supra-orbital foramen it frequently 
transmits a branch to the diploe. 

The ethmoidal Ijranches are two in number: posterior and anterior. 'J’he posterior 
(a. ethmoidalis posterior), which is the smaller, passes through the jiosttn-ior ethmoidal 
canal, suiiplics the posterior etlimoidal cells, and, entering the cranium, gives off a meningeal 
branch to the adjacent dura mater, and nasal branches which descend into the nose through 
apertures in the cribriform jilatc, anastomosing with branches of the spheno-palatine. 
'Die anterior ethmoidal artery (a. ethmoidalis anterior) accompanies j,the nasal nerve 
through the anterior ethmoidal canal, supplies the anterior and middle ethmoidal cells 
and frontal sinuses, and, entering tho cranium, gives off a meningeal branch to 
the adjacent dura mater, and nasal branches. These latter descend into the nose 
through the slit by the side of the crista galli, and, running along tho groove on tho under 
surface of the nasal bone, supply the skin of the nose. 

The palpebral arteries (aa. palpebrales mediales), two in number, superior and inferior, 
arise from the ophthalmic, opposite tho pulley of the Superior oblique muscle ; they leave 
the orbit to encircle the eyelids near their free margins, forming a superior and an inferior 
arch, whicli lie between the Orbicularis muscle and tarsal plates. The sujjerior palpebral 
anastomoses, at tho outer angle of tho orbit, w’ith tho orbital branch of tho tem])oral 
artery, and with the upper of the two external palpebral branches from tho lachrymal 
artery; the inferior palpebral anastomoses, at tho outer angle of the orbit, with the 
lower of the two external palpebral branches from the lachr 5 rmal and with tho transverse 
facial artery, and, at the inner side of the lid, with a branch from the angular artery. 
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From this last anastomosis a branch passes to the nasal duct, ramifying in its mucous 
membrane, as far as the inferior meatus. 

Tlie frontal artery (a. frontalis), one of the terminal branches of the ophthahnic, leaves 
the orbit at its inner angle with the supra-trochlear nerve, and, ascending on the 
forehead, supplies the integument, muscles, and pericranium, anastomosing with the 
supra-orbital artery, and with the artery of the opposite side. 

The nasal artery (a. dorsalis nasi), the other terminal branch of the ophthalmic, emerges 
from tJie orbit above the tendo oculi, and, after giving a branch to the upper part of the 
lachrymal sac, divides into two branches, one of which crosses the root of the nose, and 
anaatomosra with the angular artery; the other runs along the dorsum of the nose, 
sujmlies its outer suidace, and anastomoses with the artery of the opposite side, and 
with the lato^ nasal branch of the facial. 

Hie central artery of the retina (a. centralis retinae) is the first and one of the smallest 
branches of the ophthalmic arteiy. Tt runs for a shoii distance within the dural sheath of 
the nerve, but about half an inch behind the eyeball it pierces the optic nerve obliquely, 
and runs forward in the centre of its substance, and enters the globe of the eye through 
the porus opticus. Its mode of distribution will be described in the au:oount of the 
anatomy of the eye. 

The ciliary arteries are divisible into three groups, the long and short posterior, and 
the anterior. The short p>sterior ciliary arteries (aa. ciliarcs posteriores breves), from six 
to twelve in number, arise from the ophthalmic, or some of its branches; they pass 
forwards around the optic nerve to the posterior part of the eyeball, pierce the sclera 
around the entrance of the nerve, and supply the choroid coat and ciliary processes. The 
long jKisterior ciliary arteries (au. ciliares posteriores longse), two in numlier, pierce the 
posterior part of the sclera at some little distance from the optic nerve, and run 
forwards,’along each side of the eyeball, between the sclera and choroid, to the ciliary 
muscle, where they divide into two branches ; these form an arterial circle, the cireulns 
iridis major, around the circumference of the iris, from which numerous converging 
branches run inwards, in the substtuice of the iris, to its free margin, where they form 
a second arterial circle, the circvlm iridis mitwr. The anterior ciliary arteries (aa. ciliares 
anteriores) are derived from the muscular branches ; they run to the front of the eyeball 
in company writh the tendons of the Recti, form a vascular zone beneath the cod^unctiva, 
and then pierce the sclera n short distance from the cornea and terminate in the circtilus 
major iridis. 

The muscular branches (rami musculai'es), two in niimhcr, superior and inferior, 
frequently spring from a common trunk. The su;»erior, the smaller, often w'onting, supplies 
tile Levator palpcbiw. Superior rectus, ami Su|Kirior oblique. The inferior, more constantly 
present, passes forwards lictwecn the optic nerve and Inferior rectus, and is distributed 
to the External, Internal, and Inferior recti, and the Inferior oblique. Tliis vessel gives 
off most of the anterior ciliary arteri«;s. Additional muscular brancljcs art' given off from 
the laelirymal and supra-orbital branches, or from the trunk of the ophthalmic. 

8. The anterior cerebral artery (a. cerebri anterior) (fig. 582) arises from the 
internal carotid, at the inner extremity of the fissure of Sylvius. It passes forwards 
and inwards acro.ss the anterior perforated space, above the optic nerve, to the com¬ 
mencement of the great longitudinal fissure. Here it comes into close relationship 
with the artery of the opjiosite side, and the tw'o vessels are connected by a short 
trunk, the anterior communicating artery (a. eommiinicans anterior). From this 
point, the two vessels run side by side in the longitudinal fissure, curve round 
the genu, and turning backwards exintinuc along the upper surface of the corpus 
callosum to its posterior part, where they terminate by anastomosing with the 
posterior cerebral arteries. 

In its course the anterirtr eeivibral artery gives off the following branches : 

Antcro-niedian ganglionic. Anterior internal frontal. 

Inferior internal frontal. Middle internal frontal. 

Posterior internal frontal. 

The antero-vieilmn ganglionic branches are a group of small arteries Wr’hich arise 
at the comiiK'n cement of the anterior cerebral artery; they pierce the anterior 
» perforated space and lamina terrainalis, and supply the rostrum of the corpus 
callosum, the se.ptmn pellucidum, and the head of the caudate nucleus. T!\xo, inferior 
internal /rontoZ brrwcAes, two or three in number, are distributed to the orbital surface 
of the frontal lobe, wliere they supply the olfactory lobe, gyrus rectus, and internal 
orbital convolution. The anterior internal fronted branches supply a part of the 
marginal convolution, and send branches over the edge of the hemisphere to the 
superior and middle frontal convolutions and upper part of the ascending frontal 
convolution. The middle internal frontal branches supply the corpus callosum. 
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tlie callosal convolution, the inner surface of the superior frontal convolution, and 
the upper part of the ascending frontal convolution. The 'posterior internal 
frontal branches supply the lobus quadratus and adjacent outer surface of the 
hemisphere. 


Fia. 582.—The arteries of the base of the brain. The right half of the cerebellum 

and iK)ns have been removed. 



N.B.—It will be noticed that in the illustration the two anterior cerebral arteries 
have been drawn, at a considerable distance from each other; this makes the anterior 
communicating artery appeal’ longer than it really is. 


The anterior communicating artery is a slu)i*t branch, about 4 inni. in length, 
but of moderate size, connecting together the two anterior cerebral arteries across 
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the longitudinal fissure. Sometimes this vessel is wanting, the two arteries joining 
together to form a single trunk, which afterwards divides ; or the vessel may be 
wholly, or partially, divided into two; frequently it is longer and smaller than 


Fig. 583. —The distribution of the middle cerebral artery. (After Charcot.) 



usual. It gives oil some of the antero-median ganglionic ve.ssels, but the.se arc 
lirinripally derived from the anterior cerebral. 

0. The middle cerebral artery (a. c»‘rcbri media) (fig. 583), the largest branch of 
the internal carotid, passes obliquely outwards along the fissure of Sylvius, and 
divides into its terminal branches oppo.siti‘ the island of Jteil. 

The branches of this vessel are the : 

Antero-lateral ganglionic. Ascending parietal. 

Inferior external frontal. Parioto-tcmporal. 

Ascending frontal. Temporal. 

The antero-lateral (jnn-glionir branches, a group of small arteries which arise 
at the commencement of the middle cerebral artery, are arranged in two sets : 

Fig. .‘584.—Outer surface of cerebral hemisphere, showing areas supplied 

by cerebral arteries. 



Anterior rcrcbrjl, blue; mnblle cerebral, red ; posterior cerebr.il, yellow. 


one, the internal striate, passes upwards through the inner segments of the lenticular 
nucleus, and supplies it, the. caudate nucleus and the internal capsule ; the other, 
the external striate, ascends through the outer segment of the lenticular nucleus, 
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ajxd supplies the caudate nucleus and the thalamus. One artery of this group 
is of larger size than the rest, and is of special importance, as being the artery in 
the brain most frequently ruptured ; it has been termed by Charcot, the ‘ artery 

Fig. 685.—Mesial surface of cerebral hemisphere, showing areas supplied 

by cerebral arteries. 



Anterior cerebral, blue; middle cei'cbral, red ; posterior cerebral, jellow. 


of cerebral hcemorrhage.' It passes up lietwceu the lenticular nucleus and the 
external capsule, and ultimately ends in the caudate nucleus. The inferior external 
frontal supplies the third or inbuior frontal convolution (Broca’s convolution) and 

Fig. 586.—Upper surface of cerebial Fig. 587.— Under surface of cerebral 
hemisphere, showing areas suppliwl by hemisphere, showing areas supplied be 

eerebral arteries. cerebral arteries. 


Olfiicldt I 

hull, 


Anterior cerebral, blue; middle cerebral, red; Anterior cerebral, blue; middle cerebral, red; 

posterior cerebral, yoUow. posterior corebrel, yellow. 

the outer part of the orbital surface of the frontal lobe. The ascending frontal 
supplies the ascending frontal convolution. The ascending parietal is distributed to 
the ascending parietal and the lower part of the superior parietal convolutions. 
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The parieto-temporal supplies the supra-marginal and angular gyri, and the posterior 
parts of tlie superior and middle temporal convolutions. The temporal branches, 
two or three in number, are distributed to the outer surface of the temporal, lobe. 

10. The posterior communicating artery (a. communicans posterior) runs 
backwards from the internal carotid, and anastomoses with the posterior cerebral, 
a branch of the basilar. This artery varies in size, toeing sometimes small, and 
occasionally so large that the posterior cerebral may be considered as arising 
from the internal carotid rather than from the basilar. It is frequently larger on 
one side than on the other. From the posterior half of this vessel are given off 
a number of small branches, the postero-median ganglionic branches, which, with 
similar vessels from the posterior cerebral, pierce the posterior perforated space 
and supply the internal surfaces of the thalami and the walls of the third 
ventricle. 

11. The anterior choroidal (a. chorioidea) is a small but constant branch, 
which arises from the internal carotid, near the posterior communicating artery. 
Passing backwards and outwards between the temporal lobe and the crus cerebri, 
it enters the descending horn of the lateral ventricle through the choroidal fissure 
and ends in the choroid plexus. It is distributed to the hippocampus major, 
fimbria, velum interpositum, and choroid plexus. 


THE ARTEEIE8 OF THE BRAIN 

Investigations show that the mode of distribution of the vessels of the brain 
has an important bearing upon a considerable number of the pathological lesions 
which may occur in this part of the nervous system ; it is therefore important 


Fio. .588.—Diagram of the arterial circulation at the base of the brain. 

(After Charcot.) 



I. Autwo-nit-dian fnruiip of branches. II. Poetoro-median ^^roup. 111. Kighi and left o^tcro-lat(Tal group. 

IV. PigUt and loft postero-Ialeral group. The dotted line shows the limit of the ganglionic circle. 


to consider a little more in detail the manner in which the cerebral vessels arc 
distributed. 

The cerebral arteries arc derived from the internal carotid and vertebral, 
•^which. at the base of the brain form a remarkable anastomosis known as the circle 
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of Willis (circulua arteriosus). It is fonned in front by the anterior cerebral arteries, 
branches of the internal carotid, which are connected together by the anterior 
comimmicating; behind by the two posterior cerebral arteries, branches of the 
basilar, which are connected on either side with the internal carotid by the pos¬ 
terior coimnunicating (figs. 582, 588), The parts of the brain included within this 
arterial circle are the lamina temiinalis, the optic commissure, the infundibulum, 
the tuber cinereum, the corpora albicantia, and the posterior perforated space. 

Th(! three trunks which together supply each cerebral hemisphere arise from 
the circle of Willis. From its anterior part proceed the two anterior cerebrals; 
from its autcro-latcral parts the middle cerebrals, and from its posterior part the 
posterior cerebrals. Each of these principal arteries gives origin to two different 
systems of secondary vessels. One of these is named the cerdm/ ganglionic system, 
and tlie vessels belonging to it supply the central ganglia of the brain ; the other 
is the cortical system, and its vessels ramify in the pia mater and supply the cortex 
and subjacent brain substance. These two systems do not commmiicate at any 
point of their peripheral distribution, but arc entirely independent of each other, 

Fio. 689.—Distribution of the cortici 1 arteries. (After Charcot.) 



1. .Mpilullury artorios. r. (troiip of mHuHury iirturlea in llio sulcus botwccii two ndjac^dit oonvoliiltuiih. 1". Arteries 
MtuniiMl the short uhtsouiation libris. 2, 2. Ourtic^il arteries, a. rapillary network witfi fairly wide 

lucHliCb, Kitiiutcd beneath tlie pia inatoi*. h. Network with more compact, polygouu) mi^shes, situatedf in the 
rortex. c. 'rruiisitional network with wider meshes, d. Cupillurynetwork in Uic white matter. 

• 

and there is between the parts supplied by the two systems a borderland of 
diminished nutritive activity, where, it is said, softening is especially liable to occur 
in the brains of old people. 

The central ganglionic system. —All the vessels of this system are given off 
from the circle of Willis, or from the vessels close to it; so that if a circle be 
drawn parallel to and at a distance of about an inch from the circle of W’illis, it 
will include the origins of all the arteries belonging to this system (fig. 588). These 
vessels form six principal groups : (i) the antero-median group, derived from the 
anterior cerebrals and anterior communicating; (ii) the postero-median group, 
from the posterior cerebrals and posterior communicating ; (iii and iv) the right 
and left antero-lateral groups, from the middle cerebrals ; and (v and vi) the right 
and left postero-lateral groups, from the posterior cerebrals, after they have wound 
round the crura cerebri. The vessels of this system are larger than those of the 
cortical system, and are what Cohnheim has designated ‘ terminal ’ arteries—that 
is to say, vessels which from their origin to their termination neither supply nor 
receive any anastomotic branch, so th^at, through any one of the vessels only a 
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limited area of the central ganglia can be injected, and the injection cannot be 
driven beyond the area of the part supplied by the particular vessel which is the 
subject of the experiment. 

The cortical arterial system.—The vessels forming this system arc the terminal ’ 
branches of the anterior, middle, and posterior cerebral arteries. These vessels 
divide and ramify in the substance of the pia mater, and give off nutrient arteries 
which penetrate the brain cortex perpendicularly. The nutrient vessels are 
divisible into two classes, long and short. The long, or medullary arteries, pass 
through the grey matter and penetrate the subjacent white matter to the depth of 
about an inch and a half, w’ithout intercommunicating otherwise than by very 
fine capillaries, and thus constitute so many independent small systems. The 
short vessels are confined to the cortex, where they form with the long vessels a 
compact network in the middle zone of tlie grey matter, the outer and inner zones 
being sparingly supplied with blood (fig. 689). The vessels of the cortical arterial 
system are not so strictly ‘ terminal ’ as those of the central ganglionic system, 
but they approach this tj^pe very closely, so that injection of one area from the 
vessel of another area, tliough possible, is frequently very difficult, and is only 
effected through vessels of small calibre. As a result of this, obstruction of one 
of the main branches, or its divisions, may have the effect of producing softening 
in a limitexl area of the cortex. 


ARTERIES OF THE UPPER EXTREMITY 

The artery which supplie.s the upper extremity coiitmues as a single trunk 
fi’oin its commencement down to tlic elbow ; but different portions of it have 
received different names, acoordbig to the regions through which they i>ass. 
That part of the vessel which extends from its origin to the outer border of 
the first rib is termed the suhclaviun ; beyond this point to tlie lower border 
of the axilla, the artery is termed the axillary ; and from the lower margin 
of the axillary space to the bend of the elbow, it is termed brachial ; hero, the 
trunk ends by dividing into two branches, the radial and ulnar. 

Subclavian Aktkkiks (lig. 500) 

On the right side the subcla^an artery (a. subelavia) arises from the 
innominate artery opposite the right stemo-clavicular artuudation ; on the 
left side it springs from the arch of the aorta. Tire two vessels, therefore, in 
the first part of their com’se, differ in length, direction, and relation with 
neighbouring structures. 

In order to facilitate the description, more especially from a surgical point 
of \ iew, each subclavian arterj' is divided into three parts. The first portion, 
on the right side, passes upwards and outwards from the origin of the vessel 
to the inner border of the Scalenus anticus. On the left side it ascends nearly 
vertically, to gain the inner border of that muscle. The second part passes 
outw'ards, behind the Scalenus anticus ; and the third part extends from the 
outer margin of that muscle, beneath the clavicle, to the outer border of the 
first rib, where it becomes the axillary artery. The first portions of the two 
vessels differ so much in their course and relations with neighbouring parts, 
that thov will be described separately. The second and third parte are 
q[)ractieally alike on the two sides. 

Fii’.st Pakt of the R,tght Subclavian Artery (figs. 572, 590) 

TJm first {>art of the rig^ht subclavian artery arises 
inim imaBiliarbppbsite the upper part of the right sterno-clavicular articulation, 
and^jae ses upw;ards and outwards .jio the inner margin of the. S aedenus a nticus 
Tpusejq- It ascends a little above the clavicle, the extent to which It does so 
vaiying in different cas^r 

Belations.—It js^overed, by the integ^ ppe nt. 8U]pejc&fiiai™iascia, 

Pjfttpma, dec^iLlaiieia, fhe'clalichlgSlmigm of. the. StwatQ'JBastoid, the ^tpmn- 
hyoid . and S teyno-thy roid muscles, and another layer of the deep fascia. It is 
%rossM by the iutccoaL^ugular and ver tebral vein s, and by the pneumogastric 
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nerve and the cardiac blanches of the pneiunogastric and sympathetic. A^oop 
of the sympaJthfitinixunk also crosses the artery, forming a ring {ann^m Vie^s^^ 
around the vessel. The ant^OTjjigulai vein passes outwaMs in front of the 
artery, but is separated' from it by the Sterno-hyoid and Sterno-thyroid muscles. 

Fro. 590.—Superficial dissection of the right side of the neck, 
showing the carotid and subclavian arterioa 



Bdq^ the artery is the pleura, which separates it from the apex of the 

lung; behind is the gangliatcd cord of the sympathetic, the Longug colli muscle 
and the first thoracic vertebra. The right recurrent laryngeal nerve winds round 
the lower and back part of the vessel. 

First Part of the Left Subclavian Artery (fig. 572) 

The fi rst part of Jbli§..left subclavian artery arises from the arch of the 
aorta . belufftTI^'left comnidn carotid, and at the level of the fourth thorfwac 
vertebra ; it ascends nearly vertically to the root of the neck and then arches 
outwards to the inner margin of the Scalenus anticus. 
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Relatioiu.—It is in relation, with the pne mnogas tric. o %igdia c, and 

p^jfijjiC-naEEes, which lie paralle^vltnlt, the left common carotid artery, left 
internal jugular and verte bral vei ns, and the comm encemen t of the left innominate 
vein, and is-xovered by the St ernn-thyr oid Sterua-hyoid, and Sternn-mastoid 
muscles ;.2isjNiMd, it is in relation with the ccao pha^ us, thnraqifijduot, inferio r-Cfilvical 
gangl ion of tbo Lo ngus co lUThigher up, however, the esophagus 

and thoracic duct lie to its right side ; the latter intimately arching over the vessel 
to join the angle of union between the subclavian and internal jugular veins. To 
its inner side are the cKs npbag »«, trachea, thoracic duct, and left recurre nt laryngeal 
nerve ; to its (o/teiP-side, the le ft ple ura and l ung . 

Second and Third Part.s or the iSubclavian Artery (fig. 690) 

The second portion of tJie subclavian artery lies behind the Scalenus 
anticus muscle; it is very short, and forms the highest part of the arch 
described by the vessel. 

Relations.—It is covered, ijkjxojut, by the s kin, s uperficial fasci a. Platysm a. deep 
ceryipal„|a.8Cia,Stemfeiaaatoid,andSc alypus amicns. On theriglitsiHeof the body 
the phrenic .nerve is separated from the second part of the artery by the Scalenus 
anticus, while left side it crosses the first part of the artery immediately 

to the inner edge of the muscle, dieiind, it is in relation with the pleura and the 
Scaleuus.imidius. is the brachial plexus of nerves ; hdms, the pljcura. The 

subclastian, vein lies below' and in front c)f the artery, separated from it by the 
Scalenus anticus. 

The third portion of the subclavian artery runs downw ards and outwards 
from the outer margin of tha,. Scalenus anticus to the outer border of the 
first rib, W'here it becomes tlie axillary artery. This is the most superficial 
portion of the vessel, and is contaim'id in tlie subclavian triangle (sec 
page 643). 

Relations. -It is covered in frml, by the skin, the superficial fascia, the 
Platyawa, the descetW^g clavicular bfaiichds of the cervical plexus, and the deep 
cervicaLfascia. The external jugular vcuti crosses its inner part and receives the 
suprascapular, transvcrsalis colli and anterigt—jugiilar veins, which frequently 
form a plexus in front of the artery. Boliind the veins, the nerve to the Suhclavius 
muscle descends in front of the artery. The outer part of the artery lies behind 
the clavicle and the Subclavius muscle and is crossed by the Buprascapular'vessels. 
The subclavian vein lies in front of and at a slightly lower level than the artery. 
Jitibmd, it lies on the low'est trunk of the brachialjjllixus, w'hich intervenes between 
it and the Scalenus mediiis. Ji(W!C.and to its outer side, are the upper trunks of 
the br acliial plexus, and the Omo-hyokL muscle. Uekm, it rests on the upper 
surface oY fhe first rib, or on the cervical rib if one bo present (page 210). 

Peculiarities. —The subclavian arteries vary in their origin, their course, and the 
height to which they rise in the neck. 

The origin of the right subclavian from the innominate takes place, in some cases, 
above the sterno-clavicular articulation, and occasionally, but less frequently, below that 
joint. The artery may arise as a separate trunk from the arch of tho aorta, and in such 
cases it may be either the first, second, third, or even the last branch derivotl from that 
vessel; in tho majority however it is tlio first or last, rarely the sec3ond or third. When it 
is the first branch, it occupies the ordinary position of the innominate artery; when the 
sctcond or third, it gains its usual ]3usition by passing 1)ehind the right carotid ; and when 
the last branch, it arises from the left extremity of the arch, and passes obliquely towards 
the right side, usually behind tho trachea, oesophagus, and right carotid, somotimes 
between the cDsophugus and trachea, to the upper border of tho first rib, w'hcnce it follows 
its ordinary coiusc. In very rare instances, this vessel arises from the thoracic aorta, 
as low dow'n as the fourth thoracic vertebra. Occasionally, it perforates the Scalenus anticus ; 
more rarely it pa.sscs in front of that muscle. Sometimes tho subclavian vein jjasses with 
the artery behind the Scalenus anticus. The artery may ascend as high as an inch and a 
half almve tho clavicle, or any intermediate point between this and the upper border of 
the bone, the right subclavian usually ascending higher than tho left. 

Tho left subclavian is occasionally joined at its origin with the left carotid. 

Surface Marking.—The course of the subclavian artery in the neck may be mapped 
out by describing a cur\'e with its convexity ux}waTdB, at the hasp of the posterior triangle. 
The ^ner end of this curve corresponds to tho stemo-clavioular joint, the outer end to the 
•centre of the lower border of the clavicle. The curve is to be drawn with such an amount 
of convexity that its mid-point reaches half an inch above the upper border of the clavicle. 
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The left subclavian artery is more deeply placed than the right in the first part of its 
course, and, as a rule, does not reach quite as high a level in the neck. It should be borne 
in mind that the posterior border of the Sterno-mastoid muscle corresponds pretty closely 
to the outer border of the Scalenus anticus, so that the third portion of the artery, the 
part most accessible for operation, lies immediately external to the posterior border of the 
Sterno-mastoid. i. , • 

Appiied Anatomy .—An aneurysm may form on any paft of the subclavian artery, 
except the intrathoracic portion of the loft vessel, which is said never to be the seat of 
aneurysm. The moat common site is, however, the third portion, especiaUy on the right 
side, on account of the greater exposure to injury and the greater amount of of f"® 
right upper extremity. In this situation it may cause pressure on the brachial plexus, 
producing pain and numbness in the arm and fingers, with loss of power or paraljsis of 
the muscles of these parts. (Edema of the arm may result from pressure on the sub¬ 
clavian vein. The external jugular vein may become distended and varicoi^. The 
treatment is unsatisfactory, since proximal ligature cannot be undertaken with much 
chance of success. If constitutional treatment and direct pressure on the aneurysmal sac 
fail, the best treatment is excision of the sac, if it bo small._ In aneurjairas of the hrat 
portion of this artery there is tedema of the head and face, with lividity, congestion of we 
brain, and semi-consiuousness from pressure on the internal jugular vein; and spasmodic 
action of the Diaphragm from iirossurc on the phrenic nerve. The collatera,! circulation 
is 80 good that blocking of the subclavian artery by cmliolism or thrombosis often fails 
to give rise to any striking signs or symptoms, beyond occasional pains in the neck and 
shoulder and some degree of weakness and wasting in the musiiles of the arm. 

Compressum of thesubrlavian artery is required in cases of operations about the shoulder,, 
in the axilla, or at the upper part of the arm ; and the student will observe that there is 
only one situation in which it can bo effectually applied, viz. where the artery passes 
across the iijipcr surface of the first rib. In order to comiiress the vessel in this situation, 
the shoulder should be depressed, and the surgeon grasping the side of the neck should 
press with Ins thumb in the angle formed by the posterior border of the Kterno-mastoid 
with the upiier border of the clavicle, dowmwards. backwards, and inwards against the 
rib; if from any cause the shoulder cannot lie sufficiently depressed, pressure may be 
made from before backwards, so as to compress the artery against the Scalenus medius 
and transvers<‘ process of the seventh cervical vertebra. In appropriate cases, a 
pri'liminary incision may bo made through the cervical fascia, and the linger may be 
pressed down directly ujion the artery. 

• Ligature of the suhelavian artery may bo required in cases of W'ounds, or of aneurysm 
in the axilla, or in cases of aneurysm on the cardiac side of the point of ligature ; and the 
third part of the artery is that which is most favourable for an operation, on account 
of its Ix'ing comparatively superlicial, and most remote from the origin of the large branches. 
In those ciases where the clavicle is not displaced, this ojicration may be jierformed with 
Comparative fai’ility ; but when! the clavicle is pushed up by a largo luieurysrnal tuniour 
in the axilla, tin* artery lies at a great depth from the surface, and this materially 
increases the difficulty of the operation. Under these cireumstances, it becomes a matter 
of importance to consider the height to which this vessel reaches above the bone. In 
ordinary cases, its arch is about half an inch above the clavicle, occasionally as high as 
an inch and a b.alf, and sometimes so low as to be on a hivel "Hath its upper border. If 
♦he clavicle be displaced, these variations will necessarily make the operation more or less 
difficult, ac.cording as the vessel is less or more accessible. The vessel is also ligatured 
as a preliminary measure to the complete intersoapulo-tboracic amputation of the upper 
extremity, in which case the suprascapular and transverse cervical arteries may, if found, 
be ligatured at the same time, making the ‘ fore-quarter ’ amputation an almost bloodless 
procedure. , 

The procedure in the operation of tying the third portion of the subclavian artery 
is as follows; 'JTie patient lieing placed on a tabic in the supine position, with the head 
drawn over to the opposite side, and the shoulder depre-ssed as much as possible, the 
integument should be pulled dowmwards over the clavicle, and an incision made through 
it, upon that bone, from the anterior border of the Tiapozius to the posterior border of 
the Sterno-mastoid. The object in drawing the skin downwards is to avoid any risk of 
wounding the external jugular vein, for as it perforates the deep fascia above the clavicle, 
it cannot be drawn downwards with the skin. The soft parts should now bo allowed to 
glide up, and the cervical fascia divided upon a director, and if the interval between the 
Trapezius and Sterno-mastoid muscles be insufficient for the performance of the opera¬ 
tion, a portion of one or both may be divided. The extcnial jugular vein will now be 
seen tow'ards the inner side of the wound; this and the suprascapular and transverse 
cervical veins which terminate in it should be held aside. If the external jugular voin^be 
at all in the way and exixwed to injury, it should lie tied in two places and divided. The 
suprascapular artery should be avoided, and the Omo-hyoid muscle held aside if necessary. 
In the space beneath this muscle, careful search must be made for the vessel a deep 
layer of fascia and some connective tissue having been divided carefully, the outer mar^n 
of the Scalenus anticus muscle must be felt for, and the finger being guided by it to the 
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first rib, the pulsation of the subclavian artery will bo folt as it passes over the rib. The 
sheatli of the vessels having been opened, the aneur 3 r 8 m needle may then be passed aroimd 
the artery from above downwards and inwards so a.s to avoid inclu^g any of the branches 
of the brachial plexus. If the clavicle be so raised by the tumour that the application of 
the ligature cannot be effected in this situation, the artery may be tied above the first rib, 
or even liehind the Scalenus anticos muscle ; the difficulties of the operation in such a 
case will be materially increased, on account of the greater depth of the artery, and the 
alteration in position of the surrounding parts. 

The second part of the subclavian artery, from btung that portion which rises highest 
in the neck, has been considered favourable for the application of the ligature when it is 
difficult to tie the artery in the third part of its course. There arc, however, many 
objections to the operation in this situation. It is necessary to divide the Scalenus 
anticuB muscle, upon which lies the phrenic nerve, and at the inner side of which is 
situated the internal jugular vein ; and a wound of either of these structures might lead 
to the most dangerous consequences. Again, the artery is in conta<*t, below, with the 
pleura, which must also be avoided; and, lastly, the proximity of so many of its large 
branches arising internal to this point must be a still further objection to the ojjeration. 
In oases, however, where the sac of an axillary aneurjmm encroaches on the neck, it 
may l)e necessary to divide the outer half or tw'o-thirds of the Scalenus anticus muscle, 
so as to place the ligature on the vessel at a greater distance from the sac. The 
operation is performed exactly in the same way as ligature of the third portion, 
until the Scalenus anticus is exposed, w'hen it is to 1«‘ divided on a director (never to a 
^eater extent than its outer two-thirds), and it immediately retracts. The operation 
i.s therefore merely an extension of the operation for ligature of the third portion of the 
vessel. 

In those cases of aneurysm of the axillary or subclaviau artery which encroach u)>on 
the outer portion of the Scalenus anticus to such an exti-nt t hat aligature cannot be a])plied 
in that situation, it may he de«'miHl advisable, as a l.-ist resource, to tic the first portion of 
tlic subclavian artery. On the left side, this operation is almost impracticable.; the great 
depth of the artery from the surface, its intimate relation with the pleura, and its close 
jnoximity to the thoracic duct and to so many important veins and nerves, present a series 
of difficulties which it is next to impossible to overc'oine.* On the right side, tlu' opera¬ 
tion is practicable, and has Inien pcrforme<l on several occasions. The main objection to 
th(! operation in this situation is the smallncfss of the iubirval which usually exists between 
the commeneement of the vessel and the origin of the nearest branch. The ojKjration may 
be performed in the following manner: The patient Iwiiig placed on the table in the supine 
j)Osition, with the necjk extended, an incision should l)e made along the upjjcr border of 
tlie inner part of the (slaviele, and a second along the inner bordiT of the Sterno-mastoid, 
meeting the former at an angle. The attiichments of both beads of the Sterno-mastoid 
must lie divided on a director, and turned outwards ; a few small arteries and veins, and 
occasionally the anterior jugular, must be avoided, or, if neee.ssary. ligatured in two places 
and divided, and the Sterno-byoid and Stcrr.«)-thyToid mus<‘l(!s divided in the same manner 
as the precciding muscle. After tearing through the deep fascia with the finger-nail, the 
internal jugular vein will be seen crossing the subclavian artery ; this should l)e )n- 0 B 8 ed 
aside, and the artery secured by pa.ssing the needle from below u})wards, by which the 
pleura is more eJIeetually avoided. Tlu! exact position of the vagus, the rocuiTcnt laiyn- 
gcal. the phrenic and .synipathetic nerves should be !s)rne in mind, and the ligature should 
be applied near the origin of the vertebral, in order to afford as much room as possible for 
the formation of a coagulurn between the ligature and the origin of the vessel. It should 
be remembered that the riglit subclavian arts-ry is oei-asionally deejily placed in the first 
part of its course, when it a,rises from the left side of the aortic arch, and pa.s.ses in such 
cases behind the oesophagus, or between it anti the trachea. 

CulUUmtl Circvlation .—After ligature of tlie third part of the subclavian artery, the 
collateral circulation Ls establislwid mainly by thrtfe sets of vessels, thus descriliod in a 
dissection: 

‘ I. A posterior set, consisting of the suprascapular and posterior scapular branches of 
the subclavian, ana.stomo.sing with the subscajmlar from the axillary. 

‘ 2. An internal set, produced by the commction of the internal mammary on the one 
hand, with the superior and long thoracic arteries, and the branches from the subscapular 
on the other. 

‘ 3. A middle or axillary set, consisting of a nuraixsr of small vessels derived from 
brandies of the sulxdavian, above, and, passing through the axilla, terminated either 
in the main trunk, or some of the branches of the axillary below. This last set presented 
most consjiieuonsly the jmculiar character of newly formed or, rather, dilated arteries, 
being excessively tortuous, and forming a complete plexus. 

‘ The chief agent in the. restoration of the axillary artery below the tumour was the 
subscapular art-ory, which communicated most freely with the internal mammary, supra- 


• The operation has, however, been [icrformed by J. K. Rodgers, by Halsted, and by 
Schamperii. 
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Hcapular, and posterior scapular branches of the subclavian, from all of which it received 
so great an influx of blood as to dilate it to three times its natural size.’ * 

When a ligature is applied to the first part of the subclavian artery, the collateral 
circulation is carried on by : 1, the anastomosis between the superior and inferior thyroid ; 
2, the anastomosis of the two vcrtobrals; 3, the anastomosis of the internal mammary 
Avith the deep epigastric and the aortic intorcostals ; 4, the superior intercostal anasto¬ 
mosing with the aortic intercostals ; 6, the profunda corvicis anastomosing with the 
princops cervieis; 6, the scapular bronchos of the thyroid axis anastomosing with the 
branches of the axillary ; and 7, the thoracic branches of the axillary anastomosing with 
the aortic intercostals. 

Branches.—The branches given off from the subclavian artery arc : 

Vertebral. Internal mammary. 

Thyroid axis. Superior intercostal. 

On the left side all four branches generally arise from the first portioT) of 
the vessc'l; but on the right side (fig. 591) the superior intercostal usually 
springs from the second portion of tlie vesstil. On both sides of the body, 
the first three brancjhes arise close together at the inner margin of the Scalenus 
antieus ; in tluA majority of cases, a free interval of fiorn half an inch to an 
inch exists b('1\ve.en tlie commencement o: tlie artery and the origin of the 
neai-est brand i. 

1. The vertebral artery (a. vertebralis) is the, first branch of the subclavian, 
and arises from the ui)])er and back part of the tirst portion of the vessel. It is 
sun’ounded by a plexus of nerve fibres deiived from the inferior cervical 
ganglion of the sympatlu'.tic trunk, and iiscends through the foramina in the 
transverse ])rocesses of the upp(‘r six cervical VAU’tebrse ; f it then winds behind 
th(! sujM'rior articular procc'ss of the 

atlas and, entering the skull through fm. 'itU.—Plan o[ the tnanebes of tlic 
the foramen magnum, unites, at the I'idd subclavian artery, 

lower border of the pons Varolii, with 
the vessc'l of tlui opposite side to form 
the basilar artery. 

Relations.—'I’he vert('bral artery may 
Ixf divided into four parts. 'part 

runs u])wards and backwards between 
the Lougus coili and the Scalenus antieus. 

In front of it arc the internal jugular 
and vertebral ve.in.'s, and it is crossed by 
the inferior thyroid artery; the left 
vertebral is crossed by the thoracic dne-t 
•tIso. llehiml it are the transverse 
{process of the seventh cervical vertebra 
and the sympathetic, cord. Tlic, .spnaml 
part runs upwards through the foramina J 

in. the transverse processes of the u})per 

six cervical vertebra), and is surrounded bv a plexus of veins whieh unite to 
form the vertebral vein at the lower part of the neck. It is situated in front of 
the trunks of the cervical nerves, and pursues an almost vertical course as far 
as the transverse process of the atlas, above which it runs upwards and outwards 
to the foramen in the transverse process of the atlas. Th e t hird part issues 
from the latter foramen on the inner side of the Rectus^ lateralis muscle, and 
inclines backwards and inwards behind the superior articular process of the 
atlas; it lies in the groove on the upper surface of the posterior arch of the 
atlas, and enters the spinal canal by passing beneath the posterior occipito- 
atlantal ligament. This part of the artery is covered by the Compl^us 
muscle and contained in the auboccipUal triangle —a triangular space bounded 
by the Rectus capitis posticus major and the Superior and Inferior oblique 
muscles. The suboccipital nerve lies between the artery and the posterior arch 

* (iuy'» Hospital Ihporti, vol. i. 1836. Case of axillary aneurysm, in wiiicb Aston Key had 
tied the subclavian artery on the. outer edge of the Scalenus antieus, twelve years previously. 

t The vertebral artery sometimes enters the foramen in the transverse process of the fifth 
vertebra. Smyth, who tiwl this artery in the living subject, found it, in one of his dissections, 
passing into the foramen in the seventh vertebra. 
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of the atlas. The fourth fart pierces the dura mater and inclines inwards to the 
front of the medulla oblongata ; it is placed between the hypoglossal nerve and 
the anterior root of the suboocipital nerve and beneath the first digitation of the 
ligamentuni dcnticulatum. At the lower border of the pons Varolii it unites with 
the vessel of the opposite side to form the basilar artery. 

The branches of the vertebral artery may be divided into two sets -those 
given off in the nock, and those Avithin the ei’aniuin. 

Cervical Branches. Cranial Bramh’Cs. 

Spinal. Posterior meningeal. 

Muscular. Anterior spinal. 

Posterior spinal. 

Posterior inferior ecrcljollar. 

Bulbar, t 

Spinal branches (rami .sjunales) enter the spinal canal through the inter¬ 
vertebral foramina, and each divid<'S into two branches. Of these, one jiasses 
along 1,1m roots of the nerves to supply the spinal cord and its membraties, 
anastomosing with the other arteries of the spinal cord ; the other divides into an 
ascending and a descending branch, which unite w'ith similar branelies from the 
arteries above and below, so that two lateral anastomotic chains arc formed on the 
posterior surfaces of the bt)dies of the vertebra^ near the attachment of the jiedicles. 
From these ana.stoinolic chains branches are supplied to the periosteum and the 
bodies of the vertebrae, and others form eommunicalions mth similar branches 
from the opposite side ; from these communications small twigs arise w^hicli join 
similar branches above and below, to form a C(uitral anastomotic chain on the 
posterior surface of the bodies of the vertebra'. 

Muscular branches are given off to the deep muscles of the neck, where the 
vertebral artery curves round the articular ]>rocess of the. atlas. They anastomose 
with the occipital, and with tlu' ascending and deep cervical arteries. 

liic posterior meningeal (ramus namijigeus) springs from the vertebral ojjposite 
the foramen magnum, ramifies between the bone and dura mater in the cerebellar 
fossa, and supplie.s the falx cerebelli. It is frequently represented by one or 
tw'o small branches. 

The anterior spinal (a. S])inalis anterior) is a small branch, which arises near 
the termination of the vc'rtebral, and, descending in front of the nu'dulla oblongata, 
unites with its fellow of the oppo.site side; at the level of the foramen magnum. 
One of these vessels is usually larger than the other, but (tccasionally they are 
about etpial in size. The single trnnlv. thus formed, di'scends on the front of 
the spinal cord, and is reinforced by a succession of small branches which 
enter the spinal canal through the intervertebral foraTiiina ; these branches are 
derived from th(! vertebral and ascendijig cervical of the iiiferior thyroid in the 
neck: from the intercostals in the thorax; and from the lumbar, ilio-lumbar, 
and lateral sacral arteries in the abdomen and pelvis. They unite, by means of 
ascending and descending branches, to form a single anterior median artery, 
w'hich extends as far as the lower ])art of the spinal cord, a)id is continued as a 
slender twig on the filum terminale. This vessel is placed in the pia mater along 
the anterior median fissure ; it supjdies that membrane, and the substance of the 
cord, and sends off branches at its low'^er part to be distributed to the cauda equina. 

The posterior spinal (a. spinalis posterior) arises from the vertebral, at the 
side of the medulla oblongata ; passing backwards to the posterior aspect of the 
spinal cord, it descends on the spinal cord, lying in front of the posterior roots 
of the spinal nerves, and is reinforced by a succession of small branches, which 
enter the s])inal canal through the int«uvertebral foramina; by means of these it is 
continued to tlui h)wer part of tlu? cord, and to the cauda equina. Branches 
from the posterior spinal .irteries form a free anastomosis round the posterior roots 
of the spinal m rv*-s, and communicate, by means of very tortuous transverse 
branches, w'ith the vessels of the opposite side. Close to its origin each gives 
off an ascending branch, w hicli terminates at the side of the fourth ventricle. 

Ajypiied AvaUmy. —Bleeding into the spinal membranes or into the sulmtance of the 
spinal cord itself is not common, but may occur from injuries received at birth when labour^ 
is unduly prolonged or instruments are used. It is also met with in chronic insanity, and 
in tetanus or strychnine poisoning. 
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The posterior inferior oerebeUar (a. cerebelli inferior posterior) (fig. 582), the 
largest branch of the vertebral, winds backwards round the upper part of the 
medulla oblongata, passing between the origins of the pneumogastric and spinal 
accessory nerves, over the rcstiforni body to the under surface of the cerebellum, 
where it divides into two branches. The ititernal branch is continued backwards 
to th(i notch between the two hemispheres of the cerebellum ; while the external 
supplies the under surface of the ccsrebcllum, as far as its outer border, where 
it anastomoses with the anterior inferior cerebellar and the superior cor(d)ellar 
brajiches of the basilar artery. Branclu'S from this artery supply the choroid 
plexus of the fourth ventricle. 

The bulbar arteries are several minute vessels which spring from tlu! vertebral 
and its hranchcis and are distributed to the. medulla oblongata. 

The basilar artery (a. basilaris) (fig. 582), so named from its position at tlu^ 
bast! of the skull, is a single trunk formed by the junction of the two vertebral 
arteries ; it extends from the posterior to the anterior border of the pons \'arolii, 
lying in its median groove, under cover of the arachnoid. It ends by dividing 
into the two posterior cerebral arteries. 

Its branciies, on cither side, are the folowiug : 

Transverse!. Autf’-ior inferior cerebellar. 

Auditory. Superior cerebellar. 

Posterior cerebral. 

'PLo transverse branches (rami ad pontem) are a number of small vessels which 
come oil at right angles on either side of the basilar artery and supjdy the pons 
Varolii and adjacent jtarts of the brain. 

1'he. auditory (a. auditiva interna), a long slender branch, arises from near the 
middle of the artery; it accompanies the corresponding auditory nerve into the 
int(irnal auditory meatus, and is distributed to the internal ear. 

The anterior inferior cerebellar (a. cei(!l)elli inferior unteri<n) passes back¬ 
wards, to be distributed to the anterior part of the under surface of the cerebellum, 
anastomosing with the posterior inferior ci!rebe.llar branch of the vertebral. 

'Pile superior cerebellar (a. cerebelli su])erior) arises near the terminatio]i 
of the basilar. It passes outwards, inimediatelv behind the third nerve, which 
separat(!s it from the poste.rior c(!rebra1 artery, winds round the crus cerebri, cHose 
to the fourth nerve, and, arriving at the upper surface of the cerebellum, tUvides 
into br.'inclu'.s which ramify in the pia mater and anastomose with the branches 
of the inferior cerebellar artcr}'. Several branches are given to the pineal gland, 
the valve of Vieussens, and the velum inteiiiositum. 

The posterior cerebral (a. cerebri posterior) is larger than the preceding, from 
which it, is separated near its origin by the third nerve. Passing outw'ards, 
parallel to the superior cerebellar artery, and r(!ceiving the posterior communi¬ 
cating fiom the internal carotid, it winds round the crus cerebri, and roaches the 
under surface of the occij)ital lobe of tlu! cerebrum, where it breaks up into 
braiK’hes for the supply of the temporal and occipital lobes. 

The branches of the posterior cerebral artery are divided into two sets, 
ganglionic and corti(!al: 

(Postero-median. / Anterior temporal. 

Ganglionic , Posterior choroidal. ., ... 1 Posterior temporal. 

(Postoro-latcral. ^ 1 Calcarine. 

V Parieto-occipital. 

Ganglionic. —The postero-median ganglionic brawhes (fig. 582) arc a group of 
small arteries which arise- at the commencement of the posterior cerebral artery': 
these, with similar branches from the posterior communicating, pierce the posterior 
perforated space, and supply the internal surfaces of the thalami and the walls of 
the third ventricle. The posterior choroidal branches enter the interior of the brain 
beneath the splcnium of the corpus callosum, and supiily the velum interposituni 
and the choroid plexus. The postero-lnleral ganglionic branches are small arteries 
which arise from the posterior cerebral artery after it has turned round the crus 
'cerebri; they supply a considerable portion of the thalamus. 

Cortical. —The cortical branches are : the anterior temporal, distributed to the 
anterior parts of the uncinate and occipito-temporal gyri; the posterior temporal. 
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td the oceipito-temporal and the third temporal convolutions ; the calcarine to the 
cuneate and lingual lobules and the back part of the outer surface of the occipital 
lobe ; and the parieto-occipital to the cuneus and the quadrate lobe. 

2. The thyroid axis (truncus thyreocervicalis) (fig. 590) is a short thick 
trunk, which arises from the front of the first portion of the subclavian artery, 
close to the inner border of the Scalenus anticus, and divides almost imme¬ 
diately int o three branches, the inferior thyroid, svprascapular, and transverse 
cervical. 

The inferior thyroid artery (a. thyrcoklea inferior) passes ui)wardvS, in front 
of the vertebral artery and Longu.s colli muscle ; then turns inwards behind the 
carotid sheath and its contents, and also behind the sym])athctic cord, the middle 
cervical ganglion resting u})on the vessel, lieaching the lower border of the lateral 
lobe of the thyroid gland it divides into two branches, which supply the i)ostero- 
inferior parts of the gland, and anastoniose with the superior thyroid, and with 
the ■ corresponding artery of the opposite side. The recurrent laryngeal nerve 
passes upwards generally behind, but occasionally in front of, the artery. 

The brandies of the inferior tliyroid are : 

Inferior laryngeal. (Esophageal. 

I’raclieal. . Ascending cervical. 

Muscular. 

The inferior laryngeal branch (a. laryngca inferior) ascends upon tho trachea to tlie 
back pari of the larynx under cover of tho Inferior constrictor, in company with tlic 
recurrent laryngeal nerve, and supplies the muscles and mucous membrane of this part, 
anastomosing with the branch from tho opposite side, and with the laryngeal branch 
from the sujJorior thyroid artery. 

The tracheal branches (rami trachealcs) are distributed ujion tho trachea, anastomosing 
below w'ith the bronchial arteries. 

I’lie oesophageal branches (rami msoiihagei) supply th(! oesophagus, and anastomose 
with the oesophageal branches of llic aorta. 

Tlie ascending cervical (a. <'ervicalis a.s<-endcn,s) is a small branch ■\vhi(!h ari.scs from the 
inferior thyroid, just where that vcs.sel is ])assing heiiind tins carotid sheath, and runs up 
on tho anterior tubercles of the transverse jjror('sses of tho (jervical vertebra* in the interval 
between the Scalenus antieiis and Rectus caj)ifJs !inticus major. It gives to tlie muscles 
of the neck branches w'hieh anastomose with branches of the vertebral, and it sends one 
or two twigs (rami Hj)inid(‘s) into the spinal eiuial through the intervertebral foramina 
to bo distributed to the spinal coni and its membranes, and to the bodies of the vertebra*, 
in the same manner as the lateral spinal branches from the vertebral. It anastomost's 
with the ascending pharyngeal and occiihtal arteries. 

Hie muscular brauches supply tho dejirossors of the hyoid bone, the Longus colli, 
the Scalenus anticus, and the Inferior constrictor of the pharynx. 

The suprascapular artery (a. tjausv ersa scapulae) (fig. 592) passes at first down¬ 
wards and outwards across the Scalenus anticus and phrenic nerve, being eove.red 
by the Sterno-mastoid ; it then crosses the subclavian artery and the cords of the 
brachial plexus, and runs outw'ards, behind and parallel wnth the clavicle and 
Suhclavius, and beneath the jxjsterior belly of the Onio-hyoid, to the superior border 
of the scapula; it passes over the transverse ligament of the scapula, which 
separates it from the suprascapular nerve, and enters the supraspinous fossa. 
Ill this situation it lies close to the hone, and ramifies between it and the Supra- 
spinatus, to wdiicli it supplies bram-hes. It then descends behind the neck of the 
scapula, tlirough the great scapular notch, to reach the irifraspinous fossa, whore 
it anastomoses with tho dorsalis scapula; and posterior scapular arteries. 
Besides distributing branches to the Hterno-mastoid, Suhclavius, and neighbouring 
muscles, it gives off a suprasternal branch, which crosses over the sternal end of the 
clavicle to fin* skin of the upper part of the chest j 'aiid a supra-acromial branch, 
which pierces the Trapezius ami supplies the skin over the acromion, anasto¬ 
mosing W'ith the acrtunio-thoracic artery. As the artery passes over the transverse 
ligament of the scaprila, a branch of it descends into the subscapular fossa, ramifies 
beneath the Suhseapularis, and anastomoses with the posterior and subscapular 
arteries. It also sends articular branches to the acromio-clavicular and shoulder 
joints, and a nutrient artery to tho clavicle. 

The transverse cervical artery (a. transversa colli), larger than the supra¬ 
scapular, passes transversely outwards, across the upper part of the subclavian 
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tnangle, to the anterior margin ol the Trapezius muscle, beneath which it divides 
into two branches, the superficial cervical and the posterior scapular. ' It crosses in 
front of the phrenic nerve 

and bcaleni muscles, and in Fig. 592.—^The scapular and circumflex arteries, 
front of or between the divi¬ 
sions of the brachial plexus, 
and is coveretl by the 
Platysma, Sterno-inastoid, 

Omo-hyoid, and Trapezius 
muscles. 

The superficial cervical 
(ramus ascendens) ascends 
beneath the anterior margin 
of the Trapezius, distri¬ 
buting branches to it, aiul 
to the neighbouring muscles 
and glands in tlie neck," and 
anastomoses with the super¬ 
ficial branch of the arteria 
princeps cervicis. -•< 

The posterior scapular 
(ramus descendens) (fig. 

592) passtis beneath the 
Levator auguli scapulas to 
the superior angle of the 
scapula, and then descends 
along the postericjr border 
of that bone as far as the 
inferior angle. It is covered by the Rhomboid muscles, supplying the.m and the 
Lalissimus dorsi and Trapcizius. and anastomo.sing with the suprascapular and sub- 
8ca])ular arteries, and with the pf)stcrior branches of sonui of the intercostal arteries. 

Penilkirities. —The superficial cei vical frequently arises as a separate branch from the 
thyroid axis ; and tlie jiostorior scapular, from the third, more rarely from the second, 
pari of tJic subclavian. 

3. 'I'lio internal mammary (a. niamniHria interna) (fig. 593) arises from 
the under surfaee of the first portion of the subclavian artery, opposite the 
thyroid axis. It descends behind the cartilages of the ujiper six ribs at a 
distance of about half an inch from the margin of the sternum, and at the 
level of the sixth intercostal space divides into the muscvlo-phrenic and 
superior cpujustric arteries. 

Relations. — It. is directed at first downwards, forwanls, and inwards behind 
the inner end of the clavicle, the subclavian and internal jugular veins, and 
the first costal cartilage. As it enters the thorax it is crossed from without 
inwards by the phrenic nerve, and passes forwards close to the outer side of the 
innominate vein, lielow the first costal cartilage it descends almost vertically 
to its point of bifurcation. It is covered in front by the Pectoralis major and the 
cartilages of the upper six ribs with their intervening intercostal muscles, and is 
crossed by the terminal portions of the upper six intercostal nerves. Behind, it 
rests on the pleura, as far as the tliird costal cartilage ; below this level, upon the 
Triangularis sterni muscle. It is accompanied by a pair of veins; these unite 
above to form a single vessel, which passes to the inner side of the artery and ends 
in the corresponding innominate vein. 

The brancheg <>f tiie_internal mammary are : 

Anterior intercostal. 

Perforating. 

Musculo-phrenio. 

Superior epigastric. 

The comet aervi phrenici (a. pericardiacophrenica) is a long slender branch, which 
aooompanies the phrenic nerve, between the pleura and pericardium, to the Diaphragm, 
to which it is distributed ; it anastonioses with the other phrenic arteries from the internal 
mammary and abdominal aorta. 



'nwt'vi ptii'oniaii» 
Mediastinal. 
Pericardial. 

Sternal. 



AmimmY 


The hraaohM (aa. mediaatinales anterioFcs) are small vessels, distributed 

to the areolar tissue and Ijmphatic glands in the anterior mediastinum, and to the remains 
of the thymus gland. 

Fig. 693.—The internal mammary artery and its branches. 
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He pericardial branches supply the upper part of the anterior surface of the peri¬ 
cardium, the lower part receiving’branches from the musculo-phrenic artery. 

The sternal branches (rami sfrmales) are distributed to the Triangularis sterni, and 
to the posterior surface of the sternum. 
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The mediastinal, pericardial, and sternal branches, together with some twigs 
the comes nervi phrenici, anastomose with branches from fiie intercostal and l^nchial 
arteries, and form a minute plexus beneath the pleura, which has been named by Turner 
the snbfleural mediastinal plexus. 

The anterior intercostal branches (rami intercostales) supply the upper five or six 
intercostal spaces. Two in number in each space, these small vessels pass outwards, one 
l.ying near the lower margin of the rib above, and the other near the ui»por margin of the 
rib below, and anastomose with the intercostal arteries from the aorta. They arc at first 
situated between the pleura and the Internal intercostal muscles, and then between the 
Internal and External intercostal muscles. They supply the Intercostal muscles and, 
by branches which perforate the External intenjostal muscle, the Pectoral muscles and the 
mammary gland. 

The perforating branches (rami perforantes) correspond to the five or six upper inter¬ 
costal spjices. They pass forwards through the intercostal spaces, and, curving outwards, 
sii])ply the Pectoralis major and the integument. Those -whieh correspond to the second, 
tliird. and ffuirth spaces are distributed to the mammary gland, and during lactation 
are of large size. 

The mUBCulo-phrenio (a. nmsculophreiiiea) is directed obliquely downwards 
anil outwards, behind the cartilages of the. false ribs, ptsrforates the Diaphragm 
at the eighth or ninth costal cartilage, and terminates, considerably reduced in 
.size, opposite the last intercostal space. It gives off anterior intercostal arteries 
to the si'ventli, eighth, and ninth inferco.stal .spacc.s ; thc.se diniini.sh in size as the 
spaces tlecrcase in length, and are distributed in a manner precisely similar to the 
anterior bitercostals from the internal jnamiuarv. The musculo-phreuic also gives 
branches to the lower part of the pericardium, and others w'liich run backwanls to 
tlie Diaphragm, and downwards to the abdo'minal muscles. 

The superior epigastric (a. epigastriea superior) continues in the original 
direction of the internal mammary ; it descends through tlie cellular iiitiwval 
between the costal and sternal attachments of the Diaphragm, and enters the 
slieath of the Rectus abdominis niu-scle, at first lying behind the, muscle, aud then 
])erforating and supjilying it, and ana.stoniusiiig with the deep epigastric artery 
from the external iliac. Some ve.ssels perforate 1 he anterior wall of the sheath of the 
Rectus, and supply the muscles of the abdomen and the integument, and a small 
branch, wliich passes inwards upon the side of the ensiform appendix, anastomoses 
in front of that cartilage with the artery of the opposite side. It also gives some 
twigs to the Diaphragm, while from the artery of the. right side, small branches 
extend into tlie falciform ligami'iit of the liver and anastomose with the hepatic 
arter}'. 

Applied Anatfimi /.—The course of tlie internal mammary artery may bo defined by 
a line drawn half an inch outside aud parallel with tlie sternal margin. The vessel is 
liable to be wounded in stabs of the cliost-wall and in tho operation of paracentc.sis 
pericardii (page COO). It is must easily readied by a transverse incision in tlie seeond 
intercostal space. 

4. The superior intercostal (trunous eostoecrvicalis) (fig. 580) arises 
from the up})or and back part of tlie subclavian artery, behind tho Scalenus 
anticus on the right side, and internal to that muscle on the left side. 
Passing baekward^s, it gives off the profunda cervicis, and tlien descends behind 
the pleura in front of the ni'cks of tho first and second ribs, and anastomoses 
w'itli the first aortic intercostal. As it crosses the neck of the first rib it lies 
to the inner side of the anterior division of the first thoracic nerve, and to the 
outer side of the first thoracic ganglion of the sympathetio. 

In the first intercostal space, it gives off a branch which is distributed in a 
manner similar to the distribution of the aortic intcrcostals. The branch for the 
second intercostal space usually joins with one from the highest aortic intercostal. 
This branch is not constant, but is more commonly found on the right side ; when 
absent, its place is supplied by an intercostal branch from the aorta. Each inter¬ 
costal gives off a branch to the posterior spinal muscles, and a small one which 
passes through the corresponding intervertebral foramen to the spinal cord and its 
membranes. 

The proftinda cervicis (a. cervicalis profunda) arises, in most cases, from the 
superior intercostal, and is analogous to the posterior branch of an aortic, inter¬ 
costal artery : occasionally it is a separate branch from the subclavian artery. 
Passing backwards, above the eighth cervical nerve and between the transverse 
process of the seventh .cervical vertebra and the neck of the first rib, it runs up 
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the back of the neck, between the Complexus and Semispinalis colli, as high as 
the axis, supplying these and adjacent muscles, and anastomosing with the deep 
branch of the arteria princeps cervicis of the occipital, and with branches which 
pass outwards from the vertebral. It gives off a special branch which enters 
the spinal canal through the intervertebral foramen between the seventh cervical 
and first thoracic vertebrae. 

The Axilla 

The axilla is a pyramidal space, situated between the upper lateral part 
of the chest and the inner side of the arm. 

Boundaries. —Its apvx, udiich is directed upwards towards the root of 
the neck, corrcsiionds to tlie interval between the first rib, the upper border 
of the scapula, and t he clavicle, and through it the axillary vesstJs and nerves 
pass. The base, din‘(ited downwards, is formed by the integument and a thick 
layer of fascia, the axillary fascia, extending between the lower border of the 
Pectoralis major in front, and the lower border of the Latissimus dorsi behind ; 
it is broad internally, at the chest, but naiTow and pointed externally, at the 
arm. The anterior wall is formed by the Pecdoralis major and minor muscles, 
tlie former covering the ■whole of the anterior wall, the latter only its central 
j)art. The space between the inner border of the Pectoralis minor and the 
clavicle is occupied by the costo-eoracoid membrane. The fmslerior wall, 
which extends .someuliat lower than the anterior, is formed by the Sub- 
scapularis above, the Teres major and Latissimus dorsi below. On the inner 
side are tlie first four ribs with their corresponding Intercostal muscles, and 
part of the Serratus magnus. On the outer side, where the anterior and 
posterior walls converge, the s])aee is narrow, and bounded by the humerus, 
the Coraco-brachialis, and the lliceps. 

Contents.—It contains the axillary vessels, and the brachial plexus of 
nerves, with their branches, some branches of the intercostal imrvcs, and a 
large number of lymphatic glands, togetlier Avith a. quantity of fat and loose* 
areolar tissue. 'i’hc axillary artery and vein, nith the brachial plexus of 
nerves, extend obliquely along the outer boundary of the axilla, flora its apex 
to its base, and are placed much nearer to the anterior than to the posterior 
wall, the v(‘in lying to flu* inner or thoracic side of the artery and partially 
concealing it. At the fore part of the axilla, in etmtact with the IN'ctoral 
muscles, are the thoracic branches of the axillaiy artery, and along the, lower 
margin of the Pectoralis minor tln^ long thoracic; arteiy extends to the side 
of the chest. At the back part, in contact with the lower margin of the 8ub- 
seapularis, arc the subsc,a])ular v<*ssels and nerves ; winding around the outer 
border of this muscle are the dorsalis scajndac vessels; and, close to the ncic.k 
of the humerus, the posterior circumflex vessels and the circumflex nerve crave 
backwards to the shoulder. 

iUong the inner or thoracic side no vessel of any importance exists, the 
uijper part of the space being crossed merely by a few small branches from 
the superior thoracic artery. There are some important nerves, however, 
in this situation, viz, the posterior thoracic or external respiratory nerve, 
descending on the surface of the Serratus magnus, to which it is distributed; 
and the intercosto-huimsral nerve or nerv<;s, perforating the upper and anterior 
part of this wall, and passing across the axilla to the inner side of the arm. 

The position and arrangement of the lymphatic glands are described on 
a subsequent page. 

Apj^ied Anatomy .—The axilla is a sf>ace of considerable surgical imi)ortaiico. It 
transmits the large vessels and nerves to the upper extremity, and these may be the seat 
of injury or disease ; it contains numerous lymphatic glands which may require removal ; 
in it is a quanl.ily t)f loose connective and atliposo tissue which may bo readily infiltrated 
with blood or inliammatory exudation; and it may be the seat of rapidly gro'wing tumours. 
Moreover, it is cowred at its liase by thin skin, which is largely supplied with sebaceous 
and sweat glands, and is frequently the seat of small cutaneous abscesses and boils. 

Penetrating womuU in the axilla are sometimes accompanied by extensive hajmor- 
rhage, either from wound of the main vessels, or of one of the largo branches of the axillary 
artery, e.g. the long thoracic or the snbscapular. Where the blood cannot find an easy 
exit externally, it collects in the axillary space and forms a large swelling which projects 
in the floor of the axilla and also bulges forwards the Pectoralis major. The treatment 
oonaists in freely opening up the cavity and searching for and securing the bleeding vessel. 
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In mppuratiun in the axilla, the arrangement of the fasciae pla 3 rH a very important 
part in the direction which the pus takes. As dcscrilK^d on page 629, the costo-ooracoid 
membrane, after covering in the space between the clavicle and the upper border of the 
PectoraUs minor, splits to enclose this muscle, and, reblending at its lower border, becomes 
incorporated with the axillary fascia at the anterior fold of the axilla. This is known as 
the clavipectnral Jascia. Suppuration may take place either superficial to or beneath 
this layer of fascia ; that is, either between the Pectorals or below the Pectoralis minor: 
in the former case, the abscess would point either at the anterior border of the axilhiry 
fold, or in the groove Instween the Deltoid and the Pectoralis major; in the latter, the 
pus would have a tendency to surround the vessels and nerves, and ascend into the neck, 
that being the direction in which there is least rosistence. Its progrc.ss towards the 
surfa<-.c is prevented by the axillary fascia ; its progress backwards, by the insertion of 
the Serratus magrius ; forwards, by the clavipectoral fa.scia; inwaixls, by the wall of 
the thorax ; and outwards, by the upper limb. The pus in these cases, after extending 
into the neck, has been known to spread through the suiwrior opening of the thorax into 
the mediastinum. Some instances have been recorded where the pus found its way 
alotig the course of the vessels into the upper arm. 

In opening an axillary alwcoss, the knife should be entered in th(? floor of the axilla, 
midway Iwtween tlie anteWor and posterior margins and near the thoracic side of the 
space. After an incision has Injen made through the skin and fascia it is well to use a 
director and dressing forctsjw in the manner directed by Hilton. 

The relations of the vessels and nerves in the several parts of the axilla arc important, 
for it is the almost universal plan, in tlie ])res(tnt dity, to remove the glands from the axilla 
in operating for cancer of the breast, lii performing such an operation, it is necessary 
to proceed with much caution in the dire<!tion of tluj outer wall and apex of the space, as 
here the axillary vessels are in danger of Ixiing wounded. The subscapuhir, dorsalis 
scapnkc, and [)oslerior cirenmlli'x vessels on the posterior wall and the thoracic branches 
along the anterior wall must be avoided. In clearing out the axilla, the axillary vein 
should Imi lirst deKned anil traced \i]) to the ajH*x of the space by means of an elevator 
or other blunt instrument. Tlie J’cctoralis major is retracted by an assistant; or, as is 
more commonly the practice in the ])i-c.sent day, the sternal origin of this muscle is first 
removed. This proceeding not only lessens the chance of recuiTencc of the disease, but also 
enables the surgeon to cl(*ar out the axillary cavity more thoroughly. When the ai»cx of 
the space is reached all fat and glands must be caix'fully removed and the whole axilla 
cleared by sc 2 >arating the tissues along the inner and posterior walls, so that when the 
proci'eding is eomydeted the axilla is emptied of all its contents except the main vessels 
and nerves. 


Axillaiiy Artery 

T’he axillary artery (a. axillaris) (fig. 594), the continuat ion of 1 ho subclavnan, 
coniinonccs at the outer border of the first rib, and torniinates at the lower 
bolder of tlio tendon of the Tores inajoi' muscle, u hore it takes the name of 
brachial. Its diroetion varies with the position of the limb : thus the vessel 
is nearly straight when the arm is directed at right angles with the Irunk, 
oneave upAvards wlien the arm is elevated above this, and convex upAA'ards 
and outwards when tlie arm lies by the side. At its coinmencement the artery 
is very deeply situated, but near its termination is superfieial, being covered 
only by tlio skin and fascia. To facilitate tlic description of the vessel it is 
divided into tliree ijortions ; the first part lii's above, the second behind, and 
the tliird below tlie Pectoralis minor. 

The first portion of the axillary artery is in relation, in front, with the'clavicular 
portion of the Pectoralis major, the costo-coracoid membrane, the external anterior 
thoracic nerve, and the acromio-thoracic and cephalic veins ; behind, with the first 
intercostal space, the corresponding Intercostal muscle, the first and second digi- 
tations of the Serratus magnus, and the posterior thoracic and internal 
anterior thoracic nerves; on its outer side, with the brachial plexus, from 
which it is separated by a little areolar tissue ; on its inner, or thoracic side, with 
the axillary vein which overlaps the artery. It is enclosed, together with the 
axillary vein and the brachial plexus, in a fibrous sheath—the axillary sheath — 
continuous above with the deep cervical fascia. 

The second portion of the axillary artery is covered, in front, by the 
Pectorales major and minor ; behind it, is the posterior cord of the brachial plexus, 
and some areolar tissue which intervenes between it and the Subscapularis muscle; 
on the inner side is the axillary vein, separated from the artery by the imicr cord of 
the brachial plexus and the internal anterior thoracic nerve; on the outer side is the 
outer cord of the brachial plexus. The brachial plexus of nerves thus surrounds 
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the artery on throe sides, and separates it from direct contact with the vein and 
adjacent muscles. 

The third portion of the axillary artery extends from the lower border of the 
Pectoralis minor to the lower border of the tendon of the Teres major. In front., it 
is covered by the lower part of the Pcictoralis major above, but only by the 
integument ajid fascia below ; behind, it is in relation with the lower part of the 
Subscapularis, and the tendons of the Latissiinus dorsi and Teres inajor ; on its 


Fio. 594.—The axillary artery and its branches. 



outer side is the Coraco-brachialis, and on its iimer, or thoracic side, the axillary 
vein. The nerves of the brachial plc.xns bear the following relations to this ])art 
of the artery : on the outer side are the outer head and trunk of the median, 
and the musculo-cutaneous for a short distance ; on the inner side the ulnar 
(between the vein and artery) and lesser internal cutaneous nerves (to the inner 
sideof the vein); in front are the inner head of the median and the internal cutaneous, 
and behind, the musculo-spiral and circumflex, the latter only as far as the lower 
bonier of the Subscapularis. 

Rvrface Marking .—The course of the axillary artery may be marked out by raising 
the arm to a right angle and drawing a lino from the middle of the clavicle to the ytoint 
where the tendon of the Pectoralis major crosses the prominence caused by the (.'oraco- 
bra<‘hialis as it emerges from imder cover of the anterior fold of the axilla. The third 
portion of the artery can be felt pulsating beneath the skin and fascia, at the junction of 
the anterior with the middle third of the space bctw’een the anterior and posterior folds 
of the axilla, close to the inner border of the Ooraoo-brachialis. 

Applied Anafomp.—Compression of the vessel maybe required in the removal of 
tumours, or in amputation of the upper part of the arm ; and the only situation in which 
this can be effectually made is in the lower part of its course ; by pressing on it in tliis 
situation from within outwards against the humerus, the circulation may be effectually 
arrested. 

With the exception of the popliteal, the axillary artery is perhaps more frequently 
lacerated than any other artery in the body by violent movements, especially in those 
cases 'where its coats are diseased. It has occasionally been ruptured in attempts to 
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reduce old dislocatiunH of the shoulder-joint. This lesion is most likely to occur during; 
the preliminary breaking down of adhesions, in cases whore the artery has become fixed 
to the capsule of the Aneurysm of the axillary artery sometimes ocemrs : a large 

number of tho^H^ a't^ traumatic in their origin, due to the injuries to which the 
artwy is expo^iPPin the'^aried, extensive, and often violent movements of the limb. 

The apjilicattott, of oM^.ure to the oadUnry artery may be required in cases of aneurysm 
of the upper partof^^j^chial.or as u distal operation for aneurysm of the subclavian ; 
and there are onkN|H^^M|bius in which it can be secured, viz. in the first and in the 
third parts «^|||^HH|HK|m^U|(#xillary artery at its central part is so deeply seated, 
and, at l1ii"j||ii|||m|p|M[wO ' surroimdcd with largo nervous tranks, that flic 
gpplicatiott'iWriw ^BK ^ BlM ^tere would be almost impractioable. 

In the third pjHljn||Hpnrse the operation is most simple, and may be porforinod 
in the following nrH^R^The patient being placed on a bed, and the arm sejiarated 
from the side, wdth tho'^nd sujiinatcd, an incision about two inches in length is made 
through the integument forming the fioor of the axilla, a little nearer to the anterior than 
to the posterior fold of the axilla. After carefully dissecting through the areolar tissue 
and fascia, the median nerve and axillary vein are exposed ; the former is displaced 
to the outer, and the latter to the inner side of the arm, the elbow being at the same time 
bent so as to relax fhe sfructures and facilitate their separation; the ligature may be 
passed round the artery from the ulnar to the radial side. This portion of the artery is 
occasionally crossed by a mu.scular slip, the axillary are.h (xmge 490), derived from the 
Latissimus dorsi. 

The first portion of the axillary arfeiy may bi tied in cases of aneurysm eiuiroaching 
so far upwards that a ligature cannot be applied in the lower part of its course. Not¬ 
withstanding that this ojieration has been performed in some few patients with success, 
its fierforrnancc is attended with much difficulty and danger. The student will remark 
that, in this situation, it would be necessary to divide a thick muscle, and, after incising 
the costo-coracoid membrane, the artery would be exposed at the bottom of a more or 
less deep space, with the cephalic and axillary veins in sucli relation with it as mn.st render 
the application of a ligature to it particularly hazardous. Under such circumstances, 
it is an easier and, at the same time, more advisable o|jcration. to tie the third part of 
the subclavian artery. 

^riie first part of the axillary can be best secured by a curved incision with the 
convexity downwards from a point half an inch external to the sterno-clavicular joint 
to a point half an inch infernal to the coracoid process. 'Fhe limb is to be well abducted 
and the head inclined to the ojqiositc side, and the incision carried through the superficial 
structures, carp being taken of the cephalic vidn at the outer angle of the incision. The 
clavicular origin of the Poctoralis major is then divided in the whole extent of the wound. 
The arm is now' brought to the side, and f.hc ujijior edge of the Pectoralis minor defined 
and drawn downw'ards. Hie ^•oslo-coracoid membrane is carefully divided on a director, 
close to the coracoid process, and the axillary sheath exposed ; this is to be opened with 
es])('cia1 care on account of the vein overlapping the arfeiy. The needle should be passed 
from below, so as to a^’oid wounding fhe vein. 

(■olJatrrnl cirmlitlion afttr Ityafure of the aiillary artery .—If the arterv be tied above 
the origin of the acrornio-thoracic, the collateral circul.ation will -he carried on by the 
same branches as after fhe ligature of fhe subclavian ; if at a lower point, between the 
•icromio-thoracie and suliscapular arteries, the latter vessel, by its free anastomoses with 
(.lie otliei scapular arteries, branches of the suixjavian, will become the chief agent in 
carrying on the circulation ; the long thoracic, if it lx? below the ligature, w ill materially 
contribute by its anastomoses with the intercostal and infernal mammary arteries. 
If the point included in the ligature is below the origin of the subscapular artery, it will 
most probably also be below the origins of the two circumflex arteries. The chief agents 
in restoring the cirAlation will then be the subscapular and the two circumflex arteries 
anastomosing with the superior profunda from the brachial. The cases in which the 
operation has been performed are few in numlier, and no published account of dissections 
of the collateral circulation appears to exist. 


The branches of the axillary artery are : 


Frcm first part, Superior thoracic. 

From third part 


Acrornio-thoracic. 


From second part Long thoracic. 

I Alar thoracic. 

Subscapular. 

Posterior circumflex. 

Anterior circumflex. 


1. The superior thoracic (a. thoracalis suprema) is a small artery, which 
may arise by a common trunk with the acrornio-thoracic. Running forwards 
and inwards aloiig the upper border of the Pectoralis minor, it passes between it 
and the Pectoralis major to the side of the chest. It supplies these muscles, and 
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the parietes of the thorax, anastomosing with the internal mammary and inter¬ 
costal arteries. 

2. The acromio-thoracic (a. thoracoacromialis) is a short trunk, which arises 
from the fore part of the axillary artery, its origin being generally overlapped by 
the upper edge of the Pectoralis minor. Projecting forwards to the upper border 
of this muscle, it pierces the costo-coracoid membrane and divides into four 
branches— ‘pectoral, acromial, clavicular, and humeral. The pectoral branch (ramus 
pectoralis) runs forwards and inwards between the two Pectoral muscles, and 
IS distributed to them and to the mammary gland, anastomosing with the inter¬ 
costal branches of the internal muTninary. The acromial branch (ramus acromialis) 
is directed outwards towards the acromion, supj)lying the Deltoid muscle, and 
anastomosing, on the surface of the acromion, with the su])rascapular and posterior 
circumflex arteries. Th(i cinviculnr branch (ramus clavicularis) runs upwards and 
inwards to the slerno-cliivicjular joint, sn})plying this articulation, and the Sub- 
clavius muscle. The humeral branch (riimiis dcltoideus) passes, in the same groove 
as the cephalic vein, Is'twecn the P<ictoralis major and Deltoid, and gives branch(^8 
to both muscles. 

3. The long thoracic (a. thoracalis lateralis) passes downwards and inwards 
along the lower border of th(! Pectoralis minor to the side of the chest, supplying 

the Serratus magnus, the. 
Pectoral muscles, and mam¬ 
mary gland, and s('nding 
branclnss acro.ss the axilla to 
the axillary glands and Sub- 
scapularis; it anastomoses 
with the internal mammary 
and intercostal arteries. 

4. The alar thoracic is 
a small branch, which sup¬ 
plies tlic glands and areolar 
tissmi of the axilla. Its 
place is frequently taken by 
branches from sonic of the 
other thoracic arteru's. 

5. The subscapular (a. 
subscapularis), the largest 
branch of the axillary artery, 
arises opposite the lower 
border <jf the Snbsca])nlaris, 
and passes downwards and 
backwards along this border 
to the inferior angle of the 
sc.'ip ula, wh ere i t a n as t o I n os(*s 
with the long thoracic and 

intercostal arteries and with the posterior scapular branch of the transvirsalis 
colli, and terminates by supjdying branches to the muscles in the neighbourhood. 
About an inch and a half from its origin it gives oil a branch, the dorsalis scapulw. 

'I’he dorsalis scapulae (a. circumflexa scapuhe) is generally larger than the 
Amtinuation of the subseapular. It curves round the axillary border of the 
scapula^ leaving the axilla through the space between the Subscapularis above, 
the Teres major below, and the long Insad of the Triceps (*xternally (fig. 595); it 
enters the infraspinous fossa under cover of the Teres itiinor, and anastomoses 
with the posterior scapular and suprascapular arteric^s. In its coiirse it gives of! 
two l)ranches : one (injrascapular) enters the subscapular fossa beneath the 8ub- 
scapidaris which it supplies, anastomo.sing wdth the posterior scapular and supra- 
scaf>ular arteries ; tin*, other is continued along the axillary border of the scapula, 
between the 'Ihires major and minor, and at the dorsal surface of the inferior angle 
anastomos<!s with the posterior sctapular. In addition to these, small branches are 
distributed to the back part of the Deltoid muscle and the long head of the Trices, 
anastomosing with an ascending branch of the superior profunda of the brachial. 

6. The posterior circumflex (a. circumflexa humeri posterior) (fig. 596) arises 
from the back part of the axillary artery opposite the lower border of the Sub- 
scapularis muscle, and runs backwards with the circumflex veins and nerve 


Fio. 595.—The scapular and circumflex arteries. 
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through the quadrangular space bounded by the Teres major and minor, the 
scapular head of the Triceps and the humerus. It winds round the neck of the 
humerus and is distributed to the Deltoid muscle and shoulder-joint, anastomosing 
with the anterior circumflex and acromio-thoracic arteries, and with the superior 
profunda branch of the brachial artery. 

7. The anterior circumflex (a. circumflexa hmneri anterior) (fig. 596), con¬ 
siderably smaller than the preceding, arises nearly opposite it, from the outer 
side of the axillary artery. It passes horizontally outwards, beneath the Coraco- 
brachialis and short head of the 

Biceps, lying upon the fore part Pio. 59fi.—The brachial artery, 

of the neck of the humerus. On 
reaching the bicipital groove, it 
gives off an ascending branch 
wliich fiscicnds along the groove 
t<x supply the head of the 
humerus and tlie shoulder-joint. 

The trunk of tlie ^'ossekis then 
continued outwanlt beneath the 
Deltoid, which it supplies, anti 
aTiastomo.ses with the posterhtr 
circumflex artery. 

Peruliaritia/,. —'rite branebos of 
the axillary artery varj' considerably 
in dilfcront subjects. Occasionally 
the subseapular. rircumilex, and 
profunda arteries arista from a com¬ 
mon trunk, and when this occurs 
the branches of the brachial plexus 
suiTound this trunk iristciid of the 
main vessel. Sometimes the axillary 
firtery divides into tlu! radial and 
ubijir arteries, and occasionally it 
gives origin to the anterior inter¬ 
osseous artery of the forearm. 

Bkachi.m. Artery 
(fig. .596) 

'J’ltc Brachial artery (ii. 
bfiichii) comracticca at the lower 
margin of tho tendon of the 
'rercs major, and, £){i.s,sing down 
the inner and anterior a.speet 
of the arm, tcrndmitos about, 
half an inch behtw the bend of 
the elbow, where ii divides itito 
the. nulial and ulnar artc'ries. 

At first the brachial artery lies 
inttirnal to the hunmrus ; but 
as it rims down tluv arm it 
gradually gets in front of the 
bone, and at the bend of the 
elbow it lies midw'ay between 
the two condyles. 

Belations. — The artery is superficial throughout its entire extmit, being 
covered, in front, by the integument and the superficial and d(*.ep fascia?; the 
bicipital fascia lies in front of it opposite the elbow and separates it from the vena 
mediana cubiti; the median nerve crosses it from without inwards opposite the 
iq^rtion of the Ooraco-brachialis. Behind, it is separated from the long head of 
the Triceps by the museulo-spiral nerve and superior profunda artery. It then 
lies upon the inner head of the Triceps, next upon the insertion of the Coraco- 
brachialis, and lastly on the Bracbialis anticus. By its ouier side,^ it is in relation 
with the commencement of themedian nerve, and the Coraco-brachialis and Biceps, 
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the two muscles overlapping the arteiy to a considerable extent. By its inner 
side, its upper half is in relation with the internal cutaneous and ulnar nerves, its 
lower half with the median nerve. The basilic, vein lies on its inner side, but is 
sesparated frenn it in the lower part of the arm by the deep fascia. The artery 
is accompanied by two venas comites, which lie in close contact with it, being 
connected together at intervals by short transverse communicating branches. 


Anatomy of the Bend of the Elbow (anticubital fossa) 

At the bend of the elbow the brachial artery sinks deeply into a triangular 
interval. The base of the triangle is dirwted upwards, aruf is represented by a 
line connecting the two e.ondvlc.s of the humerus; the sides are bounded, 
externally, by the inner edge of the Brachio-radialis, internally, by the outer 
margin of the Pionator teres : the floor is formed by the Braehialis anticus and 
Supinator brevis. This spaet^ (iontains the brachial artery, with its accom¬ 
panying veins: the radial and ulnar arteries; the median and musculo-spiral 
n(*rves ; and the tendon of the Biceps. Tlie brachial artery occupies the 
middle line of the space, and divides opposite the neck of the radius into the 
radial and ulnar arteries ; it is covered, in front, by the integument, the 
sii 2 )erficial fascia, and the vena mcKiiana cuibiti, the vein being separated from 
direct contact with the artery by the bicipital fascia. Behind, it lies on the 
Braehialis anticus, which separates it from the elbow-joint. 'I’lie median 
nerve lies on the inner side of the artery, close to it above, but separated 
from it below by the coronoid origin of the Pronator teres. Tlic tendon of 
the Biceps lies to the outer side of tlu; artery, and still more externally is 
the musculo-spiral nerve which is situated upon the Supinator brevis, and 
concealed by the Brachio-radialis. 


Pecvliarities of tlm hracJiial artery as reqards Us Course. —Th<! brachial artery, accom¬ 
panied by the median ncr\ c, may hiavc tlio inner border of the Biceps, and desetmd towards 
the inner epicondyle of the humerus ; ahout two inches above the epicoiulylc it usually 
in .such ca.ses curves round a prominence of bone, the supracondylar process, from which 
a fibrous arch is in most cases thrown over (he artr'ry: it them inclines outwards, Isuieath 
or tlirough the substance of the Pronator teres, to the bend of the elbow. This variation 
bears considerable analogy with the normal condition of the ai’tery m some of the 
carnivora : it has been referred to in tlm description of the humerus (page 298). 

-•Is regards its dirisifm.—Occasionally, the art<'ry is divided for a short distance at its 
upper part into two trunks, which are united below. A similar peculiarity may occur in 
the main ves'^el of the lower limb. 

The vessels concerned in the high division of the brachial artery are three : vi/. radial, 
ulnar, and interosseous. Most. fre(|uently the radial is given olf high up. the other limb 
of the bifurcation consisting of the ulnar and interosseous. Jn some instances the ulnar 
arises from the brachial above the ordinary level, and the radial and interosseous form 
the other limb of the division ; and occasionally the interosseous arises high uj). 

Sometimes, long slender vessels, iiasa aherrantia, connect the brachial or the axillary 
artery with one of the arteries of the forearm, or branches from them. These vessels 
usually join the radial. 

Varieties in muscular relations.*—T\ie. brachial artery is occasionally concealed, in 
some i>art of its course, by muscular or tendinous slips derived from the Coraco-braohialis, 
Biceps, Braehialis anticus, or Pronator teres. 

Surface Marking .—The direction of the braiihial artery is marked by a line drawn 
along the inner edge of the Bicoyis from the insertion of the Teres major muscle to a 
point midway between the epicondyles of the humerus. 

Ajrplied Anatomy .—Tn spite of the fact that the brachial artery is very superficial and 
but little protected by surrounding tissues, it is seldom wounded. This, no doubt, is due 
to its situation on the inner side of the arm, which is little exposed to injury. ('omivession 
of the brachial artery is required in cases of amputation and some other operations in the 
arm and forearm, and may be effected in almost any part of the course of the artery. If 
pressure be made in the upper part of the limb, it should bo directed from within 
outw'ards ; if in the lower part, from before backwards, as the artery lies on the inner 
side of the humerus above, and in front of it below. The most favourable situation is 
about the middle of the arm, where the artery lies on the tendon of the Coraoo-braohialis 
on the inner surface of the humems. _ 

The applicatvm of a ligature to the brachial artery may be required in ea-ses of woHid 
of the vessel,, ,in some cases of wound of the palmar arch. It is also sometimes 

neoeswtiyijl J i i li pi df aneurj'sm of the brachial, radial, ulnar, or interosseous arteries. The 


* See Struthers’s Anatmnioal and Pkytiologioal Obterraiiorut. 
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artery may be secured iu any part of its course. The chief guides in determining its 
position are the surface markings produced by the inner margins of tiie Coraoo-brachialis 
and Bicei)s, and the known course of the vessel; its pulsation shoidd be carefully felt 
for before any operation is performed, as the vessel occasionally deviates from its usual 
position. It is essential in applying a ligature to this vessel that the arm should be held 
away from the side, and supported only from the elbow, for if the arm be allowed to rest 
on any firm structure the Triceps is pressed forwards and overlaps the vessel, thus making 
the operation much more difficult. 

In the upper third of the arm the artery may be exposed in the following manner. 
The patient being placed supine upon a table, the affected limb should bo raised from the 
side, and the hand supinatod. An incision about two inches in length should be made on 
the inner side of the Coraoo-brachialis muscle, and the subjacent fascia cautiously divided, 
so as to avoid wounding the internal cutaneous nerve or basilic vein, as the latter 
siunetimcs runs on the surface of the artery as high as the axilla. The fascia having 
been divided, it should bo remembered that the ulnar and internal cutaneous nerves lie on 
the inner side of the artery, the median on the outer side, the latter nerve being occasion¬ 
ally suiKtrfleial to the artery iu this situation, and that the venae comites are also in 
relation with the vessel, one on either side. These being carefully separated, the 
aneurysm needle should bo pnased round the artery from the iimcr to the outer side. 

In the case of a high division, f.he two arteries are usually placed side by side ; and 
if they are exposed in an operation, the surgeon should endeavour to ascertain, by alter- 
natel 3 ’ pressing on each vessel, which of the two communicates with the wound or 
aneurysm, when a ligatim; may be applied accor 'ingly ; or if p'olsation or haemorrhage 
coasos only when both vessels are compressed, both vasscls must be tied, as it may bo 
concluded that the two communicate above the seat of disease, or are reunited. 

In the middle of the arm, the brachial artery may be exposed by making an incision, 
along the inner margin of the Bioei)s muscle. The forearm being bent so as to relax 
the muscle, it should be drawn slightly aside, and the fascia carefully divided, when the 
median nerve will be exposed lying upon (sometimes beneath) the artery; this being 
drawn inwards and tlie muscle outwards, the artery should be separated from its accom¬ 
panying veins and secured. In this situation the inferior profunda may bo mistaken for 
the main trunk, especially if enlarged from the collateral circulation having become 
establislicd ; this may be avoided by directing tin; incision extemally towards the Biceps, 
rather than inwards or backwards towards the Triceps. 

The lower part of the hrachial arterp is of interest from a surgical point of view, on 
a(!Coant of the relation which it bears to the veins most commonly opened in venesection. 
Of the.se vessels, the vena modiana cubiti is the largest and most prominent, and, 
consequently, the one usually selected for the operation. It should be remembered 
that this vein runs parallel with the brachial artery, from which it is separated by 
the bicijtital fascia, and that care should be taken, in opening the vein, not to carry the 
incision too deep, so as to endanger the artery. 

Collateral (Hrculaiion. —After the a])p1ication of a ligature to the brachial artery in 
the upi)er third of the arm, tJie circulation is carried on by branches from the circumflex 
and subscapular arteries anastomosing with ascending branches from the superior 
profunda. If the brachial be tiodbelotr the origiii of the profimda arteries, the circulation 
is maintained by the branches of the profundc anastomosing with the recurrent radial, 
ulnar, and interosseous arteries. 

The branches of the brachial artery are: 

Superior profunda. Inferior profunda. 

Nutrient. Anastomotica luagna. 

Muscular. 

1. The superior profunda (a. profunda btachii) arises from the inner and 
back part of the brachial, just below the lower border of the Teres major, and 
passes backwards to the interval between the outer and inner heads of the Triceps 
muscle, accompanied by the musculo-spiral nerve. It winds round the back of the 
shaft of the humerus in the spiral groove, between the outer head of the Triceps 
and the bone, to the external intermuscular septum where it divides into two 
terminal branches. One of these pierces the septum, and descends, in company 
with the musculo-spiral nerve, to the space between the Brachialis auticus anil 
Brachio-radialis, where it anastomoses with the recurrent branch of the radial 
artery; the other, much larger, descends behind the external intermuscular 
septum to the back of the elbow-joint, where it anastomoses with the posterior 
infIroBseous recurrent, the posterior ulnar recurrent, the anastomolica magna, and 
inferior profunda (fig. 697). The superior profunda supplies the Triceps muscle 
and gives off a nutnent artery which enters the humerus at the uptr end of 
the musculo-spiral groove. Near its commencement it sends a branch upwards 

X X 
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b(rtweeti„tiite e:^mal and l<»ig heads of the Triceps musCle to» 
the posterior circonaflex artery; and, while in the ^ove, a small branch whi(^ 
accompanies a branch of the mnsculo-spiral nerve through the substance of the 
Triceps muscle and ends in the Anconeus below the outer epicondyle of the humerus. 

2. The nutrient artery of the shaft of the humerus arises about the middle 
of the arm and enters the nutrient canal near the insertion of the Coraco-brachialis 
muscle. 

3. The inferior profunda (a. collateralis uluaris superior), of small size, arises 
a little below the middle of the arm. It pierces the internal intermuscular septum, 
and descends on the surface of the inner head of the Triceps muscle, to the 
space between the inner epicondyle and olecranon, accompanied by the ulnar 
nerve, and terminates by anastomosing with the posterior ulnar recurrent and 
auastomotica magna. It sometimes sends a branch in front of the internal 
epicondyle, to anastomose with tin; anterior ulnar reciUTeut. 

4. The auastomotica magna (a. collateralis ulnaris inferior) arises about two 
inches above, the elbow-joint. It passe** transversely inwards upon the Brachialis 
antiens, and piercing the internal intermuscular septum, winds round the back part 
of the humerus between the Triceps and the bone, forming, by its junction with 
the j)ost<uior liranch of the. superior profunda, an arch above the olecranon fossa. 
As the v(!ssel lies on the Rrachialis antieus, branches ascend to join the inferior 
]>rofunda; others descend in front of the inner epicondyle, to anastomose with 
the anterior ulnar recurrent. Behind the internal epicondyle a branch is given 
off to anastomose with the inferior profunda and posterior ulnar recurrent arteiies 
and supply the. Triceps. 

5. The muscular are three or four large branches, which are distributed to the 
rau.scles in the course of the. artery. They supply tin; Coraco-brachialis, Biceps, 
and Brachialis antieus. 


Fio. .597.—Diagram of the anastomosis around tlie el l)ow-joint. 



The Anastomosis around the Elbow-joint (fig- 597).—The vessels engaged 
in this anastomosis may be conveniently divided into those situated in front of, 



Fia. 598.—^The radial and ulnar arteries. 
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a&d tfaofie tlie intemal and extwnsJ eioodndyles. *nie bnmehias^^ 

tnodng in front of the internal epioondyle are: ^e anterior branoli of 
anastomotica magna, the an* 
tenor ulnar recurrent, and the 
anterior branch of the inferior 
profunda. Those behind the in¬ 
ternal epicondyle are; the ana- 
stoinotica magna, the posterior 
ulnar recurrent, and the posterior 
terminal branch of the inferior 
profunda. The branches ana¬ 
stomosing in front of the external 
e.pictmdyle an,: the radial re¬ 
current and the anterior terminal 
branch of the superior profunda. 

Those behind the external epi- 
(sondylo (perhaps more properly 
described as being situated 
between the external epicondyle 
and the olecranon) are: the 
anastomotica magna. the iii- 
terosseoirs recurrent, and tlie 
posterior terniiiml branch of the 
superior })rofunda. There is also 
a large arch of anastomosis above 
the olecranon, formed by the in¬ 
terosseous recurrent joining with 
the anastomotica magna aTid pos¬ 
terior ulnar recurrent (fig. CiOO). 

From this desfrij)tion it will 
be observed that the anasto¬ 
motica nuignu is the vessel jiiost 
engaged, the otdy j)a.rt ol the 
anastomosis in which it is not 
employed being that in front of 
the, external epicondyle. 
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Radial Akteiiy (fig. 598) 

The radial artery (a. radi- 
alis) appears, from its direction, 
to be the continuation of the 
brachial, but it is smaller in 
calibre than the ulnar. It 
commences at the bifurcation 
of the brachial, just below the 
bend of the elbow, and passes 
along the radial aide of the 
forearm to the wrist. It then 
winds backivards, round the 
outer side of the carpus, be¬ 
neath the Extensor tendons of 
the thumb to the upper end 
of the space between the meta¬ 
carpal bones of the thumb and 
index finger, and, finally, passes 
forwards between the two f 

heads of the First dorsal inter- “ 

osseous muscle, into the palm of 
the hand, where it crosses the 
metacarpal bones to the ulnar 
border of the hand, to form the deep palmar arch, 
anastomoses with the dee 2 > branch of the ulnar artery. 



Deep branch 
of ulnar 


At its termination, it 
The relations of this 
X X 2 
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veasel may thus beounveaie^y divided into three parts, viz. in the foroem, 
at hack of the wrist, and in the hand. 

Bdations.—(o) In the forearm the artery extends from opporite the nedccd the 
radius to the fore part of the styloid process, being placed to the inner side of the 
shaft above, and in front of it below. It is overlapped in the upper part of its 
course by the fleshy belly of the Brachio-radialis muscle ; throughout the rest of 
its course it is superficial, being covered by the integument and the superficial and 
deep fasciffi. In its course downwards, it lies upon the tendon of the Biceps, the 
Supmator brevis, the Pronator teres, the radial origin of the Flexor sublimis 
digitorum, the Blexot longus pollicis, the Pronator (piadratus, and the lower 
extremity of the radius. In the upper third of its course it lies between the 
Brachio-radialis and the Pronator teres; in its lower two-tliirds, between the 
tendons of the Brachio-radialis and Flexor carpi radialis. The radial nerve lies 
close to the outer side of the artery in the middle third of its course ; and some 
filaments of the niusculo-cutaneous nerve, aftei- piercing the deep fascia, run 
along the lower part of the artery as it winds round the wrist. The vessel is 
accompanied by vensD comites throughout its whole course. 

(6) At the wrist as it winds round the outer side of the carpus, from the 
styloid process to the first interosseous space, it lies upon the external lateral 
ligament, and then upon the scaphoid and trapezium, being covered by the 
Extensor tendons of the thumb, subcutaneous veins, some filaments of the radial 
nerve, and the integument. It is accompanied by two veins, and a filament of the 
musculo-outaueous nerve. 

(c) In the hand, it passes from the uppe.r end of the first interosseous space, 
between the heads of the Abductor indicis or First dorsal interosseous muscle, 
transversely across the palm, to the base of the metacarpal bone of the little finger, 
where it anastomoses with the deep branch from the ulnar artery, completing the 
deep palmar arch (arcus volaris profundus). It lies upon the carpal extremithis of 
the metacarj)al Ironcs and the Interossei, being (;overed by the Adductor obUquus 
pollicis, the flexor tendons of the fingers, and the Lumbricalcs. Alongside of it, but 
running in the opposite direction— that is to say. from within outwards- is the 
d('ep branch of the ulnar nerve. 

PeculiarUies. —'I’he origin of the radial artery, according to Quain, is, in nearly one 
case in eight, higher than usual; more often it arises from the axillary or upper part of 
the brachial, than from the lower part of the latter vessel. Tn the forearm it deviates less 
frequently from its normal position than the uluar. It has been found lying on the deep 
fascia instead of beneath it. It has also been observed on the surface of the Brachio-radialis, 
instead of under its inner border ; and in turning round the wrist, it has been seen lying 
on, instead of beneath, the Extensor tendons of the th\imb. 

Surface Marking. —The position of tlie radial artery in the forearm is represented 
by a line drarvn from the outer border of tho tendon of the Biceps in the centre of the 
hollow in front of tho elbow-joint to the inner side of tho fore part of the styloid process 
of the radius, v ith tho limb in the jmsition of supination. 

Applied Anatmiy. —Tlie radial artery is much exposed to injury in ita lower third, 
and is frequently wounded by the hand being driven through a p.anc of glass, by the slipping 
of a knife or chisel held in the other hand, &c. The injury maybe followed by a traiunatic 
aneurysm, for which tho operation of laying open the sac and securing the vessel above 
and below is required. ' 

Iho operation of tying the radial artery is required in coses of woimda either of its 
trunk, or of some of its branches, or for aneurysm: and the vessel may be exposed in any 
part of its course through tho forearm without the division of any muscular fibres. The 
operation in the middle or inferior third of the forearm is easily performed; but in the 
upper third, near the elbow, it is attended with some difficulty, from the greater depth 
of the vessel, and from its bcung overlapped by the Brachio-radialis. 

To tie the artery in the upijcr third, an incision three inches in length should bo made 
through the integument, in a line drawn from the centre of the bend of the olbow to tho 
front of the styloid process of the radius, avoiding the branches of the median vein ; the 
fascia of the arm being divided, and the Brachio-radialis drawn a little outwards, the 
artery will be exposed. The venae oomites should be carefully separated from the vessel 
and the ligature passed from the radial to the ulnar side. 

In the middle third of the forearm the artery may be exposed by making an incision 
of similar length on the inner margin of the Brachio-radialis. In this situation, the radial 
nerve lies in close relation with the outer side of the artery, and should, as well as the 
veins, be carefully avoided. 

In the lower third, the artery is easily secured by dividing the integument and fascia 
in the interval between the tendons of the Brachio-radialis and Flexor carpi radialis. 
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The branches of the radial artei^ may be divided into t^ree gronpH, eortehr 
aponding with the three regions in ^hioh the vessel is situated. 

In the forearm. At the wrist. In the hand. 

Radial recurrent. Posterior radial carpal. Princeps pollicis. 

Muscular. First dorsal interosseous. Radians indicis. 

Anterior radial carpal. Dorsales pollicis. Perforating. 

Superficialis volse. Dorsalis indicis. Palmar interosseous. 

Recurrent. 

The radial recurrent (a. recurrens radialis) is given off immediately below the 
elbow. It ascends between the branches of the musculo-spiral nerve, lying on the 
Sui)inator brevis and then between the Brachio-radialis and Brachialis anticus, 
supplying these muscles and the elbow-joint, and anastomosing with the anterior 
terminal branch of the superior profunda. 

The muscular branches (rami muscularcs) aie distributed to the muscles on 
the radial side of the forearm. 

The anterior radial carpal (ramus carpeus volaris) is a small vessel which arises 
near the lower border of the Pronator quadratus, and, running inwards in front 
of the carpus, anastomoses with the anterior carpal branch of the ulnar artery. 
Ill this way an arterial anastomosis, the anterior carpal arch, is formed in front 
of the wrist: it is joined by branches from the anterior interosseous above, and 
by recurrent branches from the deep palmar arch below', and gives off twigs w'hich 
descend to supply the articulations of the wrist and carpus. 

The superficialis volse (ramus volaris superficialis) arises from the radial 
artery, just where this vessel is about to wind round the outer side of 
the wrist. Running forwards, it passes through, occasionally over, the muscles 
of the thumb, which it supplies, and sometiTnes anastomoses with the terminal 
portion of tbe ulnar artery, completing the superficial palmar arch. This 
vessel v'aries considerably in size : usually it is very small, and terminates in 
the muscles of the thumb; sometimes it is as large as the continuation of the 
radial. 

The posterior radial carpal (ramus carpeus dorsalis) is a small vessel which 
arises beneath the Extensor tendons of the thumb ; crossing the carpus transversely 
towards the inner border of the. hand, it anastomoses w'ith the po.steiior carpal 
branch of the ulnar, forming the posterior carpal arch, which is joined by the 
termination of the anterior interosseous arteri'. From this arch are given off 
two slender dorsal interosseous arteries, w'hich run forwaids on the Third and 
Fourth dorsal iiiterossei and bifurcate into dorsal digital branches which supply 
the adjacent sides of the middle, ring, and litth; fingers resj)ectively, communicating 
W'ith the. collateral digital branches of the superficial palmar arch. Near their 
t iigins they anastomose w'ith the deep palmar arch by the; superior perforating 
arteries, and near their points of bifurcation w'ith the digital vessels of the 
superficial palmar arch by the inferior perforating arteries. 

The first dorsal interosseous arises Ixmeath the Extensor tendons of the thumb, 
sometimes with the posterior radial carpal; running forwards on the Second 
dorsal interosseoiA muscle it divides into two dorsal digital branches, which 
supply the adjoining sides of the index and middhi fingers ; it forms anastomoses 
similar to those of the other tw'o dorsal interosseous arteries. 

The dorsales pollicis are two small vessels w'hich run along the. sides of the 
dorsal aspect of the thumb. They usually arise separately, but occasionally by 
a common trunk, near tlui base of the first metacarpal bone. 

The dorsalis indicis, also a small branch, runs along the radial side of the back 
of the index finger, sending a few' branches to the Abductor indicis. 

The princeps pollicis (a. princeps pollicis) arises from the radial just as it turns 
inwards to the deep part of the hand ; it descends between the Abductor indicis and 
Adductor obliquus pollicis, along the ulnar side of the metacarpal bone of the 
thumb to the base of the first phalanx, whore it lies beneath the tendon of the 
Flexor longus pollicis and divides into tw'o branches. These make their appearance 
between the inner and outer insertions of the Adductor obliquus pollicis, and run 
along the sides of the palmar aspect of the thumb, forming on the palmar .surface 
of the last phalanx an arch, from which branches are distributed to the integument 
and subcutaneous tissue of the thumb. 
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The radiimB mdiois (a. volaris indicis radialis) arises close to the preceding, 
descends between the Abductor indicis and Adductor transversus pollicis, and runs 
along the radial side of the index finger to its extremity, where it anastomoses with 
the collateral digital artery from the superficial palmar arch. At the lower border 
of the Adductor transversus pollicis, this vessel anastomoses with the princeps 
pollicis, and gives a communicating branch to the superficial palmar arch. 

The perforating arteries 



(rami perforantes), three in 
number, pass backwards 
from the deep palmar arch, 
through the second, third, and 
fourth interosseous spaces 
and- between the heads of 
the corresponding Interossei, 
to anastomose with the dorsal 
interosseous arteries. 

The palmar interosseous 
(aa. metacarpeic volares), 
three or four in number, 
arise from the convexity of 
the deep 2 >almar arch ; they 
run downwards ujK)n the 
Interossei, and aiiastoiiiose at 
tlie clefts (»f the fing('rs with 
the digital branches of the 
superficial arch. 

The recurrent branches 
jirise from the concavity of 
the deep palmar arch. 'J’hey 
ascend in front of the wrist, 
supplying the car}).il articu¬ 
lations and anastomosing with 
the anterior carpal arch. 

Ulnaw Autkkv (fig. 599) 

The ulnar artery (a. 
ulnaris), the larger of the 
two terminal branches of 
the brachial, commences a 
little below the bend of 
the elbow, and, ]jassing 
obliqucily downwai'ds and 
inwards, roaches the inner 
side of the forearm at a 
point about midway Ix*- 
tween the’ elbow and the 
Avrist. It then runs along 
the ulnar border to 11 k* 
wrist, crosses the annular 
ligament on the radial 
side of the pisiform bone, 
and immediately beyond 
this bone divides into 
two branches, which enter 
ir>to the formation of the 
superficial and deep ^^alinar 


arches. 


Relations. {«) In the fmemm.—ln its wpyxv half, it is deeply seated, being 
covered by all tlu* superficial Flexor muscles, except the Flexor carj)i ulnaris; 
it lies upon the Brachialis aiiticus and Flexor profundus digitorum muscles. The 
median nerve is in relation Avith the inner side of the artery for about an inch and 
then crosses the vessel, beiiig separated from it by the deep head of the Pronator 
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teres. In the lower half of the forearm, it lies upon the Flexor profundus, being 
covered by the integument, and the superficial and deep fascia;, and is placed 
between the Flexor carpi ulnaris and Flexor sublimis digitorum inus<ile8. It is 
accompanied by two ven® comites, and is overlapped in its middle third by the 
Flexor carpi ulnaris ; the ulnar nerve lies on its inner side for the lower two-thirds 
of. its extent, and a small branch from the nerve descends on the. lower part of 
the vessel to the palm of the hand. 

(fc) At the wrist (fig. 698) the ulnar artery is covered by the integument and 
fascia, and lies upon the anterior annular ligament. On its inner side is the pisiform 
bone, and. somewhat behind the artery, the ulnar nerve. The nerve and artery 
are crossed by a band of fibres, which extends from the pisiform bone to the 
anterior annuiar ligament. 

Peculiarities .—The ulnar artery has been found to v^ary in its origin nearly in the 
proportion of j>ne in thirteen cases; it may arise lower than usual, about two or three 
inches below the elbow, but usually mucli higher, the brachial being more often the source 
of origin than the axillary. Variations in the position of this vessel are more common 
than in the radial. When its origin is normal, the course of the vessel is rarely changed. 
Wlicn it arises high up, it is almost invari.'bly superficial to the Flexor muscles in 
the forearm, lying commonly beneath the fascia, more rarely between the fascia and 
integument. In a few eases, its i) 08 ilion was mbcutaneous m the upper part of the 
forearm, and subaponeurotie in the lower i)art. 

Surface Marking .—On account of the curved direction of the ulnar artery, the line 
on the surface of the limb wliich indicates its course is somewhat complicated. First, 
draw n line from th(“ front of tins internal ci)ieondyle of the humerus to the radial side of 
the pisiform bone ; the lower two-thirds of this line represent the course of the middle 
and lower thirds of the artery. Secondly, draw a line from the centre of the hollow in 
front of the elbow-joint to the junction t)f the upixsr and middle thirds of the first line; 
this rcpre.scnts the course of the u^jper third of the artery. 

Applied AmUtnny .—The apiilication of a ligature to this vessel is required in cases 
of wound of the artery, or of its branches, or in consequence' of aneurysm. In the upix'r 
half of the forearm the artery is deeply seated beneath the suj)crlicial Flexor muscles, 
and the application of a ligafun- in this situation is aftended with some difficulty. An 
incision Ls to bo made in flu* course of a line drawn from the front of the internal epicondyle 
of tlie humerus to the outer side of the pisiform lione, so that tlie centre of the incision is 
three fingers’ brc'adth Ix-low the internal (‘picondyle. The skin and superficial fascia having 
been divided, and the deep fascia exposc'd, the v\hite line wliicli separates the Flexor 
carpi ulnaris from the other Flexor muscles is to be sought for, and the fascia incised in 
this line. The Flexor carpi ulnaris is now to Ijo carefully separated from the other muscles. 
M'hen the ulnar nerve will be eximsed lying on the Flexor profundus digitorum, and mii-sf 
be drawn aside. Some little distance below the nerve, the artery will bo found accom¬ 
panied by its vena; comites, and may be ligatured, the needle being passed from within 
outwards. In the middle and lower thinis of tiie forearm, this vessel may be easily sccun*d 
by making an incision on the radial side of the tendon of the Flexor carpi ulnaris : when 
the deep fascia is divided, and the Flexor carpi ulnaris a.nd the Flexor sublimis separated 
from each other, the vessel will be exposed, accompanied by its vense comites, the ulnar 
nerve lying on its inner side. The veins being separated from the artery, the ligature 
should be passed from the ulnar to the radial side, taking care to avoid the uhiar nerve. 


The branches of the uintir artery may be arranged in the following groups : 


Iv the. forearm 


At the wrist 
In the hand 


j Recurrent 
i Interosseous 


(Anterior, 
i Posterior. 

(Anterior interosseous. 
(Posterior interosseous. 


' Muscular. 

I Anterior ulnar carpal. 

I Posterior ulnar carpal. 

I Profunda. 

I Superficial palmar arch. 


The recurrent branches (aa. recurrontes ulnarcs) are tw'o in number, anterior 
and posterior. The anterior ulnar recurrent arises imiiicdiately below the elbow- 
joint, runs upwards and inwards between tlie Brachialis anticus and Pronator 
teres, supplies twigs to those muscles, and, in front of the inner eiiicondyle, 
anastomoses with the anastomotica inagna and inferior profunda. The -postc/rior 
ulnar recurrent is much larger, and arises somew'hat lower than the preceding. 
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It passes backwards and inwards, beneath the Flexor sublimis, and ascends 
behind the inner epicondyle of the humerus. In the interval between this 
process and the olecranon, it lies beneath the Flexor carpi ulnaris, and ascending 
between the heads of that muscle, in relation with the ulnar nerve, it supplies 


Fio. 600.—^Arteries of the back of the forearm and hand. 



the neighbouring muscles and the elbow-joint, and anastomoses with the inferior 
profunda, anastomotica magna, and interosseous recurrent arteries (fig. 600). 

The interosseous (a. interossca communis) (fig. 699) is a short trunk about 
half an inch in length, and of considerable size, which arises immediately below 
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the tuberosity of the radius, and, passing backwards to the upper border of the 
interosseous membrane, divides into two branches, the anterior and ‘posterior 
interosseous arteries. 

The anterior interosseous (a. iuterossea volaris) (fig. 599) passes down the forearm 
on the anterior surface of the interosseous membrane. It is accompanied by the 
interosseous branch of the median nerve, and overlapped by the contiguous margins 
of the Flexor profundus digitorum and Flexor longus pollicis, giving off in this 
situation muscular branches, and the nutrient arteries of the radius and ulna. 
At the upper border of the Pronator quadratus, a branch descends beneath that 
muscle, to anastom«)8e in front of the carpus with the anterior carpal arch. The 
continuation of the artery passes behind the Pronator quadratus, and, piercing the 
interosseous membrane, reaches the back of the forearm, and anastomoses with 
the posterior interosseous artery (fig. 600). It then descends, in company with the 
terminal portion of the posterior interosseous nerve, to the back of the w'rist to join 
the posterior carpal arch. The anterior interosseous gives off a long, slender branch, 
the comes nervi mediani (a. mediaua), which accompanies the median nerve, and 
gives offsets to its substance ; this artery is sometimes much enlarged, and runs 
with the nerve into the palm of the hand. 

The posterior interosseous (a. iuterossea dorsalis) passes backwards through 
the interval between the oblique ligament ai i the upper border of the interosseoiis 
membrane. It appears between the contiguous borders of the Supinator brevis 
and the' Extensor ossis mctacarpi pollicis, and runs down the back of the forearm 
between tfu! superficial and deep layers of muscles, to both of wdiich it distributes 
branches (fig. 600). Where it lies ujion the E.\teiisor ossis metacarpi pollicis and 
the Extensor brevis pollicis, it is accomjianied by the posterior interosseous nerve. 
At the lower part of the forearm it anastomoses with the termination of the 
anterior interosseous artery, and with the posterior carpal arch. It gives off, near 
its origin, tlie interosseous recurrent branch (a. iuterossea recumms), wliich ascends 
to the interval betwci'ii the external epicondyle and olecranon, on or through the 
fibres of the Supinator brevis, but beneath the Anconeus, and anastomoses with 
the })osterior branch of the superior profunda, and wdth the posterior ulnar 
recurrent and anastomotica magna. 

Tiie muscular branches are distributed to the muscles along the ulnar side of 
the forearm. 

The anterior ulnar carpal (ramus carjieus volaris) is a small vessel which 
crosses the front of the carpus beneath the tendons of the Flexor profundus, and 
anastomoses v'ith a corres|ionding branch of the radial art ery. 

The posterior ulnar carpal (ramus carpeus dorsalis) arises immediately above the 
pisiform bone, and winds backwards beneath the tendon of the Flexor carjii ulnaris ; 
it passes across the dorsal surface' of the carpus bcnealli the Extensor tendons, 
to anastomose with a corrcsjaniding branch of the radial artery, and complete the 
posterior carpal arch. Immediately after its origi}i, it gives off a small branch, 
which runs along the ulnar side of the fifth metacarp.al bone, and supplies the ulnar 
side of the dorsal surface of the little finger. 

The, profunda branch (ramus volaris profundus) (fig, 599) passes between 
the Abductor minimi digiti and Flexor brevis minimi digiti, near their origins ; 
it anastomoses with the tern)ination of the radial artery, and completes the deep 
palmar arch. , 

The superficial palmar arch (arcus volaris superficialis) (fig. 598) is formed by 
the ulnar artery in the hand, and is usually completed on the outer side by a branch 
from the radialis iudicis, but sometimes by the superficialis volas or by a branch 
from the princeps pollicis of the radial artery. The arch passes across the palm, 
describing a curve, with its convexity dowmwards. 

Relations. —The superficial palmar arch is covered by the skin, the Palraaris 
brevis and the palmar fascia. It lies upon the annular ligament, the Flexor brevis 
and 0])poiicns minimi digiti, the tendons of the Flexor suhlimis digitorum, the 
Lumbrical muscles, and the divisions of the median and ulnar nerves. 

Four digital arteries (aa. digitales volares communes) (fig. 698) are given off 
from the convexity of this arch. The innenaost accomj)anie8 the inner digital 
branch of the uhiar nerve, and runs along the. ulnar side of the little finger; it is 
joined by a twig from the deep palmar arch or from the innermost palmar 
interosseous artery. The three outer run downwards in front of the three inner 
interosseous spaces, superficial to the corresponding nerves and Lumbrical muscles. 
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A little above the inter^gital clefts they are joined by the palmar mterosseous 
arteries, and by the inferior perforating branches of the dorsal interosseous arteries. 
Each then divides into colmeral digital arterm (ua. digitales volares propriae) for 
the supply of the contiguous sides of the index, middle, ring, and little fingers. 
These collateral branches lie behind the con-esponding digital nerves; they 
anastomose freely in the subcutaneous tissue of the finger-tip, and by smaller 
branches near the interphalangeal joints. Each gives off a couple of dorsal branches 
which anastomose with the dorsal digital arteries, and supply the soft parts on 
the back of the second and third phalanges, including the matrix of the finger-nail. 

Surface Marking .—The superlieial palmar arch is represented by a curved line, starting 
from the outer side of the pisiform bone, and carried downwards and outwards as far as 
the base of the thumb, with the convexity towards the lingers. The lowest point of the 
arch is usually on a level with the lower border of the outstretched thumb. 

The deep j>almar arch is situated about half an inch nearer to the carpus. 

Applied Anatmiy .—^Wounds of the palmar arches are of special interest, and arc 
always difficult to deal with. When the superficial arch is wpunded it is generally possible, 
enlarging the wound when necessary, to secure the vessel and tie it on both sides of the 
bleeding point or in eases where it Ls found impossible to encircle the vessel with a ligature, 
a pair of Wells’s artery clips may be applied and left on for twenty-four or forty-eight 
hours. Failing this, the wound may be ifiugged with gauze and an outside tossing 
carefully Imndaged on. The plug should be allowed to remain untouched for three or four 
days. It is useless in these ca.ses to ligature one of the arteries of the forearm alone, and 
indeed simultaneous ligature of botli radial and ulnar arteries above the wrist is often 
unsuccessful, on account of the anastomosis carried on by the carpal arches. Therefore, 
upon the failure! of pressure to arrest haemorrhage, it is ex|K*dient to apply a ligature to 
the brachial artery. When an incision for deeji-seated suppuration in the tendon- 
sheath is required, the situation of the suiH'rfieial arch must always bo borne in mind, 
and tlie incisions placed tiither above or below it. The position of the digital branelu’s 
of the artery must also be remoinborod, and iiicLsions must be made opposite the heads 
of the metacarpal hones and not between them. 


ARTERIES OF THE TRUNK 

The Descending Aorta 

The descending aorta is divided into two portions, the thoracic and 
abdominal, in correspondence with the two great cavities of the trunk in which 
it is situated. 

The Thokack' Aorta 

The thoracic aorta (aorta thoraealia) is contained in the back part of the 
posterior mediastinum. It commences at the lower border of the fourth thoracic 
vertebra, and l-erminates in front of the lower border of the twelfth at the 
aortic opening in the Diaphragm. At its commencement, it is situated on 
the left side of the vertebral eoluran ; it approaches the median line as it 
descends ; and, at its termination, lies directly in front of the column. Its 
direction being influenced by the vertebral column, upon Avhicb it rests, 
the vessel describes a curve which is concave forwards. As the branches 
given off from it are small, Jts diminution in size is in(.‘onsiderablc. 

Relations. —It is in relation, in front, from above downwards, w'ith the root 
of the left lung, the pericardium, tin; a.*sopliagus, and the Diaphragm; behind, 
with the vertebral colunui, and the azygos minor veins ; on the rigid side, with 
the vena azygos major, and thoracic duct; on the left side, with the left pleura 
and lung. Th(! oesophagus, with its accompanying nerves, lies on the right side 
of the aorta above; but at the lower part of the thorax it is placed in front of 
the aorta, and, close to the Diaphragm, is situated to its left side. 

Peculiarities. —Tlie aorta is occasionally found to bo obliterated at the junction 
of the arch with the thoracic aorta, just hielow the ductus arteriosus. Whether this is 
the result of disease, or of congenital malformation, is immaterial to our present purpose ; 
it affords an interesting opportunity of observing the resources of the collateral circulation. 
The comso of the anastomosing vessels, by which the blood is brought from the upper 
to the lower part of the artery, will be found well described in an account of two cases 
in the ‘ Pathologioal Transactions,’ vols. yiii. and x. In the former, Sydney Jones 
thus sums up the detailed description of the anastomosing vessels: ‘ Tlie principal 
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commuaications by which the circulation was carried on, were—^Firstly, the internal 
mammary, anastomosing with the intercostal arteries, with the phrenic of the abdominal 
aorta by means of the miisculo-phrenic and comes nervi phrenic!, and largely with the 
deep epigastric. Secondly, the superior intercostal, anastomosing anteriorly by means 
of a largo branch with the first aortic intercostal, and posteriorly with the posterior branch 
of the same artery. Thirdly, the inferior thyroid, by means of a branch about the size 
of an ordinary radial, forming a communication with the first aortic intercostal. Fourthly, 


Fig. 601.—^Thoracic aorta from right side. 



the transversaliscolli, by means of very large communications with the posterior branches 
of the intorcostals. Fifthly, the branches (of the subclavian and axillary) going to the 
side of the chest were large, and anastomosed freely' with the lateral branches of the 
intercostals.’ In the second case Wood describes the anastomoses in a somewhat similar 
manner, adding the remark, that ‘ the blood which was brought into the aorta through 
the anastomoses of the intercostal arteries appeared to bo expended principally in 
supplying the abdomen and pelvis ; while the supply to the lower extremities had passed 
through the internal mammary and opigastrics.’ 
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In a few cases an apparently double descending thoracic aorta has been found, the 
two vessels lying side by side, and eventually fusing to form a single tube in the lower part 
of the thorax or in the abdomen. One of them is the aorta, the other represents a 
dissecting aortic aneiirysm which has become canalised, opening above and below into the 
true aorta, and at first sight presenting the appearances of a proper blood-vessel. 

Applied Anatomy .—The effects likely to be produced by aneurysm of the thoracic 
aorta, a disease of common occurrence, must now be consider^. When the great depth of 
the vessel from the surface, and the number of important structures which surround it 
on every side are remembered, it may easily bo conceived what a variety of obscure 
symptoms are likely to arise from disease of this part of the arterial system, and how 
they may be mistaken for those of otlier affections. Aneurysm of the thoracic aorta 
most usually extends backwards, along the left side of the vertebral column, producing 
absorption of the bodies of the vertebra:, with curvature of the column; while the irrita¬ 
tion or pressure on the spinal cord will give rise to pain, either in the chest, back, or loins, 
with rotating pain in the left upper intercostal spaces, from pressure on the intercostal 
nerves; at the same time the tumour may project backwards on either side of the vertebral 
column, beneath the integument, as a pulsating swelling, simulating abscess connected with 
diseased bone ; or it may displace the oesophagus, and compress the lungs on one or the 
other side. If the tumour extend forward, it may press upon and displace the heart, giving 
rise to palpitation and other symptoms of disease of that organ; it may displace or compress 
the oesophagus, causing pain and difficulty of swallowing, as in stricture of that tube; and 
ultimately even open into it by ulceration, producing fatal haemorrhage. If the disease 
extend to the right side, it may press upon the thoracic duct; or it may burst into the 
pleural cavity, or into the trachea or lung; and lastly, it may open into the posterior 
mediastinum. Pressure on one of the bronchi, usually the left, will canrie cough, and in 
time set up bronchiectasis ; pressure on the left pulmonary plexus has been said to give 
rise to asthmatic attacks. Of late yetuu, the diagnosis of thoracic aneurysm has been 
much facilitated by the employment of the a:-rays, by means of which the outline of the 
sac may be demonstrated. 


Branches of the Thoracic Aorta 


\'isceral ^ 


Pericardial. 

Bronchial. 

QSsophageal 

Mediastinal. 


Parietal i 


Intercostal. 
Subcostal. 
Superior phrenic. 


The pericardial (rami poricardiaci) are a few small vessels, irregular in their 
origin, distributed to the j)oricardium. 

The bronchial arteries (aa. bronchialcs) vary in number, size, and origin. There 
is as a rule only one right bronchial artm/. which arises from the first aortic hiter- 
costal, or from the upper left bronchial artery. The left bronchial arteries are 
usually two in number, and arise from the tlioracic aorta. The upper left bronchial 
arises opposite the fifth thoracic vertebra, the lower just below the level of the left 
bronchus. Each vessel runs on the back part of its bronchus, dividing and 
.subdividing along the brt)iichial tubes, supplying them, the cellular tissue of the 
lungs, the bronchial glands, and the cesophagus. 

The (Esophageal arteries (aa. o'sophagea*), usually four or five in inuuber, arise 
from the front of the aorta, and pass obliquely downwards to the oesophagus, 
fonning a chain of anastomoses along that tube, anastomosing with the oesophageal 
branches of the inferior thyroid arteries above, and with ascending branches from 
the phrenic and gastric arteries below. 

The mediastmal branches (rami modiastinales) are numerous small vessels which 
supply the glands and loose areolar tissue in the posterior mediastinal space. 

Interc ostal arteriea (aa. intcrcostales). There are usually nine pairs of aortic 
intercostal arteries. They arise, from the back of the aorta, and are distributed to 
the nine lower intercostal spaces, the first two spaces being supplied by the superior 
intercQSt^ branch of th e, sulpcla vian. The right aortic iiitercostals arc longer than 
the left, on account of t£e position of the aorta on the left side of the vertebral column; 
they pass across tlie bodies of the vertebra: behind the oesophagus, thoracic duct, 
and vena azygos major, and are covered by the right lung and pleura. The hft 
aortic intercostals run backwards on the sides of the vertebra: and are coveT(;d 
by the left lung and pleura ; the two upper vessels are crossed by the left superior 
intercQSta Jl..yein, the lower vessels by tha.azygos Mm or veins. The further eouise 
or Ihe intercostal arteries is practically the samo**oin)b'EIi sides. < thr 

ribs tfee ay.n^),athetic cor d pftg sea do wnwards in fro nt of the m , and the 
apl^cj hpic nervesjl^p descend Inartery crosses 
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the corresponding intercostal space obliquely towards the angle of the upper rib, and 
thence is continued forward in the j|^costal groove. It is nlaced at first between 
t he ple ura and the gosteriqrjntercostal membrang,jJxen it pierces this nwmiifanil 
a ngles b e tweejilt and^he ExtemfJ mlcrcostal muscle as far a^ the rib angle ; from 
this bni^rd it runs FelweeiTIKc'" External and Internal intercostal muscles, aai, 
a nastomoses in fron^with the a ntenqj- mtAEcnettil braneh of the internal mammary or 
muscu lo-phrenic. teach artery*is accompanied by a vein and a nolve, the former* 
Mei3f^^aijorra«ff"the latter below^ the artery, cxcejpt in the upper spaces, where the 
nerve is at first above the artery. The highest aortic intercostal artery anastomoses 
with the superior iiitercostai, and may form the chief supply of the second 
intercostal space. The two lower intercostal arteries are continued anteriorly 
from the intercostal spaces into the abdominal wall, and anastomose with the 
subcostal, superior epigastric and lumbar arteries. 

Eac h inte rcostal arteir gives oft’ the following branches ; 

Posterior or dorsal. Collateral intercostal. 

Muscular.. Lateral cutaneous. 

The posterior or dorsal branch (ramus posterior) runs with the posterior division of a 
spinal nerve and passes backwards through a small opening which is bounded above and 
below by the necks of the ribs and adjaiient transverse processes, internally by tho vertebral 
body, and externally by the anterior oosto-tran-sverse ligament. It gives off a spinal 
branch, which outers the spinal eanal through the intervertebral foramen and is distributed 
to the s])inal cord and its membranes, and to tho bodies of the vertebra), in the same 
manner as the lateral spinal branches from tho vertebral. 

The collateral intercostal branch comes off from the intercostal artery near the angle 
of the rib, and descends to the upper border of the rib below, along which it courses to 
anastomose with the anterior intercostal branch of tho internal mammary. 

Miisctdar branches (rami musculares) are given to tlie Intercostal and Pectoral muscles 
and to tho Serratus magnus ; they anastomose with tlie superior and long thoracic branches 
of tho axillary artery. 

The lateral cutaneous branches (rami cutanei lateralos) accompany tho lateral cutaneous 
branches of tho intercostal nerves, and di\'ide into anterior and posterior branches. 

Mammary branches arc given off by the intercostal arteries in the third, fourth, and 
fifth spaces. They supply the mammary gUmd, and increase considerably in size during 
the period of lactation. 

Applied Anatomy.—T\\vt jmsition of the intercostal vessels should bo borne in mind 
in i)erforming the ojxsration of paracentesis thoracis. Tho puncture should never be made 
nearer tho middle line posteriorly than the angle of tho rib, as the artery crosses the space 
internal to this point. In the lateral portion of'the chest, where tho puncture is usual!} 
made, the artery lies at the upper part of the intercostal space, and theref<»rc tho puncture 
should be made just above the upper border of tho rib forming the lov'cr boundary of the 
space. 

Tho subcostal arteries, so named because they lie below the lust ribs, constitute 
t lie lowest pair of branches derived from the thoracic aorta, and are in scries with the 
intercostal .arteries. Bach passes along tho lower border of tlie twelfth rib behind 
the kidnf)' and in front of tlie Quadratus lumborum muscle, and is accompanied by 
the twelfth thoracic nerve. It then pierces the posterior aponeurosis of the 
Transversalis abdominis, and, passing forward between this muscle and the 
Internal oblique, anastomoses with the superior epigastric, lower intercostal, and 
lumbar arteries. 

The" superior phrenic branches (aa. phrenicac superiores) are small branches 
arising from the lower part of the thoracic aorta; they arc distributed to the 
posterior part of the upper surface of the Diaphragm, and anastomose with the 
musculo-phrenic and comes nervi phrenici urtones. 

A small aberrant artery is sometimes found arising from the right side of the 
thoracic aorta near the origin of the right bronchial. It passes upwards and to the 
right behind the trachea and the oesophagus, and may anastomose with the right 
superior intercostal artery. It represents the remains of the riglit dorsal aortic 
trunk, and in a small proportion of cases is enlarged to form the first part of the 
right subclavian artery. 

The Abdominal Aorta (fig. 602) 

The abdominal aorta (aorta abdominalis) commences at the aortic 
opening of the Diaphragm, in front of the lower border of the body of the 
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last thoracic vertebra, and, descending a little to the left side of the vertebral 
column, terminates on the body of the fourth lumba,r vertebra, commonly 
a little'to the left of the middle line,* by dividing into the two common 


Fig. 602.—^The abdominal aorta and its branches. 



iliac arteries. It diminishes rapidly in size, in consequence of the many large 
branches wliieh it gives off. As it lies upon the bodies of the vertebrae, the 
curve which it describes is convex forwards, the summit of the convexity 
corresponding to the third lumbar vertebra. 

Relations.—The ubdonxinal aorta is covered, in front, by the lessor omentum 
and stomach, behind which are tlie branches of the coeliac axis, and the solar 
plexus; below these, l)y the splenic vein, the pancreas, the left renal vein, the 
Dturd portion of the duodenum, the mesentery, and aortic plexus. Behind, 
.y'it is sei>arated from the lumbar vertebra? and intervening discs by the anterior 

• Lord Lister, having accurately examined HO bodies in order to ascertain the exact, point 
of termination of this vessel, loutid it ‘ either absolutely, or almost absolutely, mesial in 1C, 
while in IH it deviated more or lc,ss to the left, and in two was slightly to the right .’—Sygtem 
»a/ tSurgiiry, edited by T, Holmes, 2ncl etl. vol. v. p. t>5a. 
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common lij^ament and left lumbar veins. On tbe righi side it is in relation above 
with the vena azygos major, rcceptaculum chyli, thoracic duct, and the right crus 
of the Diaphragm—the last separating it from the upper part of the inferior 
vena cava, and from the right semilunar ganglion; the inferior vena cava is in 
contact with the aorta below. On the left side are the left crus of the Diaphragm, 
the left semilunar ganglion, the fourth part of the duodenum, and some coils of 
the small intestine. 


Surf ace Marking .—In order to map out the abdominal aorta on the surface of the 
abdomen, a line must be drawn from the middle line of the body, on a level with the seventh 
eostal (;artilagea, downwards and slightly to the left, so that it just skirts the umbilicus, 
to a zone ^awn round the body opposite the highest point of the crest of the ilium. This 
point is generally half an inch below and to the loft of the umbilicus, but as the position 
of this structure varies with the obesity of the individual, it is not a reliable landmark 
for the situation of tlie bifui’cation of tlie aorta. 

Applied Analtnng .—The abdominal aorta may be the scat of an aneurysm either at 
its up{HW part, close to and often involving the cieliac axis, or at its lower part, near the 
bifurcation. Occasionally aneurysms arc met with on some of the branches of the aorta, 
the mesenteric or splenic, quite independent of the main trunk. 

When an aneurysmal sac is connected uith the back part of the abdominal aorta, it 
usually produces absorption of the bodies of the vertebra*, and forms a pulsating tumour 
that presents itself in the left hypochondria!! or i. oigastrio regions, and is accompanied by 
symptoms of disturbance in the alim^mtary canal. Pain is inv'ariably present, and is 
usually of two kinds—a lixod and constant pain in the back, caused by the tumour pressing 
on or displaciing the branches of the solar plexus and splamhnic nerves ; and a sharp 
lancinating pain, radiating along tluise branches of the lumbar nerves which are pressed 
on by the tumour : hence llu! pain in the loins, the testes, the hypogastrium, and in the 
lower limb (generally of the left side). This form of aneurysm usually hursts into the 
peritoneal cavity, or behind the peritoneum, in the loft hypochondriac region ; or it may 
form a large aneurysmal sac, extending down as low as Poiipart’s ligament. 

When an aneurysmal sac is (!onnected with the front of the aorta near the c(cliac- axis, 
it forms a pulsating tumour in the left hypochondriac or epigastric regions, usually attended 
with symptoms of disturbamic of the alimentary canal, as sickness, dyspepsia, or 
constipation, and acicompanicfl by pain, which is constant, but nearly always iixed, in 
the loins, epiga.strium, or some iiart of the ahdom(*n ; the radiating pain being rare, as 
the lumbar nerves arc seldom im]>licatcd. 'This form of aneurysm may burst into the 
peritoneal cavity, behind the peritoneum, between the layers of the mesentery, or, 
more rarely, into the duodenum ; it rarely «*xtends backwards so as to affect the spine. 

Occlusion of the abdominal aorta by thrombosis or embolism is rare, but prMuces 
very severe symjrtoms when it docs occur. 'The patient complains of intense pain in 
the legs ; pallor of the legs, followed by coldness, lividity, paresis, paral 3 n<is, and finally 
gangrene, are likely to succeed, death usually supervening within a fortnight. 

1110 abdominal aorta has boon tied several times, and although none of the patients 
permanently recoveri'd, still, as one case lived forty-eight days, the possibility of the 
rc-cstablishment of the circulation may be considered to lie proved. 

Collateral Circulation .—The collat(*ral circulation would be carried on by the anasto¬ 
moses between the internal mammary and the deep epigastric ; by the free communication 
between the superior and inferior mesenteries, if the ligature were placed above the latter 
vessel; or by the anastomosis between the inferior mesenteric and the internal pudic, 
when (as is more common) the point of ligature is below the origin of the inferior mesenteric ; 
and possibly by the anastomoses of the lumbar arteries with the branches of the internal 
iliac. • 

BrANC1IB.S op THJ3 ABDOMINAL AoBTA 


The branches of the abdominal aorta may be divided into three sets 
visceral, parietal, and terminal. 

Visceral Branches. Parietal Branches. 


((lastric. 
Cceliac axis Hepatic. 

'Splenic. 
Superior mesenteric. 
Inferior mesenteric. 
Suprarenal. 

Renal. 

Spermatic or Ovarian. 


Inferior phrenic. 
Lumbar. 

Middle sacral. 


Terminal Branches. 
Common iliaes. 


Of the visceral branches, the cceliac axis and the superior and inferior 
mesenteric arteries are single, while the suprarenal, renal, and spermatic or 
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ovarian are paired. The inferior phrenic and lumbar are paired parietal 
branches ; the middle sacral is unpaired. 

CcELiAC Axis (fig. 603) 

The coeliac axis artery (a. cmliaca) is a short thick trunk, about half 
an inch m length, which arises from the aorta, close to the margin of the 
opening in the Diaphragm, and, passing nearly horizontally forwards, divides 


Fia. 603.—^The co^liac axis and its branches ; the liver has been rakod, and the 
lesser omentum and anterior layer of the great omentum removed. 



into three large branches, the gastric or coronary, the hepatic, and the splenic; 
it occasionally gives off one of the phrenic arteries. 

Relations.—The cceliac axis is covered by the lesser omentum. On the right 
side, it is in relation with the right semilunar ganglion and the lobus Spigelii: on 
the left side, with the left semilunar ganglion and cardiac end of the stomach. 
Below, it is in relation to the upper bolder of the pancreas, and the splenic vein. 

1. The gastric or coronary artery (a. gastrica sinistra), the smallest 
of the three branches of the qoeliac axis, passes upwards and to the left, behind 
the lesser sac of the peritoneum, to the cardiac orifice of the stomach, where 
it distribiiles branches to the ojsojihagus (rami oesophagei), which anastomose 
with tlie aortic oesophageal arteries; others supply the cardiac end of the 
stomach, anastomosing with branches of the splenic artery. It then runs 
from left to right, along the lesser curvature of the stomach to the pylorus, 
between the layers of the lesser omentum; it gives branches to both surfaces 
of the organ and at its termination anastomoses with the pyloric branch of 
the hepatic. 

2. The hepatic artery (a. hepatica), in the adult, is intermediate in 
size betw’een the gastric and splenic; in the foetus, it is the largest of the 
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three branches of the coeliac axis. It is first directed forwards and to the 
right, to the upper margin of the first pait of the duodenum, forming the 
lower boundary of the foramen of Winslow. It then passes upwards between 
the layers of the lesser omentum, and in front of the foramen of IVinslow, 
to the transverse fissure of the liver, where it divides into two branches, right 
and left, which supply the corresponding lobes of that organ, accompanying 
the ramifications of the portal vein and hepatic ducts. The hepatic artery, 
in its course along the right border of the lesser omentum, is in relation with 
the common bile-duct and portal vein, the duct lying to the right of the artery, 
hnd the vein behind. 

Its branches arc : 


Pyloric. 

Gastro-duodenal 

(Cystic. 


Right gastro-epiploic. 

Superior pancreatico-duodenal. 


• The pyloric (a. gastrica dextra) arises from the hepatic, above the pylorus, 
dcsc-ends to the* pyloric end of the stomach, mid passes from right to left along its 
lesser curvature, supplying it with branches, and anastomosing with the gastric 
branches of the coronary artery. 

The gastrO’duodenal (a. gastrodiiodenalis) (fig. 60f) is a short but large branch, 
which descends, near the pylorus, behind the first portion of the duodenum, and 


Fig. fK)4.—The oocliac axis and its branches; the stomach has been raised and 

the peritoneum removed. 

Unmchru to groot otiieiilum 



divides at the lower border of this viscus into two branches, the right gastro-epiploic 
and the superior pancreatico-duodenal. Previous to its division it gives off two 
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or three small inferior pyloric branches to the pyloric end of the stomach and 
pancreas. 

The right gastro-epiploic (a. gastroepiploicadextra)ruiis from right to left along 
the greater curvature of the stomach, between the layers of the great omentum, 
anastomosing about the middle of the lower border of the stomach with the 
gastro-epiploic from the splenic artery. This vessel gives off numerous branches, 
some of wliich ascend to supply both surfaces of the stomach, while others descend 
to supply the great omentum. 

The superior pancreatico-dnodenal (a. pancreaticoduodenalis superior) descends 
between the contiguous margins of the duodenum and pancreas. li supplies 
both these organs, and anastomoses with the inferior pancreatico-duodcual branch 
of the superior mesenteric artery, and with the pancreatic branches of the splenic. 

The cystic (a. cystica) (lig. 603), usually a branch of the right hepatic, passes 
downwards and forwards along the neck of the gall-bladder, and divides into 
two branches, one of which ramifies on its free surface, the other between it and 
the surfaces of the liver. 

3. The splenic artery (a. lienalis), in the adult, is the largest of the 
three branches of the coeliac axis, and is remarkable for the extreme tortuosity 
of its course. It passc.s horizontally to the left side, behind the peritoneum 
and along the upper border of the pancreas, accomijanicd by the splenic vein, 
which lies below it; it crosses in front of the upper part of the left kidney, 
and, on arriving near tlie spleen, divides into branches, some of which enter 
the hiluB of that organ between the two layers of the licno-renal ligament 
to be distributed to its structure ; some arc distributed to the pancreas, whih; 
others pass to the greater curvature of the stomach between the layers of the 
gastro-splenic omentum. Its branches are : 

Pancreatic. Vasa brevia. 

Ijcft gastro-epiploic. 

The pancreatic (rami paircrcatici) arc numerous small branches derived from 
the splenic as it runs behind the upper border of the pancreas, supplying its middle 
and left parts. Oirc of those, larger than the rest, is sometimes given off from the 
splenic near the hsft extremity of the pancreas ; it nins from left to right near the 
posterior surface of the gland, following the course of the pancreatic duct, and is 
called the pancreatica magna. These vessels anastomose with the pancreatic 
branches of the pancreatico-duodcual arteries, derived from the hepatic on the 
one, hand and the superior mesenteric on the other. 

The vasa brevia (aa. gastrica* br(*,ves) consist of from five to seven small branches, 
which arise either from the end of the splenic artery, or from its terminal branches. 
They pass from left to right, between the layers of the gastro-splenic omentum, and 
arc distrihutesd to the greater curvature of the stomach, anastomosing with branches 
of the coronary and left gastro-epiploic arteries. 

The left gastro-epiploic (a. gastrocpiploica sinistra), the largest branch of the 
splenic, runs from left to right along the greater curvature of the stomach, betw'een 
the layers of the great omentum, and anastomoses with the right gastro-epiploic. 
In its course it distributes several ascending })raiichcs to both surfaces of the 
stomach ; others descend to supply the omentum. 

Applied AnaUmy .—Embolism of branches of the splenic artery is tolerably common 
in heart disease, the embolus coming from the left side of the heart. It is characterised 
by tlic occurren (!0 of a sudden sharp pain or ‘ stitch ’ in the splenic region, with subse¬ 
quent local enlargement of the spleen from the formation of an infarct in its substance. 

StTPEKioit Mbsentebic Autery (fig. 606) 

The superior mesenteric artery (a. mesenterica superior) is a vessel of 
large size which supplies the whole length of the small intestine, except the 
first part of the duodeimm : it also supplies the emeum and tho ascending 
and transverse ports of the colon. It arises from the front of the aorta, about 
half an inch below the coeliac axis, and is covered at its origin by the splenic 
vein and the neck of the pancreas. It passes downwards and forwards, in 
front of the lower part of the head of the pancreas and third portion of Iho 
duodenum, and descends between the layers of the mesentery to the right 
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iliac fossa, where, considerably diminished in size, it anastomoses with one 
of its own branches, viz. the ileo-colic. In its course it forms an arch, the 
convexity of which is directed forwards and downwards to the left side, 


Fig. 606.—The superior mesenteric artery and its branches. 



the concavity backwards and upwards to the right. It is accompanied by tlie 
superior mesenteric vein, which lies to its right side, and it is surrounded by 
the superior mesenteric plexus of nerves. Its branches are : 

Inferior pancreatico-duodenal. Ileo-colic. 

Vasa intestini tenuis. Right colic. 

Middle colic. 

The inferior pancreatico-duodenal (a. pancreaticoduodenalis inferior) is given 
off from the superior mesenteric or from its first intestinal branch, opposite the upper 
border of the third part of the duodenum. It courses to the right between the 
head of the pancreas and duodenum, and then ascends to anastomose with the 
superior pancreatico-duodenal artery. It distributes branches to the head of the 
pancreas and to the second and third portions of the duodenum. 

The vasa intestini tenuis (aa. intestinalcs) arise frt^ the" convex side of the 
superior mesenteric artery. They are usually from twelve to fifteen in number, 
and arc distributed to the jejunum and ileum. They run parallel with one another 
between the layers of the mesentery, each vessel dividing into two branches, 
which unite with adjacent branches, forming a series of arches, the convexities of 
which are directed towards the intestine. From this first set of arches branches 

. Y y 2 
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arise, which unite witli similar branches from above and below, and thus a second 
series of arches is formed ; and from tluise latter, a third, a fourth, or even a 
fifth series of arches may be constituted, diminishing in size the nearer they approach 
the intestine. From the terminal arches immcnnis small straight vessels arise 
which encircle the intestine, upon which they are distributed, ramifying between 
its coats. Throughout their course small brancluss arc given off to the lymphatic 
glands and other structures between the layers of the mesentery. 

The ileo-eolic (a. ileocolica) is the lowest branch given off from the concavity 
of the superior mesenteric arttny. It passes downwards and to the right behind 
the peritoneum towards the right iliac fossa, where it divides into two branches. 
Of these the inferior division anastomoses with the termination of the superior 
mesenteric artery ; the supei’ior divisioti anastomoses with the right colic. 

The descending branch of <.ho ihso-colic runs towards the nppcr border of the 
ileo-crocal junction and supplies the following branches : 

(a) colic, which passes upwards on the ascending colon ; (h) anterior and 'posterior 
ccecal, which arc distributed to the front and back of the caecum; (c) appendicnlttr 
(a. appendicuhiris) which passes downw'urds behind the termination of the ileum and 


Fia. —Arteries of cwoum and vermiform appendix. 



runs in the meso-appondix close to its free margin for the supply of the vermiform appendix ; 
and (d) ileal, which runs uiiwards and to the left on the lower part of the ileum, and 
anastomoses with the termination of the superior mesenteric (fig. 606). 

The right colic (a. colica dextra) arises from about the middle of the concavity 
of the superior mesenteric arteiy ; it passe.s to the right behind the peritoneum, 
and in front of the right spermatic or ovarian vessels, the right ureter and the 
Psoas, towards the middle of the ascending colon, where it divides into a descending 
branch, which anastomoses with the ileo-colic, and an ascending branch, which 
anastomoses with the middle colic. These branches fornr arches, from the 
convexity of whic-.h vessels arc distributed to the ascending colon. 

The middle colic (a. colica media) arises from the upper part of the concavity 
of the superior mesenteric, and, passing downwards and forwards between the 
layers of the ^^transverse mesocolon, divides into two branches, right and left; the 
former anastomoses with the right colic ; the latter with the left colic, a branch of 
the inferior mesenteric. From the arches thus formed, branches are distributed 
to the transverse colon. 
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Inferioe Mesenteric Abtbby (fig. 607) 

The inferior mesenteric artery (a. mesenterica inferior) supplies the 
descending, iliac, and pelvic portions of the colon, and the greater p^ of the 
rectum. It is smaller than the superior mesenteric, and arises from the front 
and towards the left side of the aorta, between one and two inches above 
the division into the common iliacs. It passes downwards to the left iliac 
fossa, and then descends, between the layers of the pelvie mesocolon, into the 
pelvis, under the name of the superior hmmorrlioidal artery. It lies at first in 

Fio. 607.—^The inferior mesonterio artery and its branches. 



close relation with the left side of the aorta, and then passes as the superior 
lisemorrhoidal iii front of the left common iliac artery. Its branches are: 

Left colic. Sigmoid. Superior haemorrhoidal. 

The left colic (a. colica sinistra) passes behind the peritoneum, in front of the 
left kidney, to reach the descending colon; it divides into an ascending branch 
which runs between the two layers of the transverse mesocolon and anastomoses 
with the middle colic, and a descending branch which anastomoses with the upper 
sigmoid artery. From the arches formed by these anastomoses branches are 
distributed to the descending colon. 

The sigmoid arteries (aa. sigmoideae) run obliquely downwards and outwards 
behind the peritoneum and in front of the Psoas and ureter to the iliac colon. 
They divide into branches which supply the lower part of the descending colon, the 
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iliac colon, and the pelvic colon ; anastomosing above with the left colic, and 
below with the superior hsemorrhoidal artery. 

The superior hsemorrhoidal (a. hsemorrhoidalis superior), the continuation of 
the inferior mesenteric, descends into i^e pelvis between the layers of the mesen¬ 
tery of the pelvic colon, crossing, in its course, the ureter and left common iliac 
vessels. It divides, opposite the third sacral vertebra, into two branches, which 
descend one on either side of the rectum, and about four or five inches from the anus 
break up into several small branches. These pierce the muscular coat of the bowel 
and run downwards, as straight vessels, placed at regular intervals from each other 
in the wall of the gut between its muscular and mucous coats, to the level of the 
internal sphincter ; here they form a series of loops around tlio lower end of the 
rectum, and communicate with the middle hsemorrhoidal branidics of the internal 
iliac, and with the inferior hsemorrhoidal branches of the internal pudic. 

Applied Anahmy .—Embolism f)f the mesenteric arteries produces acute and severe 
symptoms, of which the chief are abdominal i)ain and tenderness, nausea and vomiting, 
diarrheea or constipation, and intcslinnl obstruction; blood is found in the stools of 
nearly half the patients. 


Suprarenal Arteries (fig. 602) 

The suprarenal arteries (aa. suprarenales) are two small vessels which 
arise, one from either side of the aorta, op}»osite the superior mesenterio artery. 
They pass obliquely upwards and outwards, over the eiura of the Diaiiliragm, 
to the under surface of the suprarenal glands, to which they arc distributed, 
anastomosing w’itli suprarenal branches of the inferior phrenic and renal 
arteries. In the adult tlu'sc arteries are of small size ; in the foetus they ai’e 
as large as the renal arteries. 

Renal Arteries (fig, 602) 

The renal arteries (aa. rcnalcs) are twcj large ti’uiiks, which arise from 
the sides of the aorta, immediately below the suiicrior mesenteric artery. 
Each is directed outwards across the crus of the Diaphragm, so as to form 
nearly a right angle with the aorta. 1’he right is longer than the left, on 
account of the position of the aorta ; it passes behind the inferior vena cava. 
The loft is somewhat higher than the right. Before reaching tlie hilus of the 
kidney, each artery divides into four or five branches ; the greater number 
of these lie between the renal vein and ureter, the vein being in front, the 
ureter behind, but one braiiob is usually situated behind the ureter. Eacli vessel 
gives off some small branches to the suprarenal gland, the ureter, and the 
surrounding cellular tissue and muscles. One or two accessory renal arteries are 
frequently found, more especially on tlic left side : they usually arise from 
the aorta, and may come oif above or beloiv the main artery, the former being 
the more common position. Instead of entering the kidney at the hilus, they 
usually pierce the upper or lower part of the gland. 

Spermatic and Ovarian Arteries 

The spermatic arteries (aa. sperraatiom internse) (fig. 602) are distributed 
to the testes. They arc two slender vessels of considerable length, and arise 
from the front of the aorta a little below the renal arteries. Each artery passes 
obliquely outwards and dowmwards behind the peritoneum, resting on the 
Psoas magnus, the right spermatic lying in front of the inferior vena cava 
and behind the terminal part of the ileum, the loft behind the iliac colon. 
It crosses obliquely over t lie ureter and the low'er part of the external iliac artery 
to reach tlic internal abdominal ring, through which it passes, and accom¬ 
panies th(5 other constituents of the .spermatic cord along the inguinal canal 
to the scrotum, w'here it becomes tortuous, and divides into several branches. 
Two or three of these accompany the vas deferens, and supply the epididymis, 
anastomosing with the artery of the vas deferens ; others pierce the back 
part of the tunica albuginea, and supply the substance of the testis. The 
spermatic artery supplies one or tw^o small branches to the ureter, and in 
the inguinal canal gives one or two twigs to the Cremaster. 
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The ovarian arteries (aa. ovaricae) are the corresponding arteries 
in the female to the spermatic in the male. They supply the ovaries, are 
shorter than the spermatic, and do not pass out of the abdominal cavity. 
The origin and course of the first part of each artery are the same as those of 
the spermatic, but on arriving at the margin of the pelvis the ovarian artery 
passes inwards, between the two layers of the broad ligament of the uterus, 
to be distributed to the ovary. Small branches are given to the ureter 
and the Fallopian tube; and one passes on to the side of the uterus, and 
anastomoses with the uterine artery. Other offsets are continued along the 
round ligament, through the inguinal canal, to the integument of the labium 
and groin. 

At an early period of foetal life, when the testes-or ovaries lie by the side 
of the vertebral column, below the kidneys, the spermatic or ovarian arteries 
are short; but as these organs descend into tlie scrotum or pelvis, the arteries 
become gradually lengthened. 

Inferiok Pfubnio Abtebies (fig. 602) 

The inferior phrenic arteries (aa. plireuicae inferiores) are two small 
vessels, which present muc-h variety in their origin. They may arise sepa¬ 
rately from the front of the aorta, irnrn(;dial('ly above the cceliac axis, or by 
a common trunk, which may spring either fi’oin the aorta or from the cceliac 
axis. Sometimes one is derived from the aorta, and tlie other from one of 
the renal arteries. In only one out of thirty-six cases examined did these 
arteries arise as two separate vessels from the aorta. Tluty diverge from one 
another across the crura of the Diaphragm, and then pass obliquely upwards 
and outw'ards upon its under surface. The left phrenic passes behind the 
oesophagus, and runs forwards on the left side of the oesophageal opening. 
The right phrenic passes behind the inferior vena cava, and ascends along 
the right side of the aperture which transmits that vein. Near the back part 
of the central tendon each vessel divides into an internal and an external 
branch. The internal branch runs forwards, supplying the Diaphragm, and 
anastomosing with its fellow of the oijposite side, and with tlie musculo-phrenic 
and comes nervi phrenic! branches of the internal mammary. The external 
branch passes towards the side of the thorax, and anastomoses with the lower 
intiTcostal arteries, and with the musculo-phrenic. The internal branch of 
the right phrenic gives off a few vessels to the inferior vena cava; and the 
left one, some branches to the oesophagus. Each vessel also sends glandular 
branches to the suprarenal gland of its own side. The spleen and the liver 
also receive a few branches from the left and right vessels respectively. 


Lumbar Aktbkies 

The lumbar arteries (aa. lumbalcs) are in series with the intercostals. 
They are usually four in number on either side, and arise from the back part 
of the aorta, opposite the bodies of the upper four lumbar vertebra}. A fifth 
pair, small in size, is occasionally present: it arises from the middle sacral 
artery. They run outwards and backwards on the bodies of the lumbar 
vertebra}, behind the sympathetic cord, to the intervals between the adjacent 
transverse processes, and are then continued into the abdominal w'all. The 
arteries of the right side pass behind the inferior vena cava, and the upper 
two on each side run behind the corresponding crus of the Diaphragm. The 
arteries of both sides pass beneath the tendinous arches which give origin to 
the Psoas magnus, and are then continued behind this muscle and the lumbar 
plexus. They now cross the Quadi'atus lumborurn, the upper three arteries 
running behind, the last usually in front of the muscle. At the outer border 
of the Quadratus lumborurn they pierce the posterior aponeurosis of the Trans- 
vcrsalis abdominis and are carried forwards between this muscle and the 
Internal oblique. They anastomose with the lower intercostals, the subcostal, 
the ilio-lumbar, the deep circumflex iliac, and the deep epigastric arti'ries. 

Branches .—^In the interval between the adjacent transverse processes each lumbar 
artery gives off a dorsal branch (ramus dorsalis) which is continued backwards between 
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the transverse processes and is distributed to the muscles and skin of the back. It gives 
off a spinal hrandi (ramus spinalis) which enters the spinal canal and is distributed 
in a similar manner to the laWal spinal branches of the vertebral (page 660). Muscular 
branches are supplied from each lumbar artery and from its dorsal branch to the 
neighbouring muscles. 


Middle Sackal Artery 

The middle sacral artery (a. saoralis media) is*-a small vessel, which 
arises from the back of the aorta, at or a little above its bifurcation. It 
dcscicnds upon the last lumbar vertebra, and along the middle line of the front 
of the sacrum, to the upper part of the coccyx ; it anastomoses with the lateral 
sacral arteries, and terminates in the coccygeal body. From it, minute 
branches pass to the posterior surface of the rectum. Other branches are 
given off on each side, which anastomose with the lateral sacral arteries, and 
send offsets into the anterior sacral foramina. It is crossed by the left common 
iliac vein, and is accompanied by a ])nir of venae comites ; these unite to form 
a single vessel, which opens into the left common iliac vein. 

Common Iliac Arteries (fig. 602) 

The abdominal aorta divides, on the left side of the body of the fourth 
lumbar vertebra, into the two common iliac arteries. Each is about two 
inches in length. They diverge from the termination of the aorta, pass 
douTiwards and outwards to the margin of the pelvis, and divide, opposite 
the intervertebral disc between the last lumbar vertebra and the sacrum, 
into two branches, the external and internal iliac arteries : the former 
8upi)lios the lower extremity ; the latter, the viscera and parietes of the 
pelvis. 

The right common iliac (fig. 608) is Sonn'what longer than the left, and 
passes more obliquely across the body of the last lumbar vertebra. In frorti of 
it are the peritoneum, tlie small intestines, blanches of the sym])athetic nerves, 
and, at its point of division, the ureter. Behind, it is separated from the bodies 
of the fourth and fifth lumbar vertebras, and the intervening disc, by the 
two common iliac veins. On its outer side, it is in relation, above, with the 
inferior vena cava and the right common iliac vein; and, below, with 
tlu' Psoas raagnus muscle. On its inner side, above, is the left common 
iliac vein. 

The left common iliac is in relation, in front, with the pt'ritoneum, tlie 
small intestines, branches of the sympathetic nerves, and the superior ha?mor- 
rhoidal artery ; and is crossed at its point of bifuriiation by the ureter. It 
rests on the bodies of the fourth and fifth lumbar vertt'bra*., and the inter¬ 
vening disc. Tlie left common iliac vein lies partly on the inner side of, and 
partly behind the artery ; on its outer side, the artery is in relation with the 
Psoas magnus muscle. 

Branches. —The common iliac arteries give off small branches to the 
peritoneum. Psoas magnus, ureters, and the surrounding cellular tissue, and 
occasionally give origin to the ilio-lumbar, or accessory renal arteries. 

Peculiarities. —The point of origin varies according to the bifurcation of fiic aorta. In 
three-fourths of a large number of ciutes, the aorta bifurcated either upon the fourth 
lumbar vertebra, or upon the disc between it and the fifth ; the bifurcation being, in one 
case out of nine, l»elow, and in one out of eleven above this point. Tn about eighty per 
cent, of the cases the aorta bifurcated within half an inch above or below the level of the 
crest of the ilium : more frequently below than above. 

The point of dirislnn is subject to great variety. In two-thirds of a large number of 
cases it wa.s between the last lumbar vertebra and the upper border of the sacrum ; being 
above that point in one liase out of eight, and below it in one case out of six. The left 
common iliac artery divides lower down more frequently than the right. 

The relative lengths, also, of the two common iliac arteries vary. The right common 
iliac was the longer in sixty-three coses; the left in fifty-two; while they were equal 
in fifty-three. Ihe length of the arteries varied, in five-sevenths of the cases examined, 
from an inch and a half to three inch(« ; in about half of the remaining cases the artery 
was longer, and in the other half, shorter: the minimum length being less than half an 
Inch, the maximum four and a half inches. Tn rare instances, the right common iliac 
has been found wanting, the external and internal iliacs arising directly from the aorta. 
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Surface Marking .—Draw a line between the highest points of the iliac crests: this is 
nsnally half an inch below the umbilicus; in this line take a point half an inch to the 
left of the middle line. From this draw two lines to points midway between the 
anterior superior iliac spines and the symphysis pubis. These two diverging lines will 
represent the course of the common and external iliac arteries. Draw a second line 
corresponding to the level of the anterior superior spines of the ilium; the portion of the 
diverging lines between these two levels on either side will represent the eourse of the 
common iliac artery ; the portion below the lower zone, that of the external iliac artery. 

Apjdied Anatomy .—The apjdication of a ligature to the common iliac, artery may he 
requir^ on account of aneurysm or htemorrhage, implicating the external or internal 
iliacs; The easiest and best methocl of tying tlie artery is by a transporitoncal route. 
The abdomen is opened, the intestines are draum to one side and the peritoneum 


Fxo. 608.—^Arteries of the pelvis. 



covering the artery divided : the sheath is then opened and the needle passed from within 
outwards. On the right side great care must be exercised in passing the needle, since 
both the common iliac veins lie behind the artery. After the vessel has been tied, the 
incision in the peritoneum over the artery should be sutured. Formerly there were 
two different methods by which the common iliac artery was tied, without opening the 
peritoneal cavity: (1) an anterior or iliac incision, by which the vessel was approached 
more directly from the front ; and (2) a posterior abdominal or lumbar incision, by which 
the vessel was reached from behind. 

Gollateral Circulation .—^Tho principal agents in carrying on the collateral circulation 
after the application of a-ligature to the common iliac are : the anastomoses of the hiemor- 
rhoidal brapehes of the internal iliac with the superior hsemorrhoidal from the inferior 
mesenteric; of the uterine, ovarian, and vesical arteries of the opposite sides; of the 
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lateral sacral with the middle sacral artery ; of the epigastric with the internal mammary, 
inferior intercostal, and lumbar arteries ; of the circumflex iliac with the lumbar arteries ; 
of the ilio-lumbar with the last lumbar artery; of tlie obturator artery, by means of 
its pubic branch, with the vessel of the opposite side and with the deep epigastric. 

Intebnal Iliac Aeteiiy (fig. 608) 

The internal iliac or hypogastric artery (a. hypogastrica) supplies 
the walls and viscera of the pelvis, the buttock, the generative organs, and 
the inner side of the thigh. It is a short, thick vessel, smaller than the external 
Uiac, and about an inch and a lialf in lengtli. It arises at llie bifurcation 
of the common iliac, opposite the lumbo-saeral articulation, and, passing 
downwards to the uj:)per margin of tlie great sacro-sciatio foramen, divides 
into two large trunks, an anterior and a 'posterior. 

Relations.—It is in relation in fremt, with the ureter, whicli separates it from 
the peritoneum ; behind, with the internal iliac vein, the lumbo-saeral cord, and 
the Pyriformis muscle; on its outer side, near its origin, with the external iliac 
vein, which lies between it and the Psoas magnus muscle ; lower domi, with the 
obturator iktvc. 

In the foetus, the internal iliac or hypogastric artery is twice as largo as the 
external iliac, and is t he direct continuation of the common iliac. It ascends 
along the side of the bladder, and runs upwards on the back of the anterior 
wall of the abdomen to the umbilicus, converging tow'ards its fellow of the 
opposite side. Having {)assed through the umbilical opening, the two arteries, 
now termed umbilical, enter the umbilical cord, where they are coiled round 
the umbilical vein, and ultimately ramify in the placenta. 

At birth, when the placental circulation ceases, the pelvic portion only 
of the hypogastric artery remains patent and constitutes the internal iliac 
artery and tlio first part of the superior vesical artery of the adult; the 
remainder of the vessel is converted into a solid fibrous cord, the obliterated 
hypogastric artery (hgamentum umbilicale laterale), which extends from the 
pelvis to the umbilicus. 

Peculiarities as regards length. —In two-thirds of a large number of cases, tho length 
of tho internal iliac varied between an inch and an inch and a half; in the remaining 
third it was mort^ frequently longer than shorter, the maximum length being three inches, 
the minimum half an inch. 

The lengths of the <-omraon and internal iliac arteries bear an inverse proportion to 
each other, the internal iliac artery being long when tho common iliac is short, and vice 
versa. 

As regards its place of division .— Tho place of division of the internal iliac varies between 
tho upper margin of the sacrum and the upper border of the saxsro-scialio foramen. 

The right and left internal iliac arteries in a series of cases often dillorod in length, 
but neither seemed constantly to exceed tho other. 

Applied Anatomy .— Tho application of a ligature to the internal iliac artery may be 
required in cases of aneurysm or hwmorrhage affecting one of its branches. The vessel 
may be best secured by an abdominal section in the median line, and reaching the vessel 
tlirough the peritoneal cavity. It should be remembered that the vein lies Iwhind, and 
on the right side, a little external to the artery, and in close contact with it; the ureter, 
which lies in front, must also be avoided. The degree of facility in applying a ligature 
to this vessel wll mainly depend upon its length. It has been seen that, in the great 
majority of the cases examined, the artery was short, varying from an inch to an inch 
and a half ; in these cases, the artery is deeply seated in the pelvis : when, on the contrary, 
the vessel is longer, it is found partly above that cavity. If the artery be very short, as 
occasionally happens, it would be preferable to apply a ligature to tho common iliac. 

Collateral Circulation. —The circulation after ligature of tho internal iliac artery is 
can-ied on by the anastomoses of the uterine and ovarian arteries ; of the vesical arteries 
of the two sides; of tho hapmorrhoidal branches of the mtemal iliac with those from 
the inferior mesenteric ; of the obturator artery, by means of its pubic branch, with 
the vessel of the o])posito side, and with the eihgastric and intomal circumflex; of tho 
circumflex and perforating branches of the profunda femoris with the sciatic ; of the 
gluteal with tho |X)Sterior branches of tho sacral arteries; of the ilio-lumbar with the 
last lumbar ; of the lateral sacral with tho middle sacral; and of tho circumflex iliac 
with tho ilio-lumbar and gluteal.* 

• For a description of a case in which Owen made a dissection ten years after ligature of 
the internal iliac arteiy, .see Med.-Cbir. Trmis. vol. xvi. 
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The branches of the internal iliac are : 

From the Anterior Trunk. From the Posterior Trunk. 

Superior vesical. Ilio-lumbar. 

Middle vesical. Lateral sacral. 

Inferior vesical. Gluteal. 

Middle hsemorrhoidal. 

Obturator. 

Internal pudic. 

Sciatic. 

The superior vesical (a. vesicalis superior) supplies numerous branches to the 
upper part of the bladder. From one of these a slender vessel, the artery to 
the vas deferens, takes origin and accompanies the vas deferens in its comsc 
to the testis, where it anastomoses with the spermatic artery. Other branches 
supply the ureter. As already explained, the fiTst part of the superior vesical artery 
represents the terminal section of the pervious portion of the hypogastric artery. 

The middle vesical (a. vesicalis media), ufually a branch of the superior, is 
distributed to the base of the bladder and under surface of the vesicul® seminales. 

The inferior vesical (a. vesicalis inferior) frequently ariscss in common with the 
middle hemorrhoidal, and is distributed to the base of the bladder, the prostate 
gland, and the vesicule seminales. The branches to the prostate communicate 
with the corresponding vessels of the opposite side. 

The middle hsemorrhoidal (a. hemorrhoidalis media) usually arises together 
with the preceding vessel. It is distributed to the rectum, anastomosing with 
the inferior vesic.al and with the superior and inferior hemorrhoidal arteries. It 
gives offsets to the seminal v<>siclc and prostate gland. 

The uterine (a. uterina) (fig. 609) springs from the anterior division of the 
internal iliac and runs inwards on the Levator ani towards the cervix uteri ; about 


h’lo. 609.—The arteries of the internal organs of generation of tlie female, 
seen from behind. (After Hyrtl.) 



three-quarters of an inca from the cervix it crosses above and in front of the 
ureter, to which it supplies a small branch. Reaching the side of the uterus it ascends 
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in a tortuous manner between the two layers of the broad ligament to the junction 
of the Fallopian tube and uterus. It then runs outwards towards the hilus of the 
ovary, and terminates by anastomosing with the ovarian artery. It supplies branches 
to the cervix uteri and others which descend on the vagina; the latter anastoniose 
with branches of the vaginal arteries and form with them two me^an longitudinal 
vessels—^the azygos caUfnes of the vagina —which nm down one in front and tiie 
other on the back of the vadna. It supplies numerous branches to the bodjr of 
the uterus, and from its temunal portion branches are distributed to the Fallopian 
tube and the ^und ligament of the uterus. , ^ 

The vaginal (a. vaginalis) usually corresponds to the inferior vesical in the 
male; it descends upon the vagina, supplying its mucous membrane, and sends 
branches to the bulb of the vestibule, the neck of the bladder, and the contiguous 
part of the rectum. It assists in forming the azygos arteries of the vagina, and 
IS frequently represented by two or three branches. 

The obturator (a. obturatoria) passes forwards and downwards on the lateral 
wall of the pelvis, to the upper part of the obturator foramen, and, escaping 
from the pelvic cavity through a short canal, formed by a groove on the under 
surface of the ascending ramus of the pubis and the arched border of the obturator 
fascia, it divides into an internal and an external branch. In the pelvic cavity 
this vessel is in relation, externally, with the obturator fascia; internally, with 
the ureter, vas deferens, and peritoneum; while a little below it, is the obturator 


Branches. — Inside, the 'jKlris. the obturator artery gives olT an iliac branch to the iliac- 
fossa, which supplies the bone and the Iliiicus muscle, and anastomoses with the ilio-lumbar 
artery ; a vc.fical branch, which runs l)ackwards to supply tlic bladder ; and a jmbic branch, 
which is given off fnmi the vessel just before it leaves the pelvic cavit\. The pubic 
branch ascends upon the hac-k of t he pubis, communicating with offsets from the deep 
opigastriti artery, and with tlio corresponding vessel of the opposite side ; it is sometimes 
placed on the inner side of the femoral ring. 

Outside the pelvis, the obturator artery divides into an internal and an external brand'. 
which are deeply situated beneath the (Jhturalor externus. 

The internal branch curves downwards along the iimcr margin of the obtHrjitor foramen, 
lying beneath the Ohtiiratrw externus muscle ; it distributes hraiiehcs to the Obturator 
externus, Peetineu.s, Ad<liictors, and (rracilis, and anastomoses with the external branch, 
and with the intiiriial circumOex artery. 

The exta'nal branch curves round the outer margin of the foramen, also lying beneath 
the Obturator externus muscle, to the space between the, Oemellus inferior and Quadrat us 
fomoris, where it divides into two braruiKss. One, the smallci-, course's inwards around the 
lower margin of the foramen and amtstomoses wil.li the interns! branch and -w-ith the 
inlernnl ciroiimtlcx ; the other inclines outwards in the groove below tlie aeetahiiluni, 
and supplies the muscles attached to the tuberosity of the ischium and anastomoses with 
the sciatic artery. It sends through the cotyloid notch a branch to the hip-joint, which 
ramifies on the round ligament as far as the bead of the femur. 

Peculiarities .—The obturator artery sometimes arises from the main stem or from the 
posterior trunk of the iiTtcmal iliac, or it may spring from the gluteal arterj. Occasionally 
it arises from the external iliac. In about two out of every seven cases it springs from 
the deep opigastri*; and descends almost vertically to the upper part of the obturator 
foramen. Ilie artery in this course iLsually lies in conta<!t with the external iliac vein. 


Fio. 010.—^Variations in origin and course of obturator artery. 



and on the outer side of the femoral ring (fig. 610, a) ; in such coses it would not Iw 
endangered in the operation for femoral hernia. Owasionally, however, it curves inwards 
along the free margin of Oimbemat’s ligament (fig. 610, b), and if in such circumstance-s 
a femoral hernia occurred, the vessel would almost completely encircle the neck of the 
hernial sac, and would be in great danger of being wounded if an operation were performed 
for strangulation. 
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The internal pndic (a. pudenda interna) is the smaller of the two termhial 
branches of the anterior trunk of the internal iliac, and supplies the external organs 
of generation. Though the course of the artery is the same in the two sexes, the 
vessel is much smaller in the female than in the male, and the distribution of its' 
branches somewhat different. The description of its arrangement in the male 
will first be given, and subsei]uently the ditterences which it presents in the female 
will be mentioned. 

The internal pndic artery in the male passes downwards and outwards to the 
lower border of the great sacro-sciatic foramen, and emerges from the pelvis between 
the Pyriformis and Coccygeus muscles; it then crosses the spine of the ischium, 
and enters the perinseum through the lesser sacro-sciatic foramen. The artery 
now crosses the Obturator internus muscle, along the outer wall of the ischio¬ 
rectal fossa, being situated about an inch and a half above the lower margin of the 
ischial tuberosity. It gradually approaches the margin of the ramus of the ischium 
and passes forwards between the two layers of the triangular ligament of the 
pcriniBum; it then runs forwards along the inner margin of the ramus of the pubis 
and about half an inch behind the sub-pubic Hgament it pierces the superficial 
layer of the triangular ligament and divides into its two terminal branches, the 
dorsal artery of the penis and the artery of the corpus cavermsum. 

Relations.—Within the pelvis, it lies in front of the Pyriformis muscle, the 
sacral plexus of nerves, and the sciatic artery, and on the outer side of the rectum 
{on the left side). As it crosses the spine of the ischium, it is covered by the 
(Tliiteus maximuB and overlapped by the great sacro-sciatic ligament. Here the 
pndic nerve lies to the inner side and the nerve to the Obturator internus to the 
outer side of the vessel. In the perinaeum it lies on the outer side of the ischio¬ 
rectal fossa, in a canal (Ahoch's canal) formed by the, splitting of the obturator 
fascia. It is accompanied by the pudic veins and the pudic neive. 

Peoaliarifies .—The internal jmdie is sometimes smaller than usual, or fails to give off 
one or two of its usual branches ; in siieh eases the deficiency is supplied by branches 
derived from an additional vessel, tin; arceskonj pndic, which generally arises from the 
infernal pudic artery before its exit from the great sacro-sciatic foramen. It passes 
forwards along the lower part of the bladder and across the side of the prostate gland to 
the root of tho penis, whore it perforates the triangular ligament, and gives off the branches 
usually derived from the pudic artery. The deficiency most frequently met with is that 
in which the internal pudic ends as the artery of the bulb, the artery of the corpus caver- 
nosum and the dorsal artery of the penis being derived from tho act-essory pudic. The 
pudic artery may also terminate as the superficial perineal, the artery of tho bulb being 
derived, with the othc'.r two branches, from the accessory vessel. Occasionally the accessory 
pudic arteiy is derived from one of the other brunches of the internal iliac, most frequently 
the inferior vesical or tho obturator. 

Branches.—1'hc brandies of the internal pudic artery are : 

Muscular. Transverse perineal. 

Inferior hasmorrhoidal. Artery of the bulb. 

Superficial perineal. Artery of the corpus cavernosum. 

Dorsal artery of the penis. 

• 

Tho muscular branch-es consist of two sets : one given off in the pelvis ; the other, as 
the vessel crosses tho ischial spine, 'llie former consists of several small offsets which 
supply the Levator ani, the Obturator internus, the Pyriformis, and the Coccygeus muscles. 
The branches given off outside tho pelvis are distributed to tho adjacent part of the Gluteus 
maximus and external rotator muscles. They anastomose with branches of the sciatic 
artery. 

The inferior hremorrlioidal (a. hsemorrhoidalis inferior) (fig. 611) arises from the interna 
pudic as it passes above the tuberosity of the ischium. Piercing tho wall of Alcock’s canal 
it divides into two or thrCb branches which cross the ischio-rectal fossa, and are distributed 
to the muscles and integument of the anal region, and send offshoots round the lower 
edge of the Gluteus maximus to the skin of the buttock. They anastomose with the 
corresponding vessels of the opposite side, with the superior and middle hiemorrhoidal, 
and with the transverse and superficial perineal arteries. 

The superficial perineal (a. perinoi) supplies the scrotum and the muscles and integument 
of the perinseum. It arises from tho internal pudio, in front of the preceding branches, 
and turns upwards, crossing either over or under the 'Transversus porinsei muscle, and runs 
forwards, parallel to the pubio arch, in tho interspace between the Ejaeulator urina> and 
Erector penis muscles, both of which it supplies, and is finally distributed to the skin and 
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daftoa muHcle of the scrotum. In its passage through the pcrinseum it lies under cover 
of tlxe superficial perineal fascia. 

Fig, 611.—^The superficial branchc.s of the internal pudic artery. 


SKf/erfleinl perinnil ortfirtf 
SfijM-rjUinl Ufrvt 

lulft fni7 pndte wfrtv- 
hiterml pntilc ftrlertj 


Fig. 612.—The deeper branches of the internal pudic artery. 





The transverse perineal is a small branch which arises either from the internal pudic, 
or from the superficial perineal artery as it crosses the Transversus perinaei muscle. It 
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runs transversely inwards along the cutaneous surface of the Transversus perinaei muscle, 
and anastomoses with the corresponding vessel of the opposite side and with the super¬ 
ficial perineal and inferior hmmorrhoidal arteries. It supplies the Transversus perinaei and 
the structures between the anus and the bulb of the urethra. 

The artery o f the hvS) (a. bulbi urethraj) (iig. 612) is a short vessel of large calibre which 
arises from the internal pudic between the two layers of the triangular ligament; it passes 
nearly transversely inwards through the fibres of the Compressor urethras muscle, pierces 
the superficial layer of the 

triangular ligament, and gives Fio. 613.—The arteries of the gluteal and posterior 
off branches which ramify in femoral regions. 


the bulb of the urethra. It 
is then continued forwards in 
the corpus spongiosum to the 
glans penis. It gives off a small 
branch to Cowper’s gland. 

The artery of the corpv^ 
cavemosum (a. profunda penis), 
one of the terminal branches 
of the internal jmdic, arises 
from that vessel while it is 
situated l)etween the two layers 
of the triangular ligament; it 
pierces the superficial layer, 
and, entering the crus jMsnis 
obliquely, runs forwards in the 
centre of the corpus ciiver- 
nosum, to which its branches 
are distributed. 

The dvrml artery of the penis 
(a. dors.alis penis) ascends 
between the crus and the pu bi(! 
symphysis, and, piercing the 
triangular ligament, ])assos 
between tlie two layers of the 
suspensory ligament of the 
penis, and runs forwards on 
the dorsum of the penis to the 
glans, where it divides into 
two branches, which supply 
the glans and prepuce. On the 
penis, it lies between the dorsal 
nerve and deep dorsal vein, 
the former being on its outer 
side. It supplies the integu¬ 
ment and fibrous sheath of 
the corpus cavemosum, send¬ 
ing branches through the sheath 
to anastomose with the pre¬ 
ceding vessel. 

The internal pudic artery 
in the female is smaller than 
in the male. Ife origin 
and course are similar, and 
there is considerable analogy 
in the distribution of its 
branches. The superficial 
perineal artery supplies the 
labia pudendi; the artery of 
the bulb supplies the bulbus 
vestibuli and the erectile 



tissue of the vagina; the 

artery of the corpus cavemosum supplies the cavernous body of the clitoris ; and 
the arteria dorsalis clitoiidis supplies the dorsum of that organ, and terminates in 
the glans and in the membranous fold corresponding to the prepuce of the male. 
The sciatic artery (a. glutsea inferior) (fig. 613), the larger of the two terminal 
branches of the anteriortrunk of the internal iliac, is distributed chiefly on the buttock 
and back of the thigh. It passes down on the sacral plexus of nerves and the 
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Pyriformis muscle behind the internal pudic artery to the lower part of the great 
sacro-sciatic foramen, through which it escapes from the pelvis between the 
Pyriformis and Coccygeus. It then descends in the interval between the great 
trochanter of the femur and tuberosity of the iscluum, accompanied by the 
sciatic nerves, and covered by the Gluteus maximus, and is continued down 
the back of the thigh, supplying the skin, and anastomosing with branches of 
the perforating arteries. 

Inside the pelvis it distributes branches to the P}Tiformis, Coccygeus, and 
Levator ani muscles; some hsemorrhoidal branches, which supply the rectum, 
and occasionally take the place of the middle liaemorrhoidal artery; and vesical 
branches to the base and neck of the bladder, vesicular seminales, and prostate 
gland. Oidside the pelvis it gives of! the following branches : 

Muscular. Anastomotic. 

(’occygeal. ArticuJ.ar. 

(!omes nervi ischiadici. Cutaneous. 

The muscular branches sup{>1y the Gluteus maximus, anastomosing with the gluteal 
artery in the substance of the muscle ; the external rotators, anastomosing with the internal 
pudic artery; and the muscles attached to the tuberosity of the ischium, anastomosing 
with the external branch of the obturator and the internal circumflex arteries. 

The coccygeal branch runs inwards, pierces the great sacro-sciatic ligament, and supplies 
the Gluteus maximus, the integument, and other structures on the back of the coccyx. 

The ctmes nervi ischiadici (a. comitans n. ischiadici) is a long, slender vessel, which 
accompanies the great sciatic nerve for a short distance ; it then penetrates it, and runs in 
its substance to the low'er part of the thigh. 

The anastomotic is directetl downwards across the external rotators, and assists in 
forming the so-called crucial anastomosis by anastomosing with the superior perforating 
and internal and external circumflex arteries. 

The articular branch, generally derived from the anastomotic, is distributed to the 
capsule of the hip-joint. 

The cutanemis brandtes are distributed to the skin of the buttock and back of the thigh. 

The ilio-lumbar artery (a. iliolumbalis), given olf frotii the posterior trunk of 
the internal iliac, turns upwards and outw'ards behind tlui obturator nerve and 
the external iliac vessels, to the inrmr margin of the Psoas muscle, behind which 
it divides into a lumbar and an iliac branch. 

The lumbar branch (ramus lumbalis) supplies the Psoas and Quadratus lumborum 
muscles, anastomoses with the last lumbar artery, and sends a small spinal branch through 
the intervertebral foramen between the last lumbar vertebra and the sacrum, into the 
spinal canal, to supply the cauda equina. 

The iliac branch (ramus iliacus) descends to supply the Iliacus muscle; some oflFsets, run¬ 
ning between the muscle and the bone, anastomose with the iliac branch of the obturator; 
one of these entem an oblique canal to supply the diploe, while others run along the crest of 
the ilium, distributing branches to the gluteal and abdominal muscles, and anastomosing 
in their course with the gluteal, circumflex iliac, and external circumflex arteries. 

The lateral sacral arteries (aa. sacrahts laterales) (fig. G08) are usually two in 
number on cither side, superior and inferior. 

The superior, Avhich is of largo size;, passes inwards, and, after anastomosing 
with branches from the middle sacral, miters the first or second anterior sacral 
foramen, supplies hraiiches to the contents of the sacral canal, and, escaping by 
the corresponding posterior sacral foramen, is distributed to the skin and muscles 
on the dorsum of the sacrum, anastomosing with the gluteal. 

The inferior passes obliquely across the front of the Pyriformis muscle and 
sacral nerves to the inner side of the anterior sacral foramina, descends on the 
front of the sacrum, and anastomoses over the coccyx with the middle sacral and 
opposite lateral sacral artery. In its course it gives off branches, which enter 
the anterior sacral foramina; these, after supplying tlie contents of the sacral 
canal, escape by the posterior sacral foramina, and are distributed to the muscles 
aiid skin on the dorsal surface of the sacrum, anastomosing with the gluteal. 

The gluteal artery (a. glutaea superior) is the largest branch of the internal iliac, 
and appears to be the continuation of the posterior division of that vessel. It is a 
short, thick trunk, which runs backwards between the lumbo-sacral cord and the 
first sacral nerve, and, passing out of the pelvis above the upper border of the 
Pyriformis muscle, immediately divides into a superficial and a deep branch. Within 
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the pelvis it gives off a few muscular branches to the Iliacus, Pyriformis, and 
Obturator interims, and just previous to quitting that ca^'ity, a nutrient artery 
which enters the ilium. 

The superficial branch enters the deep surface of the Gluteus maximus, and 
divides into numerous branches, some of which supply the muscle, while others 
perforate its tendinous origin, and supply the integument covering the posterior 
surface of the sacrum, anastomosing with the posterior branches of the sacral 
arteries. 

The deep branch lies under the Gluteus medius and almost immediateh’’ sub¬ 
divides into two. Of these, the superior division, continuing the original course 
of the vessel, passes along the upper border of the Gluteus minimus to the anterior 
superior spine of the ilium, anastomosing with the circumflex iliac and ascendmg 
branches of the external circumflex artery. The inferior division crosses the 
Gluteus minimus obli(iuely to the trochanter major, distributing branches to the 
Gluteus muscles, and anastomoses with the external circumflex artery. Some 
branches pierce the Gluteus minimus to supply the liip-joint. 

Surface Marking. —Tlie three main branches of the internal iliac, the sciatic, internal 
pudic, and gluteal, may occasionally be the objects of surgical interference, and theii 
positions arc indicated on the surface in the following way. Witlx the limb slightly flexed 
and rotated inwards draw a lino from the postoi .'or superior iliac spine to the posterior 
superior angle of the groat trochanter; the point of emergence of the gluteal artery from 
the upper part of the great sacro-sciatic foramen will comispoiid with the junction of the 
upper with the middle third of this line. Draw a sexiond lino from the posterior superior 
iliac spine to the outer part of the tulicrosity of the ischium ; the junction of the lower 
with the middle third marks the point of omcrgence of the sciatic and pudic arterie.s from 
the great saci o-sciatic foramen. 

Applied Anatmny. —Any of these three vessels may require ligaturing for a wound or 
for aneurysm, wliich is generally traumatic. The gluteal artery is ligatured by turning 
the patient two-thirds over on to his face and making an incision from the posterior 
superior spine of the ilium to the upper and posterior angle of the great trochanter. This 
must expose the Gluteus maximus muscle, and its fibres are to be separated through the 
whole thickness of the muscle and pulled apart with retractors. The contiguous margins 
of the Gluteus medius and Pyriformis are now to bo separated from each other,^ and the 
artery will bo exposed emerging from the sciatic notch. In ligature of the sciatic artery, 
the incision should be made parallel with that for ligature of the gluteal but an inch and 
a half lower down. After the fibres of the Gluteus maximus have been separated, the vessel 
is to bo sought for at the lower border of the Pyiiformis ; the great sciatic nerve, which 
lies just above it, forms the chief guide to the artery. 

External Iliac Artery (fig, 608) 

The external iliac artery (a. iliaca oxtema) is larger Ilian the int<irnal 
iliac, and passes obliquely downwards and outwards along the inner border 
of the Psoas muscle, fi-om the bifurcation of the common iliac to a point beneath 
Poupart’s ligament, midway hetwoen the anterior superior spine of the ilium and 
the symphysis pubis, where it enters the thigh and becomes the femoral artery. 

Relations. — In front, the artery is in relation w’th the peritoneum, subperitoneal 
areolar tissue, the termination of the ileum on the right side, and the ilio-pelvic 
colon on the left,* and a thin layer of fascia, derived from the iliac fascia, which 
surrounds the artery and vein. At its origin it is crossed by the ovarian vessels 
in the female, and occasionally by the ureter. The spermatic vessels lie for some 
distance upon it near its termination, and it is crossed in this situation by the genital 
branch of the genito-crural nerve and the deep circumflex iliac vein; the vas 
deferens in the male, and the round ligament in the female, curve dovm along its 
inner side. Behind, it is in relation with the inner border of the Psoas muscle, 
from which it is separated by the iliac fascia. At the upper part of its course, 
the external iliac vein lies partly behind it, but lower down lies entirely to its inner 
side. Externally, it rests against the Psoas magnus, from which it is separated by 
the iliac fascia. Numerous lymphatic vessels and glands lie on the front and on 
the inner side of the vessel. 

Surface Marking. —^The surface line indicating the course of the external iliac artery 
has been already given (see page 697). 

Applied Anatomy. —The application of a ligature to the external iliac may be required 
in cases of anemrysm of the femoral artery, ilio-femoral aneurysm, or for a wound of the 
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artery. The ve^Hel may bo secured in any part of its course, excepting near its upper 
end, which is to be avoided on account of the proximity of the internal iliac, and near 
its lower end, which should also be avoided on account of the proximity of the deep 
epigastric and circumflex iliac vessels. The operation may bo performed by opening the 
abdomen and incising the peritoneum over the artery {transperitoneal); or by an 
incision in the iliac region, dividing all the structures down to the peritoneum, which 
is then reflected inwards unopened from the iliac fossa until the artery is reached 
{retroperitoneal). 

Transperitoneal ligature .—An incision four inches in length is made in the semilunar 
line, commencing about an inch below the umbilicus, and carried through the abdominal 
wall into the peritoneal cavity. The intestines are then pushed upwards and held out of 
the way by a broad abdominal retractor, and an incision made through the peritoneum 
at the margin of the pelvis in the course of tlie artery: the vessel is secured in any part of 
its course which may seem desirable to the operator. The advantages of this operation 
appear to be, that if it is found necessary the common iliac artery can be ligatured instead 
of the external iliac without extension or modification of the incision ; and secondly, that 
the vessel can be ligatured without in any way interfering with the sac of an aneurysm. 

The retroperitoneal ligature, may be perfornud either by the modified Abemethy’s 
method, which consists in making an incision from an inch above and internal to the 
anterior superior spine of the ilium in a curved direction, with its convexity outwards and 
downwards to a point an inch and a half above the middle of Poupart’s ligament; or 
by Astley Coojior’s method, in which an incision is made in a curved direction from a 
little above and outside the external abdominal ring to an inch from the inner side of 
the anterior superior spinous process of the ilium. In both, the abdominal musdes and 
transversalis fascia having been cautiously divided, the jicritonoum should bo separated 
from the iliac fossa and raised towards the pelvis ; and on introducing the finger to the 
bottom of the wound, the artery may bo felt pulsating along the inner border of the Psoas 
muscle. 'J’ho external iliac vein is generally found on the inner side of the artery, and 
must bo cautiously separated from it by the finger-nail, or handle of the knife, and the 
aneurysm needle should be introduced on the inner side, l)ctween the artery and vein. 

Collateral Circulation .—The principal anastomoses in carrying on the collateral 
circulation, after the application of a ligature to the external iliac, arc: the ilio-luinbar 
with the circumflex iliac ; the gluteal with the external circumflex ; the obturator with 
the internal circumflex ; the sciatic with the superior perforating and circumflex branches 
of the profunda artery ; and the internal pudic with the external pudic. When the 
obturator arises from the epigastric, it is supplied with blood by^ branches, from cither the 
internal iliac, the bitcral sacral, or the internal jJudic. The epigastric receives its supply 
from the internal mammary and inferior intercostal arteries, and from the internal iliac 
by the anastomoses of its branches with the obturator.* 

Branches.--Besides sovoral smaJl branohtis to the Psoas magnus and the 
neighbouring lymphatic glands, the externa] iliac, gives off two branches of 
considerable size; 


Deep epigastric Deej) circumflex iliac. 

The deep epigastric artery (a. epigastrica inferior) arises from the external iliac, 
immediately above Poupart’s ligament. It curves forwards below the peritoneum, 
and then ascends obliquely along the inner margin of the internal abdominal ring, 
between the transversalis fascia and peritoneum; continuing its course upw'ards, 
it pierces the trajisversalis fjiscia, and, passing in front of the semilunar fold ot 
Douglas, ascends between the llcctus and tlie posterior lamella 'bf its aponeurotic 
sheath. It finally divides into numerous branches, which anastomose, above the 
umbilicus, with the superior epigastric branch of the internal mammary and with 
the lower intercostal arteries (fig. 693). As the deep epigastric artery passes 
obliquely upwards and inwards from its origin it lies along the lower and inner 
margin of the internal abdominal ring, and behind the commencement of the 
spermatic cord. This part of the vessel is crossed by the vas deferens in the male 
and the round ligament of the uterus in the female. 

The branches of the vessel are : the cremasteric (a. spermatica externa), which 
accompanies the spermatic cord, and supplies the Cremaster muscle and other 
coverings of the cord, ana.stomosing with the spermatic artery (in the female it is 
very small and accompanies the round ligament); a pubic branch, (ramus pubicus) 
wh:ch runs along Poupart’s ligament, and then descends behind the pubis to 
the inner side of the femoral ring, and anastomoses with offsets from the obturator 

* Sir Astley Cooper describes in vol. i. of the Guy's Jlotgpittl Iteports the dissection of a 
limb eighteen years after successful ligature of the external iliac artery. 
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artery; muscular branches, some of wliich arc distributed to the abdominal muscles 
and peritoneum, anastomosing with the lumbar and circumflex iliac arteries; 
branches which perforate the tendon of the External oblique, and supply the 
integument, anastomosing with branches of the superficial epigastric. 

Peculiarities .—The origin of the deep epigastric may take place from any part of the 
external iliac between Poupart’s ligament and a point two inches and a half above it; or 
it may arise below this ligament, from the femoral, ft frequently arises from the external 
iliac, by a c‘ommon trunk with the obturator. Sometimes it arises from the obturator, the 
latter vessel being furnished by the internal iliac, or it may bo formed of two branches, one 
derived fnun the external iliac, the other from the internal iliac. 

Applied Anatomy .—The deep ejugastrio artery follows a line drawn from the middle 
of Poupart’s ligament towards the umbilicus ; but shortly after this line crosses the linea 
semilunaris, the direction <'hanges, and the course of the vessed is upwards along the lino 
of junction of the inner with the middle thii'd of the ilectus abdominis. It has important 
surgical relation.!, and is one of the principal mcmis, through its anastomosis with the 
internal mammary, of establishing the collateral circulation after ligature, of cither the 
common or c.xtemal iliac arteries. It lies close to the internal abdominal ring, and is 
therefore internal to an oblique inguinal hernia, but erkninl to a diiect inguinal hernia, 
as these emerge from the abdomen. It fornw the outer boundary of Hcssclbach’s triangle, 
and is in close relationship with the siMjrmatic cord, which lies in fi’ont of it in the inguinal 
canal, separated only by the t ransversalis fas<' i. The vas deferens hooks round its 
outer side. 

The deep circumflex iliac artery (a. dreumflexa ilium profunda) arises from the 
outer side of the external iliac nearly opi osite the deep epigastric artery. It ascends 
obliquely outwards Indiind Poupart's ligament, contained in a fibrous sheath 
formed by the junction of the transversalis and iliac fascim, to the anterior supc'.rior 
spine of the ilium, vvhi're, it anjistomoses with the ascending branch of the external 
circumflex artery. It then pierces the transversalis fascia and passes along the 
inner surface of tin; crest of the ilium to about its middle, where it perforates the 
Tran.sversalis, and nuis bfickwards betiveen that muscle and the Internal obliqms, 
to anastomose with the. ilio-lumbar and gluteal arteries. Opposite the anterior 
superior spine of tlie ilium it gives oil a large bram-li, which ascends betw'eeii the 
Inteniiil obli<|ue and Transversalis muscles, supplying them, and anastomosing 
w'ith the lumbar and tipigastric arteries. 


ARTERIES OF THE LOWER EXTREMITY 

The artery whieb supplies the greater part of the lower extremity is the 
direct continuation of the external iliac. It (tontinu(« as a single trunk from 
Poupart's ligament to the low'cr border of the Popliteus muscle, w'here it 
divides into two branches, the anterior and posterior tibial. The upper part 
of the main trunk is named the. femoral, the lower part the popliteal. 

Femoual Artery (figs. 617, 618) 

The femorcCl artery (a. fcmoralis) commences immediately behind 
Poupart’s hgament, midway between the anterior superior spine of the ilium 
and tlie symphysis pubis, and passes down the front and inner side of the 
thigh. It terminates at the junction of the middle w'ith the low'cr third of 
the thigh where it passes through an opening in the Adductor magnus to 
become the popliteal artery. The vessel, at the upper part of the thigh, lies 
in front of the hip-joint, on a line wdth the innermost part of the head of the 
femur; in the lower part of its course it lies to the inner side of the shaft, 
and between these two parts, w'here it crosses the angle between the head and 
shaft, the vessel is some distance from the bone. The first inch and a half of 
the vessel is enclosed, together with the femoral vein, in a fibrous sheath— 
the femoral sheath. In the upper third of tlie thigh the femoral artery is 
contained in a triangular space, called Scarpa's triangle, and in the middle 
third of the thigh, in an aponeurotic canal, named Hunter's canal. 

The femoral sheath (fig. 614) is formed by a prolongation downwards, 
behind Poupart’s ligament, of the fasciae wdiich lino the abdomen, the fascia 
transversalis bemg continued down in front of tho femoral vessels and the 
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fascia trausscri^is behind them. The sheath assumes the form of a short 
funnel-shaped tube, the wide end of which is directed upwards, while the lower, 
narrow end fuses with the fascial investment of the vessels, about an moh 
and a half below the level of Poupart’s ligament. It is strengthened in front 
by a band termed the deep crural arch (p. 516). The outer wall of the sheath 
is vertical and is perforate by the genital branch of the genito-crural nerve ; 
the inner wall is directed obliquely downwards and outwards and is pierced 
by the internal saphenous vein and by some lymphatic vessels. The sheath 
is divided by two vertical partitions which stretch between its anterior and 
posterior walls. The outermost compartment contains the femoral artery and 
the middle the femoral vein, while the innermost and smallest compartment 
is named the crural canal, and contains some lymphatic vessels and a lymphatic 


Fic. 014.—Femoral sheath laid open to show its three compartmcnls. 



gland imlieddcd in a small amount of areolar tissue. The crural canal is 
conical and measures about half an inch in length. Its base, directed upwards 
and named the crural ring, is oval in form, its long diameter being directed 
transversely and measuring about half an inch. The crural ring (figs. 615,616) 
is bounded in front by Poupart’s ligament, behind by the Poctineus muscle 
covered by the pubic portion of the fascia lata, internally by tlie crescentic 
base of Gimbei-nat’s ligament, and externally by the fibrous septum on the 
inner side of the hmioral vein. The spermatic cord in the male and the round 
ligament of the uterus in the female lie immediately above the anterior margin 
of the ring, while the deep epigastric artery is close to its upper and outer angle. 
The crur^ ring is closed by a some wliat condensed portion of the extra-peritoneal 
fatty tissue, named the septum cr urale, the abdominal surface of which supports 
a small lymphatic gland and is covered by the parietal layer of the peritoneum. 
The septum crurale is pierced by numerous lymphatic vessels passing from the 
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deep inguinal to the external iliac glands, and the pari^al peritoneum 
immediately above it presents a slight depression named the 

Fio. 615.—Strncturra paasing behind Poupart’s ligament. 
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Scarpa’s triangle (fig. 617t corresponds to the depression seen immediately 
beloM"^ the fold of the groin. Its apex is directed downwards, and the sides 
are formed externally by the inner margin of tlie Sartorius, internally by 
the inner margin of the Adductor longus.'and above by Poupart’s ligament. 
The floor of the space is formed fiom without inwards by the Iliacus, 
Psoas, Pectineus, in some cases a small part of the Adductor brevis, and 
the Adductor longus ; and it is divided into two nearly equal parts by the 
femoral vessels, which extend from near the middle of its base to its apex : 
the artery giving off in this situation its cutaneous and profunda branches, 
the vein receiving the deep femoral and internal saphenous tributaries. On 
the outer side of the femoral artery is the anterior crural nerve dividing into 



its branches. Besides the vessels and nerves, this space contains some fat 
and lymphatics. » 

Hunter’s canal is an aiwncurotie tunnel in the middle third of the 
thigh, extcniling from the apex of Scarpa’s triangle to the femoral opening 
in the Adductor magnus mascle. It is bounded, in front and externally, by 
the Vastus internus ; behind, by the Adductorcs longus et magnus ; and 
covered in by a strong aponeurosis which extends from the Vastus internus, 
across the femoral vessels to the Adductorcs longus et magnus ; lying on 
the aponeurosis is the Sartorius muscle. It contains the femoral artery and 
vein, the internal or long saphenous nerve, and the nerve to the Vastus 
internus. 

Relations (fig. 617).—In Scarpa’s triangle the femoral artery is superficial. Jn 
frorU of it are the skin and superficial fascia, the superficial inguinal lymphatic 
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glands, the superficial circumflex iliac vein, the iliac portion of the fascia lata and 
the anterior part of the femoral sheath. The genital branch of the genito-crural 
nerve courses for a short distance within the outer compartment of the femoral 
sheath, and lies at first in front and then on the outer side of the artery. Near 
the apex of Scarpa’s triangle the internal cutaneous nerve crosses the artery 
from without inwards. 

I’m. 618.—^The femoral artery. 



Behind the artery are the posterior part of the femoral sheath, the pubic portion 
of the fascia lata, the inner part of the tendon of the Psoas, the Pectincus and the 
Adductor longus. The artery is separated from the capsule of the hip-joint by the 
tendon of the Psoas, from the Pectineus by the femoral vein, and profmida vessels, 
and from the Adductor longus by the femoral vein. The nerve to the Pectineus 
passes inwards behind the artery. On the outer side of the artery, but separated 
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from it by some fibres of tbe Psoas, is the anterior crural nerve. The femoral 
vein is on the inner side of the upper part of the artery, but is behind the vessel in 
the lower part of Scarpa’s triangle. 

In Hunter’s canal the femoral artery is more deeply situated, being covered 
by the integument, the superficial and deep fascia', the Sartorius and the fibrous 
roof of the canal; it is crossed from without inwards by the long saphenous nerve. 
Behind the artery arc the Adductores longus et inagnus ; in front and to its outer 
side is the Vastus intemus. The femoral vein lies l)ehind the upper part, and on 
the outer side of the lower part of the artery. 

That portion of the femoral artery which extends from Poupart’s ligament 
to the origin of the profunda is sometimes named the common femoral. 

Peetdiarities .—Several cases are recorded in whicli the femoral artery divided into two 
trunks below the origin of the profunda, and became reunited near the opening in the 
Adductor inagnus, so as to form a single popliteal artery. One occurred in a patient who 
was operated upon for popliteal nneurysm. .4 few cases have been recorded in which the 
femoral artery wa-s absent, its jilaco being supplied by the sciatic artery which accompanied 
the great sciatic nerve to tlu! po[)JiteaI space. 'Ihe external iliac in these cases was small, 
and terminated in the profunda. 'J'he femoral vein is occasionally placed along the inner 
aide of the artciy, throughout the entire extent of Scarpa’s triangle : or it maybe split so 
that a large vein is jilacod on either side of tbe artery for a greater or lesser distance. 

Surface Markimj .—llie upper two-thirds of a line drawn from a point midw'ay between 
the anterior suiierior spine of the ilium and the symphysis pubis t.o the adductor tubercle 
on the inner condyle of the femur, with the thigh abducted and rotated outwards, will 
indicate the course of tbe femoral artery. 

Applied Anatomy. — Compn-.'ision of the femoral arter}', which is constantly refjuisite 
in amput.ations and other operations on the lo\v<!r limb, and also for the cure of popliteal 
aneurysm, is most elTcctually made immediately below i’onpart’s ligament. In this 
situation the artery is vciy snperlieial, and is merely separated from the ascenduig ramus 
of the pubis by the Psoas muscle ; so that the surgeon, by means of his thumb or a, 
compressor, may ellectually control the circulation tlirough it. Iho vessel may also bo 
controlled in the middle third of the thigh by placing a pad over the artery, beneath the 
tourniquet, and directing the pressure from within outwards, so as to press the vessel 
against the inner side of the shaft of ihe femur. 

I'hc supcrticial jfosition of the femoral .‘u-tery in Scarpa’s triangle renders it particularly 
liable to l)c injured in w'ounds. stabs, or gunshot injuries in the groin. On account of the 
close relationship betw'een the artery and vein, the latter vessel is also liable to bo wounded 
in these injuries. In such eases, the artery being compressed its it crosses the ramus of the 
pubis, the skin vound should be enlarged and the wound in the vessel sought for, and a 
ligature applied above and below the bleeding point. 

The application of a hi/ature to the femoral artery may be n'quired in cases of wound 
or aneurysm of tbe poi)liteal or femoral, or arteries of the leg ; and the vessel may l)o 
exposed and tie<l in any part of its course. The great depth of this vessel at its lower 
part, its close connection with important structures, and the density of its sheath, render 
the operation in this situation one of greater difficulty than the application of a ligature at 
its upper part, where it is more snperlieial. 

Ligature of tlie common femoral artery is not regarded with much favour, on account 
of the near connection of large branches with it. viz. the deep epigastric and the deep 
circumflex iliac arising just above roui)art’s ligament; on account of the number of small 
branches wiiich arise from it, in its short course, and on account of the uncertainty of 
the origin of the jirofunda femoris, which, if it arise high up, would be too close to the 
ligature for the formation of a firm coagnlum. It woidd apjjcar, therdlore, that the most 
favourable situation for the application of a ligature to the femoral is at the apc'x of 
Scaipa’s triangle. In order to reach the artery in this situation, an incision three inches 
long should be made in the course of the ves.sel. the patient lying in tlie recumbent 
position, with the limb slightly flexed and aMucted, and rotated outwai-ds. A large vein 
is frequently met with, passing in the course of the artery to join the internal saphenous 
vein : this must be avoided, and the fascia lata having been cautiously divided, and the 
Sartorius dis]>layed, that muscle must bo drawn outwards, in order to expose fully the 
sheath of the vessels. ’I’ho linger having boon introduced into the w'ound, and the pulsa¬ 
tion of the artery hilt, the sheath is opened on the outer side of the vessel to a sufficient 
extent to allow of the introduction of the aneurysm needle. In this part of the operation 
the long saphenous nerve and the nerve to the Vastus intornus, which are in close relation 
with tlie sheath, should be avoided. The aneurysm needle must be carefully introduced 
and kept close to the artery, to avoid the femoral vein, which lies behind the vessel in this 
part of its course, and is very closely bound up with it. 

To oxjiose the artery in Hunter’s canal, an incision between three and four inches 
in length should be made through the integument, a finger’s breadth internal to the lino 
of the artery, the centre of the incision being in the middle of the thigh—i.e. midway 
between the groin and tbe knee. The fascia lata having been divided, and the outer 
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border of the Sartorins exposed, this muscle should bo drawn inwards, when the strong 
fascia whicli is stretched across from the Adductors to the Viistus internus will be observed, 
and must be freely divided ; the sheath of the vessels is now seen, and must be opened, 
and tlie artery secured by passing the aneurysm needle between it and the vein, in the 
direction from without inwards. In this situation the femoral vein lies on the outer side, 
and the long saphenous nerve in front of the artery. 

It has been seen that the femoral artery occasionally divides into two trunks below the 
origin of the profunda. If. in the operation for tying the femoral, two vessels be met 
with, the surgeon should alternately compress each, in order to ascertain which is con¬ 
nect^ with the aneurysmal tumour, or with the blt?eding from the wound, and that one 
only should bo tied which is the source of the pulsation or haimorrhagc. If, however, it 
be necessary to compress both vessels before the circulation is controlled, both should be 
tied, as it is probable that they become reunited, as in the instances referrcHi to above. 

OoUaleral Circxdation .—After ligature of the femoral artery, the main channels for 
carrying on the circulation arc the anastomoses between—(1) the gluteal and sciatic 
branches of the internal iliac with the internal and external circumflex and superior 
perforating branches of the profunda femoris; (2) the obturator branch of the internal 
iliac with the internal circumflex (»f the juofunda; (3) the internal pudic of the internal 
iliac with the superlicial and deep external pudic of the femoral ; (4) the deep 
circumflex iliac of the external iliac with the cxtei ual circumflex of the profunda and the 
superlicial circumflex iliiwi of the femoral : and (5) the sciatic and comes nervi ischiadic! 
of the internal iliac with th<! jwrforating branches (•' the profunda. 


Branches. —The braiudics of llie fcuiioi'al artery are : 

Superficial ejngastric. Muscular. 

Sujicrficial circumflex iliac. (External circumflex. 

Superficial external juidie. Profunda Internal circumflex. 

Deep external pudic. (Three perforating. 

Anastomotica magua. 

The superficial epigastric (a. epigastriea superticialis) arises from the front of 
tlic hunoral artery about half an inch below Poupart's ligament, and, passing through 
the femoral sheath and the cribriform fascia, turns upwards in front of Poupart’s 
ligament, and ascends between tlu! two layers of the supci’licial fascia of the abdomi¬ 
nal wall nearly as far as the umbilicus. It distriliutes branches to the superficial 
inguinal glands, the superficial fascia, and the integument; it anastomoses with 
brunches of the deep epigastric, and ivith its fellow of the opposite side. 

The superficial circumfiex iliac (a. eircuniflexa ilium supeificialis), the smallest 
of the cutaneous branches, arises close to the preceding, and, piercing tlio fascia lata, 
runs outwards, parallel rvith Poujiart’s ligament, as far as the crest of the ilium ; 
it divides into Injinchos ivhich supply the integument of the groin, the superficial 
fascia, and the superficial inguinal lymfihatic glands, anastomosing with the d<*ep 
circumflex iliac, and w'ith the gluteal and external circumflex arteries. 

The superficial external pudic (a. pudenda externa superficialis) arises from the 
inner side of tlie femoral artery, close to the, jireccding vessels, and, after piercing 
the femoral sheath and cribriform fascia, courses inwards, across the spermatic 
cord (or round ligament in the female), to bi‘. distributed to the integument on the 
lower part, of the abdomen, the penis and scrotum in the male, and the labium 
majus in the female* anastomosing with branches of the internal pudic. 

The deep external pudic (a. pudenda externa profunda), more deeply seated 
than the preceding, passes inwards across the Pcctineus and Adductor longus 
muscles.; it is covered by the fascia lata, which it pierces at the inner border of 
the thigh, and is distributed, in the male to the integument of the scrotum and 
periuscum, in tlie female to the labium majus ; its branches anastomose with those 
of the superficial perineal artery. 

MuBcnlar branches are supplied by the femoral artery to the Sartorius, Vastus 
iuternus, and Adductors. 

The profunda (a. profunda femoris) (fig. 620) is a large vessel arising 
from the outer and back part of the femoral artery, from one to two inches 
below Poupart’s ligament. At first it lies on the outer side of the femoral 
artery; it then runs behind it and the femoral vein to the inner side of the 
femur, and, passing dowmwards behind the Adductor longus, terminates at the 
lower third of the thigh in a small branch, which })ierccs the Adductor magiius, 
and is distributed on the back of the thigh to the Plexor muscles. The 
terminal part of the profunda is sometimes named the fourth fer/orating artery. 
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Relations— it lies from above downwards upon the Iliacus, Pectineus, 
Adductor brevis, and Adductor magnus. In front, it is separated from the femoral 
artery by the femoral and profunda veins above, and by the Adductor longus below. 
On its miter side, the origin of the Vastus intennis intervenes between it and the 
femur. 

Pecvliaritie/i .—This vessel sometimes arises from the inner side, and, more rarely, from 
the back of the femoral artery ; but a more important peculiarity, from a surgical 
])oint of view, is that relating to the height at which the vessel arises. In three-fourths 
of a largo number of cases it arose between one and two inches below Poupart’s ligament; 
in a few cases the distance was less than an inch; more rarely, op]»ositc the ligament; 
and in one case above Poupart’s ligament, from the external iliac. Occasionally the 
distance between the origin of the vessel and Poupart’s ligament exceeds two inches. 

The profunda gives off tlic following bramshes : 

External circumflex. Internal circumflex. Three perforating. 

Muscular. 

'I’he external circumflex (a. circumflexa hunoris lateralis) supplies the rmisclcs 
on the front of the thigh. It arises fj’om the outer side of the jirofunda, passes 
horizontally outwards, between the divisions of the anterior crural nerve, and 
behind the Sartorius and Kec.tus feinoris, and divides into ascending, transverse, 
and descending branches. 

The ascendmj hraneh (ramus iisccmdcns) passes upwards, b(m(^ath the I’ensftr 
fuscim femoris muscle, to the outer side; of the hip, and anastomoses w'ith tlic 
terminal branehes of tlic gluteal and deep circumflex iliac artcuies. 

The d^'seending hranch (ramus desccndeiis) runs dow'uwards, behind the Rectus, 
upon the Vastus externus to w'hich it gives offsets ; one long branch descends 
in the muscle as far as the knee, and anastomoses with the superior external 
articular branch of the pojilitcuil artery. It is accom])ajii«'d by the branch of Ihc 
anterior crural nerve to the Vastus externus. 

The transverse branch (ramus transversus), tlie smallest, passes outwards over 
the Crureus, pierces the Vastus externus, and w'imls round the femur, just below 
the great trochantcir, anastomosing at the baelv of the thigh with the internal 
circumflex, sciatic, and superior perforating arteries. 

The internal circumflex (a. circumflexa Icmoris medialis), smaller than the 
external, arisiis from the inner and postc'rior iispect of the profunda, and winds 
round the inner side of tin' femur, passing first hetweeu the Pectineus and Psoas 
muscles, a?)d theji betw(*eji the Obturator externus and Adductor brevis. At 
the- upper bolder of the Adductor brevis, it gives off two branches, one of which 
jiasses inwards to bo distributed to the Adductor muscles, the Gracilis, and 
Obturator externus, anastouio.siug with the obturator artery ; the otlicr descends 
bcneatli the Adductor brevis, to supply it and tin; Adductor magnus ; wiiilc the 
continuation of the vessel passes backwards and divides into an ascending and a 
transverse branch. The ascending hraneh (ramus profundus) runs obliquely 
upwards upon the tendon of the Obturator externus and in front of the Quadratus 
femoris tow'ards the digital fossa, where it anastomoses with twigs from the gluteal 
and sciatic arteries. The transverse branch (ramus superficialis), larger than the 
ascending, appears between the Quadratus femoris and ujiper border of the Adductor 
magnus, ana-stomosing with the sciatic, external circumflex, and superior per- 
fopiting arteries {erucial anastomosis). Opposite the hip-joint, the artery gives 
off an articular vessel, which enters the joint beneath the transverse ligament; 
and. after supplying the adipose tissue, passes along the round ligament to the head 
of the femur. 

I’he perforating arteries (fig. 013), usually three in number, arc so named 
because they perforate the tendon of the Adiuctor magnus muscle to reach the 
back of the thigh. They pa.s8 backw'ards close to the linea aspera of the femur 
under cover ot small tendinous arches in the muscle. The first is given off 
above the Adductor brevis, the second in front of that muscle, and the third 
immediately bel«)w it. 

The first ‘perforating artery (a. perforans prirna) passes backwards between the 
Pectineus and Adductor brevis (sometimes it perforates the latter); it then pierces 
the Adductor magnus closi; to the linea aspera. It gives branches to the Adductor 
brevis, Adductor magnus, Biceps, and Gluteus maximus muscles, and anastomoses 
with the sciatic, internal and external circumflex, and middle perforating arteries. 
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The second perforating artery (a. perforans secunda), larger than the first, pierces 
the tendons of the Adductor brevis and Adductor magnus muscles, and divides into 
ascending and descending branches, which supply the flexor muscles of the thigh, 
anastomosing with the first and tliird perforating. The second artery frequently 
arises in common with the first. The nutrient artery of the femur (a. nutricia 
femoris) is usually given off from this branch. 

The third perforating art,cry (a. perforans tertia) is given off below the Adductor 
brevis; it pierces the Adductor magnus, and divides into branches which supply 
the flexor muscles of the thigh; anastomosing above with the higher perforating 
arteries, and below with the terminal branches of the profunda and the muscuhu 
branches of the popliteal. Tlie nutrient artery of the femur may arise from this 

branch. . ■ ■ • i. i 

The termination of the profunda artery, already described, is sometimes termed 

i\\c fourth perforating arlern. r i i 

Numerous muscular branches arise from the profunda ; some of these end in tnc 
Adductor muscles, otliers pierce the Adductor magnus, give branches to the 
hamstrings, and anastomose with tin! internal circumfliix artery and with upper 

muscular liranckes of tlie popliteal. • • u t i 

The anastomotica magna (a,, genu supr<!ma) (fig. 618) arises from the femoral 
arterv just before it passes through the tendinou.-. opening in the Adductor magnus 
muscle, and immediately divides into a sujierfioial and a dec}) brancli. 

The superlicial bratudi (ramus saphenus) pierces the aponeurotic covering of 
Hunter’s canal, and accompanies the long saphenous nerve to the inner side of the 
knee. It passes between the 8artoriua and (Iracilis muscles, and, piercing the fascia 
lata, is distributed to the iutegunniut of the upper and inner part of the leg, 
anastomosing with the inferior internal articular artery. 

'I’he deep branch (ramus miisculoarticularis) descends in the substance of the 
Vastus int(!rnus, lying in front of the tendon of the Adductor magnus, to the inner 
side of th(! knet*, where it anastomosc's with the superior internal articular artery 
and anterior recurrent branch of tin! anterior tibial. A branch from this A^essel 
crosses outw.ards above! the articular surlace of th(! feaniir. forming an anastomotic 
arch with the superior external articular artery, and supplying branches to the 
knee-joint. 

The PorniTEAE Space (fig. 620) 

Boundaries.- —The popliteal space, or ham, is a lozenge-shaped space, 
at the back part (»f tlie knee-joint. Above, it is bounded externally by the 
Ric(!ps and internally by tbc Semiteiulinosus and Kcniimembranosus ; below, 
it is limited by the outer head of the (lastromicinius and the Plantaris 
externally and by the inner head of the (lastroencmius internally, fl’he floor 
is formed by the lower part of the posterior siii'fiice of the shaft of the femur, 
the postc'rior ligament of the knee-joint, tlie upper end of the tibia, and tlic 
fascia eovcriiig the Popliieus muscle ; the space is coviTcd in by the fascia 
lata. 

Contents. —^The popliteal spa (!0 contains the popliteal vessels and nerves, 
together with the termination of tlie extmiial saphenous vein, the lower part 
of the small seiatiC nerve, the articular branch from the obturator nerve, a 
few small lymphatic glands, and a considerable quantity of loose adipose 
tissue. The internal popliteal nerve descends in the middle line of the 
space, lying under th(! deep fascia and crossing the vesstils from without 
inwards. The external popliteal nerve descends on the outer side of the 
upper part of the space, close to the tendon of the Biceps muscle. At the 
bottom of the space are the poiiliteal vessels, the vein being superficial to 
the artery and united to it by dense areolar tissue ; the vein is a thiek-wallod 
vessel, and lies at first to the outer side of the artery, and then crosses it to 
gain the inner side below'; sometimes it is double, the artery lying between 
two venae comites, w’hich are usually connected by short transverse branches. 
The articular branch from the obturator nerve descends upon the artery to 
supply the knee. The popliteal lymphatic glands, four or five in number, 
surround the artery: one usually lies superficial to the vessel; another is 
situated betw'een it and the bone ; and the rest are placed on eitlier side 
of it. Arising from the artery, and passing off from it at right angles, are its 
articular branches. 
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POPriTBAL Abtekv (figs. 619, 620) 

The popliteal artery (a. poplitea) is the continuation of the femoral, 
and courses through the popliteal space. It extends from the opening in the 
Adductor magnus, at the junction of the middle and lower thirds of the thigh, 
downwards and outwards to the intercondyloid notcli of the femur, and then 

Fro. 019.—Side view of the jiojditeal artery. 

(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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vertically downwards to the lower border of the Popliteus muscle, where it 
divides into anterior and posterior tibial arteries. 

Belations.—In front from above downwards are the popliteal surface of the 
femur (which is separated from the artery by some fat), the posterior ligament of 
the knee joint, and the fascia covering the Popliteus. Behind, it is overlapped 
abov(5 by the yeraimembranosns, and below it is covered by the Gastrocnemius and 
Plantaris. In the middle part of its course the artery is separated from the integu¬ 
ment and fascia? by a quantity of fat, and is crossed from without inwards by the 
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internal popliteal nerve and the popliteal vein, the vein being between the nerve 
and the artery and closely adherent to the latter. On its outer side, above, are the 
Biceps, the internal popliteal nerve, the popliteal vein, and the external condyle of 
the femur; belowj the Plantaris and the outer head of the Gastrocnemius. On its 
inner side, above, ixre the Semimembranosus and the internal condyle of the femur ; 
below, the internal popliteal nerve, the popliteal vein, and the inner head of the 
Gastrocnemius. As already stated, the popliteal lymphatic glands, four or five in 
number, are grouped around the artery. 

PeculiariticH in point of division. —Occasionally the popliteal artery divides into its 
terminal branches opposite the knee-joint. 'Phe anterior tibial under these circumstances 
usually passes in front of the Poplitcus muscle. 

Unusual branches. —The artery sometimes divides into the anterior tibial and poroncal, 
the posterior tibial being wanting, or very small. Occasionally it divides into three 
branches, the anterior and posterior tibial, and peroneal. 

Surface Markinj. —^'I’he course of the upper part of the popliteal artery is indicated by 
a line drawn from the outer border of the Semimembranosus muscle at the junction of 
the middle and lower thirds of the thigh—that is to say, from a point a little internal to 
the upper angle of the popliteal space—obli(piely d twnwards to the middle of the popliteal 
space exactly behind the knee-joint. From this point it passes vertically downwards to 
the level of a line dranm through the lower part of t!'e tubercle of the tibia. 

Applied Anatomy. — The popliteal artery is not infrequently the seat of injury. It 
may bo torn by direct violence, as by the passage of a cart-wheel over the knee, or by 
hypt'r-extension of the knee. It may also he lacerated by fracture of the lower part of the 
shaft of the femur, or by antoro-posterior dislocation of the knee-joint. It has been torn 
in breaking down adhesions in cases of iibrous ankylosis of tho knee, and is in danger of 
being wounded, and in fact has been wounded, in performing Jllacewcn’s operation of 
osteotomy of the lower ond of the femur for genu valgum. The popliteal artery is more 
frequently the scat of aneui’ysm than any other artery in the body, with the exception of 
the thoracic aorta. No do\ii>t this is due in a great measure to the amoiint of movement 
to whuh it is subjected, and to the fact that it is supported by loose and lax tissue only, 
and not by muscles as is the case with most arteries. When the knee is acutely flexed tho 
popliteal artery becomes bent on itself to such an extent as to entirely arrest the circulation 
through it. 

Ligature of the popliteal artery is required in cases of wound of the vessel, but for 
aneurysm it is prtjferablo to tie the femoral. Tho popliteal may be tied in the upper 
or lower p.irt of its course ; but in the middle of the ham the operation is attonderl with 
I'onsiderablo difficulty, from the groat depth of the artery, and from the extreme degree 
of tension of the lateral boundaries of tho space. 

In order to expose tho upper part of the vessel, the patient shonhl be placed in 
the supine position, with tho knee flexed and the thigh abducted and rotated outwards, 
so that it rests on its outer surface ; an incision three inches in length, beginning at 
the junction of tho middle and lower thirds of the thigh, is to be made parallel to and 
immediately behind the tendon of the Adductor magnus, and tho skin, superficial and 
deep fasoiie divided. Tho tendon of the muscle is thus exposed, and is to be drawn forwards, 
and the hamstring tendons backwards. A quantity of fatty tissue will now bo opened 
up, in which the artcjry will be felt pulsating. This is to bo separated with the point of a 
director until the artery is exposed. The vein and nerve will not Iks seen, as they lie to 
the outer side of the artery. The sheath is to be opened and the aneurysm needle pu.ssed 
from before backwards, keeping its point close to the artery for fear of injuring tho vein. 
The only structure to,avoid in the su[)erfioial incision is the long saphenous vein. 

To expose the vessel in tho lower part of its course, where tho artery lies between the 
turn heads of the Gastroenemius, the patient should be placed in the prone position with 
the limb extended. An incision should then be mode through the integument in the 
middle line, commencing opposite the bend of tho knee-joint, care being taken to avoid 
the external saphenous vein and nerve. .4fter dividing the deep fascia, and seiiarating 
some dense cellular tissue, tho artery, vein, and nerve will be exposed, between the 
two heads of tho Gastrocnemius. Some muscular branches of the popliteal should be 
avoided if possible, or, if divided, tied immediately. Tho leg being now flexed, in order 
the more effectually to separate the two heads of tho Gastrocnemius, the nerve should 
be drawn inwards and the vein outwards, and tho aneurysm needle passed between the 
artery and vein from without inwards. 


Branches. —^The branches of the popliteal artery are : 


sural. 

Cutaneous. 

' Superior internal articular. 


Superior external articular. 
Azygos articular. 

Inferior internal articular. 
Inferior external articular. 



ItUemal calcanea 
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The superior musoular branches, two or three in number, arise from the upper 
part of the artery, and are distributed to the lower parts of the Adductor magnus 
T-. /.Art r.,. hamstring muscles, anastomosing with 

^ profunda. 

The inferior muscular or sural (aa. 
surales) are two large branches, which are 
distributed to the Gastrocnemius, Soleus, 
and Plantaris. They arise from the popli¬ 
teal artery opposite the knee-joint. 

The cutaneous branches arise either 
from the i)opliteal artery or from some of 
its branches ; they descend between the 
two heads of the Gastrocnemius muscle, 
and, piercing the deep fascia, are distri¬ 
buted to the integument of the calf. One 
branch usually accompanies the short, or 
external, saphenous vein. 

The superior articular arteries, two in 
number, arise one on cither side of the 
jf'siif popliteal, and wind round the femur im¬ 

mediately above its condyles to the front 
of th<i knee-joint. The swperior internal 
articular (a. genu superior medialis) runs 
inwards beneath the inner hamstring 
muscles, to which it supplies branches, 
above tlic inner head of the Gastrocnemius, 
and passes beneath the tendon of tlie 
Adductor magiius. It divides into two 
branches, one of which supplies the Vastus 
interims, anastomosing with the anasto- 
motica magna and inferior internal articular: 
the other ramifies close to the surface of 
femur, supplying it and the knee-joint, 
and anastomosing with the, superior external 
Sm articular artery. The superior internal 

” articular artery is frequently of small size, 

a condition which is associated with an in- 
crease in the size of the anastomotica magna. 
The superior external articular (a. ge-nu 
sujierior lateralis) passes above the outer 
condyle, beneath the tendon of the Biceps, 
and divides into a superficial and a 
deep branch ; the superficial branch supplies 
the Vastus externus, and anastomoses 
with the descending branch of the exter¬ 
nal circumflex and the inferior external 
articular arteries ; the deep branch supplies 
the lower part of the femur and knee- 
joint, and forms an anastomotic arch across 
the front of the bone with the anasto- 
motica magna and the inferior internal 
articular arteries. 

The azygos articular (a. genu media) 
is a small branch, arising opposite the 
bend of the knee-joint. It pierces the 
posterior ligament, and supplies the liga¬ 
ments and synovial membrane in the 
interior of the articulation. 

_ The inferior artioukr arteries, two in 

number, arise from the popliteal beneath 
the Gastrocnemius. The inferior internal articular, (a. genu inferior medialis) first 
descends along the upper margin of the Popliteus muscle, to which it gives branches ; 


Antrrior 
’ jtrronral 



POPLITEAL ARTERY 


719 


it then passes below the inner tuberosity of the tibia, beneath the internal lateral 
ligament, at the anterior border of which it ascends to the front and inner side of the 
joint, to supply the head of the tibia and the articulation of the knee, anastomosing^ 
with the inferior external articular and superior internal articular arteries. The * 
inferior external articular (a. genu inferior lateralis) runs outwards above the 
head of the hbula to the front of the kne,c-joint, passing in its course beneath the 
outer head of the Gastrocnemius, the external lateral ligament, and the tendon 
of the Biceps muscle. It tenninates by dividing into branches, which anastomose 
with the inferior internal articular artery, the superior external articular artery, 
and the .anterior recurrent branch of the anterior tibial. 

Circumpatellar anastomosis (fig. 621).—Around and above the patella, and on 
, the contiguous ends of the femur and tibia, is a large network of vessels forming 


Fra. 62].—Circumpatellar anastomosis. 


Drxcendiiig hnuirh oj 
fj-trniiil rtirnmjicx 


Hnpfrioy i‘.rli‘riiiil iirliciiltu 


Inferior ejclvnitil arlicitlar. 

Superior fihular 
Anterior recurrent tihiiil 

Anterior tihiul 



Anaelomoticn mngna 


Deep branch of amislomotica 
inagnn 

Superficial hrnnch of 
iiutmtotnotira inuguii 

Superior internal articular 


Inferior internal articular 


a superficial and a deep plexus. The swperjidal -plexus is situated between the fascia 
and skin round about the patella, and forms three well-defined arches : one, above 
the upper border of the patella, in the loose connective tissue over the Quadriceps 
extensor muscle ; the other two, below the level of the patella, arc situated in the 
fat behind the ligamentum patellm. The deep plexus, which forms a close network of 
vessels, lies on the lower end of the femur and upper end of the tibia around their 
articular surfaces, and sends numerous offsets into the interior of the joint. The 
arteries from which this plexus is formed are the two internal and the two 
external articular branches of the popliteal: the anastomotica magna; the 
descending branch of the external circumflex; and the anterior recurrent branch 
of the anterior tibial. 


. Anterior Tibial Artery (fig. 622) 

The anterior tibial artery (a. tibialis anterior) commences at the bifur¬ 
cation of the popliteal, at the lower border of the Popliteus muscle, passes 
forwards between the two heads of the Tibialis posticus, and through the 
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large oval aperture above the upper border of the interosseous membrane, 
to the deep part of the front of the leg; it here lies close to the inner side 
of the neck of the fibula. It then descends on the anterior surface of the 



interosseous membrane, gradually- 
approaching the tibia; and, at the 
lower part of the leg, lies on this bone, 
and then on the anterior ligament of 
the ankle-joint to the bend of the 
ankle, wliere it is more superficial, and 
becomes tlie dormlis pedis. 

Belations.—In the upper two-thirds 
of its extent, the anterior tibial artery, 
rests upon the interosseous membrane, to 
which it is connected by delicate fibrous 
arches thrown across it; in the-lower 
third, upon the. front of the tibia, and the 
anterior ligament of the ankle-joint. In 
the upper third of its course, it lies between 
the Tibialis anticus and Extensor longus 
digitorum; in the middle third between 
the Tibialis anticus and Extensor proprius 
hallucis. At the bend of the ankle, it 
is crossed from without inwards by the 
tendon of the Extensor proprius hallucis, 
and lies between it and the iimermost 
tendon of the Extensor longus digitorum. 
It is covered, in the upper two-thirds of 
its course, by the muscles which lie on 
either side of it, and by the deep fascia ; 
ill the lower third, by the integument, 
anterior annular ligament, and fascia. 

The anterior tibial artery is accom¬ 
panied by two veins (vena) comites) which 
lie one on either side of the artery; the 
anterior tibial nerve, coursing round the 
outer side of the neck of the filiula, comes 
into relation with the outer side of the 
artery shortly after it has reached 
the front of the leg; about the middle 
of the leg it is placed superficial to it; at 
the lower part of the artery the nerve 
i.s generally again on the outer side. 

Peculiarities in size. — This vossel may 
bo diminished in size, may bo deficient to a 
greater or loss extent, or may be entirely 
wanting, its place being supplied by per¬ 
forating branches from the posterior tibial, 
or by the .anterior division of tho peroneal 
artery. 

Course .—The artery occasion ally deviates 
in its course towards the fibular side of the 
leg, regaining its usual position beneath the 
annular ligament at the front of the ankle. 
Tn two instances the vessel has been found to 
approach the surface in the middle of the 
leg, being covered merely by the integument 
and fascia below that point. 

Surface Marking .—Draw a lino from the 
inner side of the head of the fibula to a point 
midway between the two malleoli. This line 
from a point an inch and a quarter below 
the head of tho fibula will mark the course 
of the artery. 

Applied Anatomy .—The anterior tibial 
artery is liable to be injured in fractures of the 
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lower third of the tibia, on account of its close proximity to the bone. The application 
of a ligature to the vessel is rarely required, except in cases of woimd or for traumatic 
aneurysm. The operation in the upper third of the leg is attended with great difficulty 
on account of the depth of the vessel from the surface. An incision about four inches in ^ 
length is made in the line of the artery to about a hand’s breadth below the level of the’ 
knee-joint. The skin and superficial structures having been divided and the deep fascia 
exposed, the wound must be carefully dried, its edges retracted, and the white line 
separating the Tibialis anticus from the Extensor longue digitorum sought for. When 
this has been clearly defined, the deep fascia is to be divided in this line, and the Tibialis 
anticus separated from adjacent muscles with the handle of the scalpel or a director 
until the interosseous membrane is reached. The foot is to be flexed in order to relax 
the muscles, and upon drawing them apart the artery will be found lying on the 
interosseous membrane with the nerve on its outer side or on the top of it. The nerve 
should be drawn outwards, and the von« comites separated from the artery and the 
needle passed around it. 

To tie the vessel in the lower third of the leg above tlie ankle-joint, an incision about 
three inches in length should be mode through the integument between the tendons of 
the Tibialis anticus and Extensor proprius hallucis muscles, the deep fascia being divided 
to the same extent. The tendon on either side should be retracted, when the vessel, 
accompanied by the venie comites, will be seen lying upon the tibia, with the nerve on 
the outer side. 

Branches. —Tlie branches of the anterioj tibial artery are: 

Posterior recurrent tibial. Muscular. 

Superior fibular. Internal malleolar. 

Anterior recurrent tibial. External malleolar. 

The posterior recurrent tibial (a. recurreus tibialis posterior), an inconstant 
branch, is given off from the anterior tibial before that vessel passes through the 
interosseous space. It ascends in front of the Popliteus muscle, which it supplies, 
and anastomoses with the lower articular branches of the popliteal artery, giving 
an offset to the suwrior tihio-fihul.'ir joint. 

The superior fibular is sometimes derived from the anterior tibial, sometimes 
from the posterior tibia). It jjasscs outwards, round the neck of the fibula, through 
the Soleus, which it supplies, and ends in the substance of the Peroneus longus. 

The anterior recurrent tibial (a. reeurrens tibialis anterior) arises from the 
anterior tibial, as soon as that vessel has passed Ihj'ough the interosseous space ; it 
ascends in the Tibialis anticus muscli*., ramifies on tlie front and sides of the knee- 
joint, and assists in the formation of the cireuinpatellar plexus by anastomosing 
w'ith the articular branches of the popliteal, and with the an.astomotica magna. 

The muscular branches are numerous ; they are distributed to the muscles 
which lie on either side of the vessel, some ]>i<!rcing the deep fascia to supply the 
integument, others passing through the interosseous membrane, and anastomosing 
with branches of the posterior tibial and peroneal arteries. 

Tlie internal malleolar (a. mallcolaris anterior inedialis) arises about two inches 
above the articulation, and passes beneath the tendons of the Extensor proprius 
hallucis and Tibialis anticus, to the inner side of the ankle, upon which it ramifies, 
anastomosing with branches of the posterior tibial and internal plantar arteries 
and with the iuterujjl calcanean from the posterior tibial. 

The external malleolar (a. malleolaris anterior lateralis) passes beneath the 
tendons of the Extensor longus digitorum and Peroneus tertius, and supplies the 
outer side of the ankle, anastomosing with the anterior peroneal artery, and with 
ascending twigs from the tarsal branch of the dorsalis pedis, 

Doesalis Pedis Artery (fig. 622) 

The dorsaUs pedis artery (a. dorsalis pedis), the continuation of the 
anterior tibial, passes forwards from ithe bend of the ankle along the tibial side 
of the dorsum of the foot to the back part of the first intermetatarsal space, 
W'here it divides into two branches, the dorsalis futllucis and communicating. 

BelationB. —This vessel, in its course forwards, rests upon the anterior Uga- 
meiit of the ankle-joint, the astragalus, navicular, and middle cuneiform bones, 
and the ligaments connecting them, being covered by the integument, fascia and 
anterior annular ligament, and crossed near its termination by the innermost 
tendon of the Extensor brevis digitorum. On its tdnal side is the tendon of 
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the Extensor proprius hallucis; on its fihular side, the innermost tendon of the 
Extensor longus digitorum, and the termination of the anterior tibial nerve. It 
ia accompanied by two veins. 

Peculiarities in eizc. —^The dorsal artery of the foot may bo larger than usual, to 
compensate for a deficient plantar artery ; or its toriuinal branches to the toes may be 
absent, the toes then being supplied by the internal plantar ; or its place may be taken 
altogether by a large anterior peroneal artery. 

Position. —This artery frequently curves outwards, lying external to the line between 
the mid^o of the ankle and the back part of the first interosseous space. 

Surface Marking. —The dorsalis pedis artery is indicated on the surface of the dorsum 
of the foot by a lino drawn from the centre of the space between tlio two malleoli to the 
back of the first intermetatarsal space. 

Aqyplied Anatomy. —This artoiy' may bo tied, by making an incision two ine.hos in 
length, through the integument, on the fibular side of the tendon of the Extensor proprius 
hallucis, in the interval between it and the inner Isirder of tlie short Extensor muscle. 
The incision should not extend farther forwarils than the bock part of the first 
intermetatarsal space, as the artery divide.s in that situation. The deep fascia being 
divided to the same extent, the artery will be exposed, the nerve lying upon its outer 
side. 

Branches. —The branches of the dorsalis pedis are ; 

Tarsal. Dorsalis hallucis. 

Metatarsal—Interosseous. Communicating. 

The tarsal (a. tarse.a lateralis) arises from the dorsalis pedis, as tliat ves8<!l 
crosses the navicular bone j it passes in an arched direction outwards, lying upon 
the tarsal bones, and covered by the Extensor brevis digitorum ; it su 2 )plies this 
muscle and the iirticulations of tin*, tarsus, and anastomoses with brandies from the 
metatarsal, external malleolar, peroneal, and external jilantar arteries. 

The metatarsal (a. arcuata) arises a little anterior to the, preceding; it passes 
outwards, over the hascs of the metatarsal bones, ben<'ath th(‘ tendons of the. 
short Extensor, its direction being inflinnircd by its point of origin; and it; 
auastoTiioses w'ith the tarsal and external plantar artmie.s. Tins vessi*l gives off 
three dorsal interosseous arteries (aa. metatarsca' dorsales), wliich run forwards 
upon the outer three Dorsal interos.sei, and. in the chdts between the, toes, didde. 
into two dorsal collateiMl branches for the adjoining toes. At the back part of each 
interosseous space the.'fe ^(issels receive tlu! posterior perforating branches from 
the plantar arch ; and at the fim; part of each interosseous space they arc joined 
by the anterior pertoraliug branches, from the plantar digital arteries. The 
outermost interosseous artfo y gives olf a lira nt h which supplies the outer side of 
the little toe. 

The dorsalis hallucis, or first dorsal interosseous artery, runs forward along 
the, outer border of the. first metatarsal bone., and at the cleft between the first and 
second toes divides into two branches, one of which passes inwards, Viencatli the, 
tendon of the Extensor proprius hallucis, and is distributed to the inner border of 
the great toe ; the other bifurcates to supply the. adjoining .sides of the great and 
second toes. 

I'he communicating dips do^vn into the sole of the fooj;, between the two 
heads of the First dorsal interosseous muscle, and anastomoses with the termination 
of the external plantar arteiy, to complete the plantar arch. It here gives off 
its plantar digital branch, which is named the arteria magna hallucis. This artery 
passes forwards along the first interosseous sjiace, and, after sending a branch 
along the inner side of the great toe, bifurcates for the supply of the adjacent sides 
of the great and second toes. 

Posterior Tibiae 4btery (fig. 620) 

The posterior tibial artery (a. tibialis posterior) begins at the. Jow-er 
border of the Popliteus muscle, opposite the interval between the tibli And 
l^ula; it extends obliquely downwards, and, as it descends, it approaches 
the inner side of tlie leg, lying behind the tibia, and in the lower part of its 
course is situated midway betw'een the internal malleolus and the tuberosity 
of the os calcis. Here it divides beneath the origin of the Abductor hoUuciS 
into the internal and external flarUar arteries. 
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^lations.—The posterior tibial artery lies successively upon the Tibialis 
posticus, the Flexor longus digitorum, the tibia, and the back part of the ankle- 
joint. It is covered by the deep transverse fascia, which separates it above from 
the Gastrocnemius and Soleus muscles ; at its termination it is covered by the 
Abductor hallucis muscle. In the lower third of the leg, where it is more super¬ 
ficial, it is covered only by the integument and fascia, and runs parallel with the 
inner border of the tendu Achillis. It is accompanied by two veins, and by the 
posterior tibial nerve, which lies at first to the inner side of the artery, but soon 
crosses it, and is, in the greater part of its course, on its outer side. 

Behind the inner maUeolus, the tendons and blood-vessels are arranged, under 
cover of th(? internal annular ligament, in the followijig order from within 
outwards : first, the tendons of the Tibialis posticus and Flexor longus digitorum, 
lying in the same groove, behind the inner malleolus, the former being internal. 
External to these is the posterior tibial artery, having a vein on either side; and, 
still m*)rc, externally, the posterior tibial nerve. About half an inch nearer the 
heel is the tendon of the Flexor longus hallucis. 

Peruliarities in size .—The posterior tibial is not infrequently smaller than usual, or 
alwont, its place l)eing supplied by a largo peroneal artery, which passes inwards at the 
lower end of the tibia, and cathcr joins the small posterior tibial artery, or continues alone 
to the sole of the foot. 

Siir/are Marking .—The course of the posterior tibial artery is indicated by a lino 
drawn from a point an inch bclo-\A tho centre of tho popliteal space to midway between 
the tip of tho internal malleolus and tlie centre of tlie convexity of the hoel. 

Apjilied .Irutlom!/. —The application of a ligature to the iKmterior tibial maybe required 
in cases of voiind of the sole of the foot, atlc!ii(lc<l with great hicmorrhagc, when the vessel 
should be tiefl at the inner ankle. In cases of wound of tins jiosterior tibial, it will be 
ncctissnry to enlarge tins np(>ning so as to (s.\pos(s tho vessel at the wounded point, excepting 
where the vessel is injured by a punctured wound from tho front of the leg. In eases 
of anoury.sni from wound of the artery low dovvn, the vessel should Ikj tied in the middle 
of the leg. 

To tie tlie ])ostcrior tibial iirtery at the ankle, ,a semilunar incision, convex backwards, 
should be made through the integument, about two inclu's and a half in lengtii, midway 
b«»tween the heel and inner ankle, or a. little nearer the latter. The subcutaneous cellular 
tissue having liocn divided, a strong and dense fascia, the internal amiuiar ligament, is 
exposed. This ligament is eonliiiuoiis above with the deep fascia of the leg, covers tho 
vessels and nerves, and is intimately udln'i'cnt to the sheaths of the bMuloms. This 
having been cautiously di\ idi-d iqxiti a director, the slwath of the vessels is exposed, and, 
being o]K*ned. the artery is .s(‘en with on<‘ of tlie ven.v couiitcs on either .sidi‘. The aneurysm 
needle should bo passed round the vessel from the, heel towards the ankle, in order to 
avoid the posterior tibial nerve, care at tin* same time la'ing taken not to include the vena* 
eomites. 

'I'lie vi'ssel may also be tied in the lower tliird of tho leg by making an incision about 
three inches in length, parallel with the inner margin of the tendo Achillis. The internal 
saphenous vein being carefully avoideil, tho two layers of fascia must be divided upon a 
director, w’licn tho artery is exposed along the outer margin of the Flexor longus digitorum, 
with one of its venai comites on cither side, and tJio nerve lying external to it. 

Ligature of the posterior tibial in the middle of the leg is a very difficult operation, on 
account of the great depth of the vessel from tlic surface. The patient being placed in the 
recumlient position, tho injured limb should rest on its outer side, the knoo being partially 
bent, and the foot ojftended. so as to relax the muscles of the calf. An incision about 
four inches in length should then be made through the integument, a finger’s breadth 
behind the inner margin of the tibia, care being taken to avoid the. internal saphenous 
vein. Tho deep fascia having been divideil, the margin of tho Gastrocnemius is exposed, 
and must be drawn aside*, and the tibial attachment of the Soleus divided. The artery 
may now Iw felt pulsating beneath the di*op faseia. about an inch from the margin of the 
tibia. Tho fascia having been divided, and tho limb placed in such a position as to relax 
the muscles of tho calf as mu(*h as possible, tho veins should be separated from the artery 
and the aneurysm noodle passed round the vessel from without inwards, so as to avoid 
wounding the posterior tibial nerve. ^ 

Branches. —The branches of the posterior tibial artery are: 

Peroneal, Muscular. 

N utrient. Commumcating. 

Internal calcanean. 

The peroneal (a. peronsea) lies, deeply seated, along the back part of the 
fibolar side of the leg. it arises from the posterior' tibial, about an inch below 
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the lower border of the Popliteus muscle, passes obliquely outwards to the fibula, 
and then descends along the inner side of that bone, contained in a fibrous canal 
between the Tibialis posticus and the Flexor longus hallucis, or in the substance 
of the latter muscle. About two inches above the outer malleolus it divides 
into two terminal branches, the anterior and poMerior peroneal. 

Belations.—This vessel lies at first upon the Tibialis posticus, and then, for 
the greater part of its course, in a fibrous canal between the origins of the Flexor 
longus hallucis and Tibialis posticus, covered or surrounded by the fibres of the 
Flexor longus hallucis. It is covered, in the upper part of its course, by the 
Solcus and deep transverse fascia ; below, bj* the Flexor longus hallucis. 

Peculiarities in origin .—The peroneal artery may arise three inclios below the Popliteus, 
or from the posterior tibial high up, or oven from the popliteal. 

Its size is more frequently increased than diminished ; and then it either reinforces 
the posterior tibial by its junction with it, or altogether takes the place of the posterior 
tibial in the lower part of the log and foot, the latter vessel only existing ns a short muscular 
branch. In those rare cases where the peroneal artery is smaller than usual, a branch 
from the posterior tibial supplies its place ; and a branch from the anterior tibial 
compensates for the diminished anterior peroneal artery. In one case the peroneal artery 
was entirely wanting. 

The anterior jjeroneal is sometimes enlarged, and takes the place of the dorsal artery 
of the foot. 

The branches of the peroneal are : 

Muscular. Oommunicatijig. 

Nutrient. Posterior ])eroneal. 

Anterior peroneal. External calcanean. 

Muscular branches.—The peroneal artery, in its course, gives off branches to the Soleus, 
Tibialis posticus. Flexor longus hallucis, and Peronei muscles. 

The nutrient artery (a. nutritia fibula') supydies the lihula. 

The anterior peroneal (ramus perforans) j)ierccs the intcro.sscous membrane, about two 
inches above the outer malleolus, to reach the front of the leg, and, passing down beneath 
the Peroneus tertius to the outer side of the ankle, ramifies on the front and outer side 
of the tarsus, anastomosing w'ith the external malleolar and tarsal artiuies. 

The communicating (ramus communicans) is given off from tho peroneal about an inch 
from its lower end, and passes inwards to join the communicating branch of the posterior 
tibial. 

The jmsterior peroneal passes down Ijehind the inferior tihio-fibular articulation to tlie 
back of the external m.alleoln.s, to terminate in brandies which ramify on the outer surface 
and back of the os calc-is, and anastomose with the external malleolar and tarsal arteries. 

The erfernal calcanean (rami calcanei lateralcs) arc the terminal branches of tho 
posterior peroneal artery ; they pass to the outer side of the heel, and eommuniento with 
the external malleolar and. on the back of the heel, with the internal calcanean arteries. 

The nutrient (a. nutritia tibiic) of the tibia ari.ses from the posterior tiliiul, 
near its origin, and after supplying a few muscular branches enters the nutrient 
canal of that bone, which it traver.sc.s obliquely from above dowjiwards. This is 
the largest nutrient artery of bone in the body, , 

The muscular branches of the posterior tibial are distributed to the Soleus 
and deep muscles along the back of the leg. 

The communicating branch (ramus communicaus) runs transversely across 
the liack of the tibia, about two inches above its lower end, beneath the Flexor 
longus hallucis, to join a similar branch of the peroneal. 

The mtemal calcanean (rami calcanei mcdiales) are several large arteries 
which arise from the po.sterior tibial just before its division ; they are distributed 
to the fat and integument behind the tendo Achillis and about the heel, and to the 
mu.scles on the inmsr side of the sole, anastomosing with the peroneal and internal 
malleolar and, on the back of the heel, with the external calcanean arteries. 

The internal plantar (a. plantaris medialis) (figs. 623 and 624), much smaller 
than the external, passes forwards along the inner side of the foot. It is at first 
situated above the Abductor hallucis, and then Ixttwcen it and the Flexor brevis 
digitorum, both of which it supplies. At the base of the first metatarsal lame, 
where it is much diminished in size, it passes alojig the inner border of the great 
toe, anastomosmg with its digital branch. Small superficial digital branches 
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accompany the digital branches of the internal plantar nerve and join the plantar 
digital arteries of the three inner spaces. 

The external plantar (a. plantaris lateralis), much larger than the internal, 
passes obliquely outwards and forwards to the base of the fifth metatarsal 
bone. It then turns inwards to the interval between the bases of the first and 
second metatarsal bones, where it anastomoses with the communicating branch 
from the dorsalis pedis artery, thus completing the plantar arch. As this artery 
passes outwards, it is first placed between the os calcis and Abductor hallucis, 


Fig. 623.—The plantar arteries. 
Superficial view. 



Fig. 624.—The plantar arteries. 
Deep view. 
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an I th(>i) between tin* Flexor brevis digitoniin and Flexor accessorius ; as it 
passe,s forwards to the base of the little toe, it lies more superficially between 
tlu! Flexor brevis digitonmi and Abductor minimi digiti. covered by the deep 
fascia and integument. The remaining portion of the vessel is deeply situated ; 
it extends from the base of the, metatarsal bone of the little toe to the back part 
of the first interosseous space, and forms the plantar arch : it is convex forwards, 
lies below' the tarsal ends of the second, third, and fourth metatarsal bones and 
the corresponding Intero,sseous muscles, and upon the Adductor oblicpius hallucis. 

Surface Marking .—The course of the internal plantar artery is represented by a lino 
drawn from the mid-point iKitween the tij) of the internal malleolus and the centre of the 
convexity of the heel to the middle of the under surface of the great toe; the external 
plantar by a line from the same point to within a finger's breadth of the tuberosity of the 
fifth metatarsal bone. The ])lantar arch is indicated by a lino drawn from this point 
i.e. a finger’s breadth internal to the tuberosity of the fifth metatarsal bone, transversely 
across the foot to the back of the first interosseous space. 

Applied Anatomy .—Wounds of the plantar arch are always serious, on accoimt of the 
depth of the vessel and the important structures which must be interfered with in an 
attempt to ligature it. They must be treated on similar lines to those of w'ounds of the 
palmar arches (see page 682). Pressure locally, combined with elevation of the limb, may 
m some coses bo sufficient to arrest the blooding, but this failing an attempt should lie 
made to find the bleeding point and ligature it. Should this prove unsuccessful, it may 
Iw necessary to ligature fire superficial femoral, as ligature of the anterior and posterior 
tibi^ arteries may not be sufficient to control the htemorrhage, and it is safer and quicker 
to tie tlA femoral under the eireumstances. 
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Branchs.—The plantar arch, besides distributing numerous branches to the 
muscles, integument, and fasci© in the sole, gives off the following branches : 

Posterior perforating. Digital—Anterior perforating. 

The posterior perforating (rami ])erforantc8) are three small branches, which 
ascend through the back part of the outer three interosseous spaces, between the 
heads of the Dorsal interosseous muscles, and anastomose with the interosseous 
branches from the metatarsal arterv. 

The digital branches (aa. metatarso© })lantarc8) are four in number, and 
supply the outer three toes and half the second toe. The lirst arises from the 
outer side of the plantar arch, and is diistributed to the outer side of the little toe, 
passing in its course beneath the Abductor and Flexor brevis minimi digiti. The 
second, third, irnd/ourth run forw-ards along the intero.sseous spaces, and on arriving 
at the clefts betwt'cn the toes divide into colhitcral branches (aa. digitales plairtares), 
which supply the adjacent sides of the outer three toes and the outer side of the 
second. Near to its ])oint of bifurcation, each digital artery sends upw’ards, 
through the fore part of the corresponding interosseous space, a'small branch, the 
anterior 'perforating aiierif. which anastomoses with the corresponding interosseous 
branch of tlie metatarsal arterv. 

From the description given it will be seen that both sides of the outer three 
toes, and the outer side of the second toe. are sui>plied bv brajiehes from the plantar 
arch ; b«)th sides of the great toe, and the inner side of the second, arc supjiliod by 
the arteria magna hallucis. 


T’HE VEINS 

The veins convey the blood from the capillaries of the different parts of 
the body to the htiart. They consist of two distinct sets of vessels, the 
pulmonary and systemic. 

The Pulmonary Veins arc conceined in the circulation in the lungs. 
Unlike other vessels of this kind, they contain ailerial blood, which they return 
from the lungs to the left auricle of the heart. 

The Systemic Veins arc concerned in the general circulation ; they 
return the venous blood from the l)ody generally, to the right auricle of the 
heart. 

The Portal Vein, an appendage to the systemic venous system, is con¬ 
fined to the abdominal cavity, and returixs the venous blwd irouL-tiie-apleen 
and the viscera of dig^tion to the liver. This vessel ramifie.s in the substance 
of the liver and breaks ujx into a minute network of capillaries. From these 
capillaries the blood is conveyed by tlie hepatic veins to the inferior vena 
cava. 

The veins, like the arteries, ai‘e found in nearly every tissxie of the body. 
They commence by minute plexu-scs which receive the blood from the capil¬ 
laries. The branches wdiieh have their commencement in these plexuses unite 
together into trunks, and these, in their passage towards the heart, constantly 
increase in size as they receive tributaries, or join other veins. The veins 
are larger and altogether more numerous than the arteries ; hence, the entire 
capacity of the venous system is much greater than that of the arterial; the 
capacity of the pulmonary veins, how’ever, only slightly exceeds that of the 
pulmonary arteries. Since the combined area of the smaller venous branches 
is greater than that of the main trunks, the venous system may be compared 
to a cone, the summit of which corresponds to« the heart, its base to the 
wripheiy of the body. In form, the veins ax-e cylindrical like the arteries; 
their walls, however, collapse when the vessels are empty, and the uniformity 
of their surfaces is interrupted at intxirvals by slight constrictions, whiclx 
indicate the existence of valves in their interior. They usually i©tain, 
how^ever, the same calibre so long as they receive no branches. 

The veins communicate very freely wdtVi one another, especially in certain “ 
regions of the body ; and this communication exists between the larger trunks 
as well as between the smaller branches. Thus, between the sinuses of the 
cranium, and Imtween the veins of the neck, whore obstruction would be 
attended with imminent danger to the cerebral venous system, large and. 
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very frequent anastomoses are found. Tlie same free communication exists 
between the veins throughout the whole extent of the spinal canal, and 
betAveen the veins composing the various venous plexuses in the abdomen 
and pelvis, e.g. the spermatic, uterine, vesical, and prostatic. 

Veins have thinner walls than arteries, the difference in thickness being 
due to the smaller amount of elastic and muscular tissues. The superficial 
veins usually have thicker coats than the deep veins, and the walls of the 
veins of the loAvcr limb are thicker than those of the upper. 

The minute structure of these vessels has been described in the section 
on Histology (pages 69 and 60). 

The systemic veins are subdivided into three sets, viz. superficial and 
deep veins, and venous sinuses. 

The Superficial or Cutaneous Veins are found beWeen the layers of 
the superficial fascia, immediately beneath the integument; they return 
the blood from these structures, and communicate with the deep veins by 
perforating the deep fascia. 

The Deep Veins acicompany the arteri-'s, and are usually enclosed in the 
same sln^aths with those vessels. With the smaller arteries—as the radial, 
ulnar, brachial, tibial, ])(‘roneal—they exist generally in pairs, one lying on 
each side of the vessel, and are eallVd venat comifes. Tlie larger arteries— 
such as the axillary, subclavian, jjojjliteal, and femoral—have usually only 
one aceompanA’ing vein. In certain organs of the body, however, the deep 
veins do not accompany the arteries ; for instanet', the veins in the skull 
and spinal canal, the hejmtic veins in the liver, and the larger veins returning 
blood from the bones. 

Venous Sinuses arc <;hannels wlii^h, in their structure and mode of 
distribution, dilfer altogether from the veitis. They are found only in the 
interior of tin- skull, and consist of canals formed by a separation of the 
two layers of the dura matei'; tlie outer coat consists of fibrous tissue, 
i the inner of an endothelial layer continuous with the lining membrane of 
the veins. 


THE J’ULMOXARY VEINS 

The pulmonary veins (veme pulmonales) return the arterialised blood 
from the lungs to the left auiicle of the heart. They are four in number, two 
for each lung, and ar<! destitute of valves. They commence in a capillary 
network upon the Avails of th(' air-sacs, Aihere they are continuous Avitli the 
capillary ramifications of the pulmonary artery, and, joining together, form 
om* vessel for each lobule. These An'ssels, uniting successively, form a single 
trunk for ea,ch lobe, three for tlie right, and tAvo for the left lung. The vein 
from the middle lobe of the right lung gcmsraUy unites AA'ith that from the 
upper lobe, so that ultimately tAA'o trunks from each lung are formed ; they 
perforate the pericardium and open separately into the upper and back part 
of the left auricle. Occasionally the three veins on the right side remain 
separate. Not ihfrequently, the tAvo left pulmonary veins terminate by a 
common opening. 

Within the lung, the branches of the pulmonary artery are in front, the veins 
behind, and the bronchi between the two. 

At the root of the lung, the up])er pulmonary vein lies in front of and a little below 
the pulmonary artery ; the lower is situated beloAv the other structures in the 
lung root, and on a plane posterior to the upper vein. Behind the pulmonary 
artery is the bronchus. 

Within the pericardium, their anterior surfaces are invested by the serous layer 
of this membrane. 

The right pulmonary veins pass behind the right auricle and superior A^ena 
cava ; the left in front of the thoracic aorta. 

Applied AwotoOTy. -—Thrombosi s of larger or smaller branches of the pulmonary veins 
is common in infiamedlireas of the lung, or as a consequence of pressure from tumours, 
but it does not give rise to any special symptoms. 
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THE SYSTEMIC VEINS 

The systemic veins may be arranged into three groups : 1. The cardiac 
veins. 2. The veins of the head and neck, upper extremity, and thorax, which 
terminate in the superior vena cava. 3. The veins of the lower extremity, 
abdomen, and pelvis, wliich terminate in the inferior vena cava. 


CARDIAC VEINS 

The coronary sinus (sinus coronarius) is a wide venous channel about an 
inch in length which receives the majority of the veins draining the blood 
from the substance of the heart. It is situated in the posterior part of the 
auriculo-ventrieular groove, and is covered by muscular fibres from the left 
auricle. It terminates in the riglU auricle between the opening of the inferior 
vena cava and the auriculo-ventrieular aperture, its orifice being guarded by 
a semilunar valve, the valve of Thebesius. 

Its tributaries are the great, small, and middle cardiac veins, the posterior 
vein of the left ventricle, and the oblique vein of Marshall, all of which, except 
the last, are provided with valves at their orifices. 


Fio. G25.—Base and postero-inferior surface of heart. 

Vena azi/gos major 



Poiferior vein of left centncle Middle cardiac vein 


cardiac or left coronary vein (v. cordis inagnti) begins at the 
apex of the heart and ascends along the anterior interventricular groove to the 
base of the ventricles. It thwi curves to the left in the auriculo-ventrieular groove 
to the back of the heart, and ojiens into the left extremity of the coronary sinus. 
It receives tributaries from the hdt auricle and from both ventricles : one of these, 
the left marginal vein, is of considerable size, and ascends along the left margin 
of the heart. 

2. The amall cardiac or right coronary vein (v. cordis parva) runs in the 
groove between the right auricle and ventricle, and opens into the right extremity 
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of the coronary sinus. It receives blood from the back of the right auricle and 
ventricle; its largest tributary, the rigJit marginal vein, ascends along the right 
margin of the heart and joins it in the auriculo-ventricular groove. 

3. The middle cardiac vein (v. cordis media) commences at the apex of the 
heart, ascends in the posterior interventricular groove, and ends in the coronary 
sinus near its right extremity. 

4. The posterior vein of the left ventricle (v. posterior ventriculi sinistri) 
ascends on the back of the left ventricle to the coronary sinus, but may end in the 
great cardiac vein. 

5. The oblique vein of Uarshall (v. obliqua atrii sinistri) is a small vessel 
which descends obliquely on the back of the left auricle and ends in the coronary 
sinus near its right extremity; it is continuous above with the vestigial fold of 
Marshall, and the two structures form the remnant of the left Cuverian duct. 

The following cardiac veins do not terminate in the coronary sinus: (1) the anterior 
cardiac veins (vv. cordis anteriores), comprising three or four small vessels which 
collect blood from the front of the right ventricle and open into the right auricle. 
The right marginal vein frequently opens into the right auricle, and is therefore 
sometimes regarded as belonging to this group. (2) The veins of Thebesius 
(vv. cordis niinimaj), consisting of a mimb(!r of minute veins which arise in the 
muscular wall of the heart; the majorit)'open into the auricles, but a few terminate 
in the ventricles. 


VEINS OF THE HEAD AND NECK 

The veins of the head and neck may be subdivided into three groups : 
1. The veins of the exterior of the head and face. 2. The veins of the 
neck. 3. The veins of the dijiloe and the interior of the eranium. 


Veins of the Exteuiok of the Head and Face (fig. 626) 
The veins of the exterior of the head and face are: 


Frontal. 

yupra-orbital. 

Angular. 

Facial. 


Superficial temporal 
Internal maxillary, 
'remporo-maxillarv. 
Posterior auricular. 

Occipital. 


The frontal vein (v. frontalis) commences on the anterior part of the skull 
in a venous plexus which communicates with the anterior tributaries of the 
temporal vein. The veins converge to form a single trunk, which runs dowTiwards 
near the middle line of tlie forehead jiarallel with the vein of the opposite side. 
The two veins arc joined, at the root of the no.st*. by a trau.sverse branch, called 
the nasal arch, wliieh receives some sniiill veins from the dorsum of the nose. 
Occasionally the frontal vt'ins join to form a single trunk, which bifurcates at tbo 
root of the no.se into the two angular veins. At the root of the nose the veins 
diverge, and, eacji at the innei’ angle of the orbit, joins the suprn-orbital vein, to 
form the angular win. 

The Bupra-orbital vein (v. sapraorbitalis) cojumences on the forehead, com- 
mnnicatiiig Avith the anterior temporal vein, and runs downwards and inwards, 
superficial to the Occipito-froiitalis muscle; it receives tributaries from the 
neighbouring structures, and joins the frontal vein at the inner angle of the orbit 
to form the angular vein. Previous to its junction with the frontal vein, it sends 
through the supra-orbital notch into the orbit a branch which communicates 
with the ophthalmic vein. As this vessel passes through the notch, it receives a 
diploic vein from the diploc of the frontal bone, through a foramen at the bottom 
of the notch. 

The angular vein (v. augularis), formed by the junction of the frontal and 
supra-orbital veins, runs obliquely downwards and outwards, on the side of the root 
of the nose, to the level of the lower margin of the orbit, where it becomes the 
facial vein. It receives the veins of the ala nasi on its inner side, and the superior 
palpebral veins on its outer side; it communicates with the ophthalmic vein, 
thus establishing an important anastomosis between the facial vein and the 
cavernous sinus. 
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The facial vein (v. facialis anterior) coinmenoes at 11 h‘ side of the root of the 
nose, being a direct continuation of the angular vein. It lies behind the facial 
artery and follows a less tortuous course. It runs obliquely downwards and 
outwards, beneath the Zygomaticus major and minor muscles, descends along the 
anterior border of the Masseter, crosses over the body of the lower jaw, with 
the fadal artery, and passes obliquely outwards and backwards, beneath the 
Platysma and cervical fa^a superficial to the submaxillary gland. It unites with 
the anterior division of the temporo-maxillary vein to form a large trunk, the 
comnum facial vein (v. facialis communis), which enters the internal jugular vein. 


Fig. 626.—^Veins of the head and neck. 



From near its termination a communicating branch often runs down the anterior 
border of the Rterno-mastoid to join the lower part of the anterior jugular 
vein. 

Tributaries.—The facial vein receives, near the angle of the mouth, a com¬ 
municating tributary of considerable size, the deeji facial vein, from the pterygoid 
plexus. It is also joined by the inferior palpebral, the superior and inferior labial, 
the buccal and the masseteric veins. Below the jaw' it receives the submental ; 
the inferior palatine which returns the blood from the plexus around the tonsil 
and soft palate ; the submaxillary wliich commences in the submaxillaxy gland ; 
sad, generally, the ranine vein. 
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Applied Anatomy .—Thoro are some points about tho facial vein which render it of 
groat importance in surgery. It is not so flaccid as are most superficial veins, and, in 
oonsoquonce of this, remains more patent when divided. It has, moreover, no valves. It 
communicates freely with the intracranial circulation, not only at its commencement by 
the angular and supra-orbital veins which communicate with the ophthalmic vein, a 
tributary of the cavernous sinus, but also by the deep facial vein, wmch communicates 
through the pterygoid plexus with the cavernous sinus by branches which pass through 
the foramen ovale and foramen lacerum medium (see page 730). These facts have an 
important bearing upon the surgery of some diseases of the face ; for on account of its 
patency the facial vein favours septic absorption, and therefore anv phlegmonous inflam* 
mation of the face following a poisoned wound is liable to set up thrombosis in the facial 
vein, and detached portions of the clot may give rise to purulent foci in other parts of the 
body. On account of its communications with the cereirral sinuses, these thrombi are 
apt to extend upwards into them, and so induce a fatal issue; this has been known to 
follow facial carbuncle. 

The superficial temporal vein (v. temporalis supeificialis) commences on the 
sitle and vert,ex of the skull in a plo.xus which communicateB with the frontal and 
suprii-orbital veins in front, the corre8])onding vein of the opposite side, and the 
]><<st<Tior uuriculur and occipital veins behind. From this netw’ork anterior and 
jiosft'rior l)raiiches arise, and unite above the zygoma to form the trunk of the 
vein, which is joined in this situation bj' .a large vein, the middle temporal 
(v. tiMiiiJorali.s media), from the substance of the Temporal muscle. It then crosses 
the jiDsterior root of the zygoma, enti'is the substance of the parotid gland, and 
unites with the. int(!rnal ma.xilliiry vein to form the temporo-maxillary vein. 

Tributaries.—TJie tem]»oriil \ein receives in its course some parotid veins, 
artieiilar veins from the tempovo-mandibul.ar joint, anterhn- auricular veins from 
the external oar. and a vein of large .size, the transverse facial (v. transversa faciei), 
from the side <tf the face. The middle temporal vein, pnivious to its junction with 
the tempor.il vein, receives the orhltal rein, which is formed by some external 
palpebral l»ranches, and j»asses backwards between the layers of the temporal 
fascia. 

'I’ln^ pterygoid plexus {})lcxus jiterygoideus) is of considerable size, and is 
situated between the Tem]ioial iiml External ]»terygoid. and partly between the 
two Pterygoid muscles. It receivi's tributaries corresponding with the branches of 
the internal maxillary artery. Thus it recei\es the middle meningeal, tho deep 
tem])oral. the pterygoid. ma.sset<-ric Iniccal. alveolar, some palatine veins, and the 
inferior dental, and a branch which communicates with the oidithalmic vein 
througli tin* splieno-maxillary fissure. This ]»Iexuh commuiiic.'it»*s ver 3 ' freely 
with the f.icial vein ; it also ctmimunicates with the cavernous sinus, bv branches 
through the foramen Vesalii, foramen ovah*. and foramen lacerum medium, at the 
base of the skull. 

The internal maxillary vein (v. niaxillaris interna) is a short trunk which 
accompanies tin; first piirt of the inti'rnal maxillary artery. It is fonned by a 
confluence of the veins of the ])t(‘rvgoid plexus, and ])asses backwards betw'eeu 
the internal lateral ligaimmt and the neck of the mandible, and unites with the 
temporal vciji to form the temjmro-maxilhuy x ein. 

I'he temporo-maxillary vein (v. facialis posterior), formed bj' the union of the 
ternjxiral and interjial maxillarv .'eins. descends in the substance of the parotid 
gland, supei-ficial to the external carotid artery but beneath the facial nerve, 
between the ramus of the mandible and the Steruo-mastoid muscle. It dixddes 
into two branches, an anterior, w'hich passes inwards to join the facial vein, and a 
posterior, w'hich is joined by the posterior auricular vein and becomes the external 
jugular. 

Tho posterior auricular vein (v. auricularis posterior) commences upon the 
side of the head, in a ])lexu8 which communicates with the tributaries of the 
temporal and occipital veins. It descends behind the external ear, and joins the 
posterior division of the tcm}ion)-maxillarv vein to form the external jugular. 
It receives the stylo-mastoid veiji, and some tributaries front the back part of the 
external ear. 

The occipital vein (v. occipitalis) commences in a plexus at tho back part of 
the vertex of the skull. From the plexus emerges a single vessel, which pierces 
the cranial^ attachment cf tho Trapezius and, dipping into the sub-occipital 
triangle, joins the deep cervical vein. Occasionally it follows the course of the 




dow7i the neck, in the direction of a line drawn from the angle of tha mandible 
to the middle of the clavicle. In its course it crosses the Sterno-mastoid muscle, 
and in the subclavian triangle perforates the deep fascia, and terminates in 
the subclavian vein, on the outer side or in front of the Scalenus anticus 
muscle. It is separated from the Sterno-mastoid by the investing layer of 
the deep cervical fascia, and is covered by the Platysma, the superficial fascia. 
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and the integument; it crosses the superficial cervical nerve, and its upper 
half runs parallel with the great auricular nerve. The external jugular vein 
varies in size, bearing an inverse proportion to the other veins of the neck; 
it is occasionally double. It is provided with two pairs of valves, the lower 
pair being placed at its entrance into the subclavian vein, the upper pair 
in most cases about an inch and a half above the clavicle. The portion 
of vein between the tw'o sets of valves is often dilated, and is termed the sinus. 
These valves do not prevent the regurgitation of the blood, or the passage 
of injection from below upwards. 

Applied Anatomy .—Vcaesection used formerly to be performed on the external jugular 
Vein, but is now probably never resorted to. The anatomical point to be remembered in 
})erforming this operation is to cut across the filues of the Platysmain opening the vein, 
so that by their contraction they will expose the brilico in the vein and so allow the flow 
of blood. 

Tributaries, —This vein receives the occipital occasionally, the posterior 
e.xternal jugular, and, near its termination, the transverse cervical, suprascapular, 
and anterior jugular veins; in the substance of the parotid, a large branch of 
communication from the internal jugular joins it. 

The posterior external jugular vein com;'icnces in the occipital region and 
returns the blood from the iutegum<*.nt and su[)crficial rnuscies in the upper and 
back part of the lu'ck, lying bctweLUi the Splenius and Trapezius muscles. It 
runs down the back part of the neck, and opens into the external jugular just 
l)elow the middle of its course. 

The anterior jugular vein (v. jugularis anterior) commences near the hyoid 
bone from the confluence of several superficial veins from the .submaxillary region. 
It descends between the. median line and the anterior border of the Steriio-mastoid, 
and, at the lower part of the neck, passes beneath that muscle to open into the 
termination of the external jugular, or, in some instances, into the subclavian vein 
(figs. 026, 027). It varies con.siderably in size, bearing usually an iiiAcrse pro¬ 
portion to the external jugular ; nio.st fre(]ueiitly there are two anterior jugulars, 
a right and left; but sometimes only one. Its tributaries are some laryngeal 
vein.s, and ocrasionally a small thyroid vein, .lust above the sternum, the two 
anterior jugular veins communicate by a transverse trunk, which receives tributaries 
from the inferior thyroid veins ; each also communicates with th(j internal jugular. 
There are no valves in this vem. 

Tho internal jugular vein (v. jugularis interna) collects the blood from 
the interior of the cranium, from the superficial ])ar(s of the face, and from tho 
neck. It is directly continuous Avith the lateral sinus, and commences in tho 
posterior c(»mpartin<mt of tlm jugular foraiiMMi, at tJie ba.se of the skull (fig. t>36). 
At its origin it is sonnnvliat dilated, and this dilatation is called the sinus, or 
ht'ih (bulbus vena! jiigularLs sui)erior). It runs down tho side of the neck in a 
vertical direction, lying at first on tJie outer sid(‘ of the internal carotid artery, 
and then on the outer side of the common carotid, and at the root of tho neck 
unites Avith the subclavian vein to form the innominat e vein. At its commence¬ 
ment it lies upon tlie Rectus cajiitis lateralis, behind the internal carotid artery 
and the nerves pyissing through the jugular foramen; loAi-er down, the vein 
and artery lie upon the same plane, the glo&so-pharyngeal and hypoglossal 
nerves passing fotAvards betAA-ecn tJiem ; the pneumogastric descends between 
and behind them in the same sheath, and the spinal accessory runs obliquely 
outAVards, behind or in front of the vein. At the root of the neck the right 
internal jugular vein is placed at a Hftle distance from tho common carotid 
artery, and crosses the first part of the subclavian artery, Avhile the left internal 
jugular vein usually overlaps the common carotid artery. The left vein is 
usually smaller than the right, and each contains a pair of valves, Avliich are 
placed about an inch abov(» tho termination of the vessel. 

Tributaries. —^Tho vein receives in its course tho inferior potrosal.sinus, 
the common facial, lingual, pharyngeal, superior and middle thyroid veins, and 
sometime»the occipital. At its point of junction Avith tho common facial vein 
it becomes greatly increased in size. 

The ii^erior petrosal sinus (sinus potrosus inferior) leaves the skull through 
the anterior compartment of the jugular foramen, aud joins the vein near its 
commencement. 
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The lingaal veina (w. linguales) commence on the dorsum, sides, and under 
surface of the tongue, and, passing backwards along the course of the lingual 
artery and its branches, terminate in the internal jugular. The ranine vein, a 
branch of considerable size, comnusneing below the tip of the tongue, may join the 
lingual; generally, however, it passes backwards on the Hyo-glossus muscle in 
company with the hypoglossal nerve, and joins the facial. 

The pharyngeal veins (w. pharyngese) begin in the 'pharyngeal plexus on the 
wall of the pharynx, and, after receiving meningeal tributaries, and the Vidian 
and spheno-palatine veins, terminate in the internal jugular. They occasionally 
open into the facial, Ungual, or superior thyroid vein. 

The superior thyroid vein (v. thyreoidea superior) (fig. 628) begins in the 
substance and on the surface of the thyroid gland, by tributaries corresponding 
with the branches of the superior thyroid artery, and terminates in the upper 
part of the internal jugular vein. It receives the superior laryngeal and 
crico-thyroid veins. 


Fxo. 628.—The veins of the thyroid body. 



The middle thyroid vein (v. thyreoidea media) (fig. 628) collects the blood 
from the lower part of the lateral lobe of the thyroid gland, and after being joined 
bj' some veins jFrom the larynx and trachea, terminates in the lower part of the 
internal jugular vein. 

The &cial and occipital veins have been described above. 

Applied Anatomy .—^Tho internal jugular vein requires ligature in cases of septic 
thrombosis of the lateral sinus from suppuration in the middle ear, in order to prevent 
septic emboli being carried into the general circulation. This operation has been performed 
recently in many cases, with the most satisfactory results. The cases are generally those 
of chronic disease of the middle oar, with discharge of pus which perhaps has existed for 
many years. The patient is seized with acute septio inflammation, spresi^ing to the 
mastoid colls, and setting up septic thrombosis of the lateral sinus extending to the 
internal jugular vein. Such cases are always extremely grave, for there is a danger of a 
portion of the septic clot being detached and causing septic embolism in the wioraeic 
viscera. If the condition bo suspected, the diseased bone should be removed at once 
from the mastoid process. The sinus is then investigated, and if it be found thrombosed. 
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the surgeon should proceed to ligature the internal jugular vein, by an incision along the 
anterior border of the sterno-mastoid, the centre of which is on a level irith the greater 
cornu of the hyoid bone. The vein should be ligatured in two places and divided tetween. 
After the vessel has been secured and divided, the lateral sinus w to be thoroughly 
cleared out, and by removing the ligature from the upjjer end of the divided vein, all septic 
clots removed by syringing from the sinus through the vein. If haraoiThage occur from 
the distal end of the sinus, it can be arrested by careful plugging with antiseptic 

The internal jugular vein is also surgically important, because it is surrounded by 
a large number of the deep chain of cervical lymphatic glands; and when these are 
enlarged in tuberculous or malignant disease, they are apt to become adherent to the 
vessel, rendering their removal difficult and often dangerous. The proper course to 
pursue in these cases is to ligature the vessel above and below the glandular mass, and 
resect the included portion together with the glands. 

Cardiac pulsation is often demonstrable in the internal jugular vein at the root of the 
neck. There are no valves in the innominate veins or superior vena cava; in consequence, 
the systole of the right auricle causes a wave to pass up these vessels, and when the 
conditions arc favourable this wave ajqiears as a somewhat feeble flicker over the internal 
jugular vein at the root of the neck, quite distinct from, and just preceding, the more forcible 
impulse transmitted from the underlying common carotid artery and due to the ventricular 
systole. This auricular systolic venous impulse is much increased in conditions in whitih 
the right auricle is abnormally distended with blood or is hy^rtrophied, as is^ often 
the case in disease of the mitral valves. In Stokes-Adams' disease (p. 611) it is this 
pulsation which gives evidence of the fact that the auricles are beating faster—often two 
or throe times faster—than the ventricles. 

The vertebral vein (v. vertebraliM) is fornuKl in the Buboocipifcal triangle, 
from numerous small tributaries wliicdi spring from the intraspinal venous 
plexuses and issue from the spinal canal above the posterior arch of the atlas. 
They unite with small veins from the deej.) muscles at the upper and back 
part of the neck, and form a vessel wliieh passes outwards and enters the 
foramen in tlie transverse process of the atlas, and descends, forming a dense 
plexus around the vertebral artery, in tlie canal formed by 1 lui foramina in the 
transverse processes of the cervical vcrtebrjc. This plexus unites at th<^ lower 
part of the neck into a single*, trunk, which emerges from the foramen in the 
transverse process of the sixth e«*rvical vertebra, and terminates at the root of 
tlie neck in the back part of llie innominate vein near its origin, its moutJi being 
guarded by a pair of valves. On the right side, it crosses tho first part of the 
subclavian arteiy. 

Tributaries.—The veitcbral vein Teceive,s in its eourse a vein from the inside 
of the skull through the posterioi condyloid foritrnen ; muscular veins, from the 
muscles in the prcvertebral region ; posterior-spinal veins, from the hack part (>f 
the cervical portion of the vertebral column ; intra-spinal veins, from the interior 
of the sjiinal canal; the anterior and posterior vertebral veins ; and close to its 
termination it is sometimes joined by the first intercostal vein. 

Tho anterior vertebral vein commences in a plexus around the transverse 
processes of the upper cervical vertebra*,'descends in company with the ascmidhig 
cervical artery betw(*en the )Scal(*mis anticus and Rectus capitis auticus major 
muscles, and opens into the vertebral vein just before its termination. 

The posterior vertebral or deep cervical vein (v. (iorvicalis jirofunda) 
accoippanies the *profuiida ccrvicis artery, lying between the Complexus and 
Scmispinalis colli. It commences in tho suboccipital re-gion by communicating 
branches from the occipital vein and tributaries from the deep muscles at the 
hack of the neck. It receives tributaries from the plexuses around the spinous 
processes of the cervical vertehrae, and terminates in the lower end of the vertebral 
vein. 


Veins of the Diploe (fig. 629) 

The diploic veins (venaj diploicae) occupy channels in the cancellous 
tissue of the cranial bones. 

They are large and exhibit at irregular intervals pouch-like dilatations; 
their walls are thin, and formed of endothelium resting upon a layer of 
elastic tissue. 

In adult fife, so long as tho cranial bones are distinct and separable, tlicse 
veins are confined to the particular bones ; but in old age, when the sultares 
are united, they communicate with each other, and increase in size. They 
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oommunicate, in the interior of the cranium, with the meningeal veins and 
the sinuses of the dura mater; and, on the exterior of the skull, with the 
veins of the pericranium. They consist of (1) the fronted (v. diploica frontalis), 
which opens into the supra-orbital vein by an aperture in tlie supra-orbital 
notch; (2) the anterior temporal (v. diploica temporal^ anterior), which is 
confined chiefly to the frontal bone, and opens into one of the deep temporal 

Fio. 629.—^Veins of the diploii as displayed by the I’emoval of the outer table 

of the skull. 



veins, through an aperture in the great wing of the sphenoid ; (3) the posterior 
temporal (v. diploica temporalis posterior), wiiich is situated in the parietal 
bone, and terminates in the lateral sinus, through an aperture at the postero- 
inferior angle of the parietal bone or through the mastoid foramen; and 
(4) tlie occipital (v. diploica occipitalis), the largest of the four, which is 
confined to the occipital bone, and opens cither externally into the occipital 
vein, or internally into the lateral sinus or torcular Herophili. 

Veins oe the Beain 

The veins of the brain (venae cerebri) possess no valves, and their walls, 
owing to the absence of muscular tissue, are extremely thin. They pierce the 
arachnoid membnane, and the inner or meningeal layer of the dura mater, 
and open into the cranial venous sinuses. They may be divided into tw'o sets, 
cerebral and cerebellar. 

The cerebral veins consist of (a) the superficial veins w^hich are placed 
on the surface of the’ brain, and (6) the deep veins which occupy its interior. 

The superficial cerebral veins ramify upon the surface of the cerebrum, being 
lodged in the sulci between the convolutions, a few running across the convolu¬ 
tions. They receive tributaries from the cerebral cortex, and arc divisible into two 
sets, superior and inferior. 

The superior cerebral veins (vv. cerebri superiores), eight to twelve in number 
on either side, return the blood from the convolutions on the superior surface of the 
hemisphere ; they pass forwards and inw’ards towards the great longitudinal 
fissure, where they receive the veins from the median surface of the hemisphere ; 
near their terminaTittns they become invested with tubular sheaths of the arachnoid 
membrane, and open into the superior longitudinal sinus, in the opposite direction 
tb the course of the current of the blood in the sinus. 

The inferior cerebral veins (vv. cerebri inferiores) ramify on the lower part of 
the outer, and on the under, surfaces of the cerebral hemisphere. One of large size, 
the middle cerebral, or superficial Sylvian vein (vena cerebri media), commences on 
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lie sutfacc of the temporal lobe, and, running along the fissure of Syhuus, opens 
into the cavernous sinus. Another large vein, the great anastomUic vein of Trolard, 
connects the superior longitudinal and cavernous sinuses, by becoming continuous 
above witli one of the superior cerebral veins, and below by joining the middle 
cerebral vein. A third, the 'posterior anastomotic vein of Lalibe, connects the 
middle cerebral vein with the lateral sinus by coursing over the temporal lobe. A 
fourth, the basilar vein (v. basalis [Rosenthalii),is formed at the antenor perforated 
spot by the union of (a) a small anterior cerebral vein which accompanies the anterior 
cerebral artery, (b) the deep Sylvian vein which receives tributaries from the island 
of Reil and neighbourijig convolutions, and runs in the lower part of the Sylvian 
fissure, and (e) the inferior striate wins which leave the corpus striatum through 
the anterior perforated space. The basilar vein passes backwards round the crus 
cerebri, and ends in the vei?! of Gale.n ; it receives tributaries from the interpedun¬ 
cular space, the d(!scendiiig horn of the lateral ventricle, the uncinate gyrus, and 
the raid-brain. Small inferior cerebral veins from the under surface of the frontal 
lobe end in the cavernous sinus; others from the temporal lobe termijiate in the 
superior petrosal and lateral sinuses. 

The deep cerebral veins (vv. cerebri interme) arc collected into two large trunks, 
named the veins of Galen. Each of tlu'se is lormed by the union of two veins, the 
vena corporis striati and the choroid vein (v. choroidea). They run backwards, 
parallel with one another, between the. layers of the. velum interpositum, and 
beneath the splenium of the corpus callosum, whe.re they uuit(j to form a. short 
trunk, the vena magna Gah'ni (v. cerebri magna), which ends in the anteri<ir 
extremity of the straight sinus. .lust, before their union each rec-eives the 
corresponding basilar vein. 

The vena corporis striati commences in the groove between the cairpus .striatum 
and thalamus, receivcis numerous v('ins from both of these parts, and unites 
bchiitd the anterior pillar of the forni.x with the choroid vein, to form one of the 
vena^ Galeni. The choroid vein runs along the whohs length of the outer border 
of the. choroid jfiexus, and na-eives veins from tin*, hippocampus major, the fornix 
and the corpus callosum. 

The cerebellar veins are placed on the surfac-c of the cerebellum, and 
are disposed in two sets, su]>crior and inferior. The superior cerebellar veins 
(vv. oerebelli superiores) [lass partly forwards and inwards, across the superior 
vermis, to terminate in tlui straight sinus and venae Galeni, partly ouUvards 
to the lateral and superior petrosal sinuses. The inferior cerebellar veins 
(vv. cerebclli inferiores), of large size, terminate in the lateral, superior 
petrosal, and occipital sinu.ses. 

kSiNrsKs or the Di’ra Matek 

The sinuses of the dura, mater (sinus durjo matris) are venous channels whieli 
tbain th(; blood from the brain : they are situated between tlie two layers of the 
dura mater and lined by cndotlieliurn continuous with that which lines the veins. 
They are fourteen in number, of which six arc single and situated in the middle 
line ; tlie other eight are paired, four being placed on either side of the middle 
line. They may be divided into two groups : (1) a postero-superior group 
situated at the upper and back part of the. skull, and (2) an antero-inferior 
group at the base of the skull. 

The postero-superior group eomi)rise8 the 

Superior longitudinal sinus. Straight sinus. 

Inferior longitudinal sinus. Two lateral sinuses. 

Occipital sinus. 

The superior long'itudinal sinus (sinus sagittalis superior) (fig. 630) occupies 
the attached margin of the falx ccrobri. Commencing at the foramen caecum, 
through which it communicates by a small braiuih with the veins of the nasal 
fossae, it runs from before backwmrds, grooving the inner surface of the 
frontal, the adjacent margins of the tw'o parietals, and the superior division 
of the crucial ridge of the occipital: near the internal occipital protuberance 
it deviates to one or other side (usually the right), and is continued as the 
corresponding lateral sinus. The sinus is triangular in section; it is narrow in 
front, and gradually increases in size as it passes backwards. Its inner surface 
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presents the openings of the superior cerebral veuis, which run, for the most 
part, from behind forwards, and open chiefly at the back part of the sinus, 
their orifices being concealed by fibrous folds; numerous fibrous bands 
[chardcB WilUaii) extend transversely across the inferior angle of the sinus; 
and, lastly, small openings communicate with vermis lacunoe in the dura 
mater, into which small white bodies, the glavduloe Paechionii, project. The 


Fio. 630.—Superior longitudinal sinus laid open after removal of the skull-cap. The 
chordsB Willisii are clearly seen. The parasinoidal sinuses are also well shown; 
from two of them probes are passed into the superior longitudinal sinus. (Poirier and 
Charpy.) 



superior longitudinal sijius receives the superior cerebral veins, veins from 
the diploii and dura mater, and, at the posterior extremity of the sagittal 
suture, veins from the pericranium, whicli pass tlirough the parietal foramina. 

Applied Anatomy .—The numerous communications which take place between this 
sinus and the veins of the nose, scalp and diploc, cause it to bo fsoquently the seat of 
infective thrombosis from suppurative prowssos in these parts. 

Tlie inferior longitudinal sinus (sinus sagittal,is inferior) (fig. 631) is 
contained in the posterior half or two-thirds of the free margin of the falx 
cerebri. It is of a cylindrical form, increases in size as it passes backwards, 
and terminates in the straight sinus. It receives several veins from the falx 
cerebri, and occasionally a few' from the mesial surface of the hemispheres. 

The straight sinus (sinus rectus) (figs. 631, 632) is situated at the line of 
junction of the faljc cerebri with the tentorium cerebelli. It is triangular in 
section, increases in size as it proceeds backwards, and runs obliquely downwards 
and backw'ards from the termination of the inferior longitudinal sinus to the 
lateral sinus of the opposite side to that into which the superior longitudinal 
sinus is prolonged. Its terminal part communicates by a cross branch with 
the torcular Herophili. Besides the inferior longitudinal sinus, it receives the 
vena magna Galeni and the superior cerebellar veins. A few transverse bands 
cross its interior. 
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The lateral sinuses (figs. 631, 632} are of large size, and oommenoe at the 
internal occipital protuberance; one, generally the right, being the direct 

Fro. 631.—Sagittal section of the skull, showing the sinuses of the dura mater. 


Tornilar fferophili 



Foramen c<rrnm 


Fig. 632.—^Tentorium cerehelli from above. 



continuation of the'superior longitudinal sinus, the other of the straight sinus. 
Each lateral sinus (sinus transversus) passes outwards and forwards, describing 
a slight curve with its convexity upwards, to the base of the petrous portion 
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of the temporal bone, and is situated, in this part of its course, in the attached 
margin of the tentorium cerebelli; it then leaves the tentorium and curves 
downwards and inwards to reach the jugular foramen, wliere it terminates in 
Ihe internal jugular vein. In its course it rests upon the inner surface of the 
occipital, the postcro-inferior angle of the parietal, the mastoid portion of 
the temporal, and on the occipital, again, just before its termination. The 
portion of the sinus which occupies the groove on the mastoid part of the 
temporal is known as the sigmoid, sinus. The lateral sinuses are frequently of 
unequal size, that formed by the superior longitudinal sinus being the larger; 
they increase in size as they proceed from b(‘hind forwards. The horizontal 
portion is of a prismatic form, llu! curved portion semicylindrical. The inner 
surfaces are smooth, and not cros.sed by the fibrous bands found in the other 
sinuses. They receive tlie blood from the superior petrosal sinuses at the base 
of tlu* jwtrous portion of tlie temporal bone; they communicate with the veins 
of the pericranium by means of the mastoid and (iondyloid emissary vtuns; 
and they recciv’^c some of the inferior cerebral and inferior cerebellar veins, 
and some veins from the diploe. The petrosquamous sinus, when present, 
runs backwards along the junction of the ])etrous and squamous portions of 
the temporal, and opens into the lateral sinus. 

The occipital sinus (sinus occipitalis) (fig. 631) is the smallest of the cranial 
sinuses. It is generally single, but occasionally there are two. It is situated in 
the attached margin of the falx een'belli. It commences around the luargin of 
the foramen magnum by several small \'eins, one of which joins the* termination 
of the lateral sinus ; it communicates with the posterior spinal veins, and 
terminates in the torcular Herojihili. 

[riie torcular Herophili. f)r coulhnnre of the sinuses (confluens sinuum) is 
the term applied to the dilated extremity of the superior longitudinal sinus. 
It is of irregular form, and is lodged on one side (generally the right) of tlu^ 
internal occipital protuberance. From it the lateral .sinus of th(‘ side to A\hicli 
it is defle(!tcd is derived. It recc'ivcs also the blood from the oeci])ital sinus, 
and is connected across the middle line with the commencement of the 
lateral sinus of the opposite side. 

The antero-inferior group of sinuses comprises the 

T’wo cavernous sinuses. Two superior petrosal sinuses. 

Circular sinus. Tu o inferior petrosal sinuses. 

Basilar sinus. 

The cavernous sinuses are so named because they pres<mt a reticulalc'd 
structure, due to their being traversed by numerous interlacing filamiuits. 
They are of irrc'gular form, larger Ixdiind than in front, and are placed one on 

either side of the. body of the 
Fio. 633.—Oblique section through the sphenoid, extending from the 
cavernous sinus. sphenoidal fissure to the apex 

InUreal , artn; potroUS portion of the 

temporal bone. Each cavernous 
sinus (sinus caveriioKus) receives 
anteriorly the superior ophthal¬ 
mic vein through tlu^ sphenoidal 
fissure, and opens behind into 
the petrosal sinuses. On the inner 
wall of each sinus is the internal 
carotid artery, accompanied by 
filaments of the carotid plexus 
and by the sixth nerve ; and on 
the outer wall, the third and 
fourth nerves, and the ophthalmic 
and superior maxillary divisions 
of the fifth nerve (fig. 635). 
Tiiese parts are scjiarated frorti (he blood flowing along the sinus by the 
lining membrane, which is continuous with the inner coat of the veins. The 
cavernous sinus receives some of the cerebral veins, and also the small 
spheno-parietal sinus (sinus sphcnoparictalis), which extends inwards on the 
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under aspect of the lesser wing of the sphenoid. It communicates with the 
la ter al sinus by means of the superior petrosal sinus; with the internal jugular 
vein through the inferior petrosal sinus and through a plexus of veins on the 
internal carotid arteiy ; with the pterygoid venous plexus through the foramen 
Vesalii or foramen ovale, and with the angular vein through the ophthalmic 
vein. The two sinuses also communicate with each other by means of the 
circular-sinus. 

Applied Anatmiy. —An arterio-venous comniunicalion may be established between 
the cavernous sinus and the internal carotid artery, giving I'ise to a pulsating 
tumour in the orbit. These communications may be the i-esult of injury, such ns a bullet 
wound, a stab, or a blow or fall sufficiently severt' to cause a fracture of the base of the 
skull in this situation, or they may occur from the rupture of an aneurysm or a diseased 
condition of the internal (iarotid artery. The symplortis are sudden noise and pain in 
the head, followed by cxoplitlialinos, swelling and congestion of the lids and conjunctivaj, 
and development of a pulsating tumour at tho margin of the orbit, with thrill and the 
characteristic bruit; accompanying these symptoms there may bo impairment of sight, 
paralysis of the iris and orbital musch's, and pain of varying intensity. In some cases the 
opposite orbit becomes affected by the passage of the arterial blood into the opposite 
sinus by means of the uireular sinus ; or the art jrial blood may find its way through tho 
emissary veins (see page 743) info the pterygoid plexus, and thence into tho veins of tho 
face. Pulsating tumours of tins orlwt may also !>(■ due to traumatic aneurysm of one of 
tho orbital arteries, and symptoms resembling tliose of ])ulsaling tumour may produced 
by pressure on the oiffithalinie vein, as it enters the sinus, by an aneurysm of the internal 
carotid artery. Ligature of tho internal or common carotid artery has Ixsen jxirformod 
ill these cases with some degree of success. 

Of recent years more attention has been jiaid to thrombosis of the cavT-rnous sinus 
than formerly, and it is now well established that caries in the ujiper jiarts of the nasal 
fossae and supijuratiou in certain of the acciissory sinuses of the nose, are frequently 
responsible for septic, thrombosis of the cavernous sinuses, in exactly the same w'ay as 
lateral sinus thrombosis is due to septic disease in the mastoid process. Many deaths 
from meningitis, hitherto unaccounted for, are in reality due to the spread of an infection 
from an ethmoidal or sphonoidal air coll to the cavernous sinus, and thenee to the meninges. 
It is obvious, therefore, that no ease of chronii! nasal supjniration should be loft 
untreated. 

The ophthalmic veins (fig. 634) are two in number, superior and inferior. 

The superior ophilmlmic vein (v. ojihthalmiea superior) conneets the angular 
vein at the inner angle of tlu; orbit^with the cavernous sinus ; it ))urHues llic 


Fro. 034.—^\^eins of orbit. (I’oirier and Charpy.) 



same course as tho ophthalmic artery, and receives tributaries corresponding 
to the, branches derived from that vessel. Forming a short single trunk, it 
passes through the inner extremity of the sphenoidal fissure, and terminates 
in the cavernous sinus. j . i, 
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Tho inferior opthalmic vein (v. ophthalmica inferior) receives the veins 
from the floor o£ the orbit, and either passes out of the orbit through the spheno- 
maxillary fissure to join the pterygoid plexus of veins ; or else, passing back¬ 
wards through the sphenoidal fissure, it enters the cavernous sinus, either by 
a separate opening, or more frequently in common with the superior ophthalmic 
vein. 

The circular sinus (sinus circularis) (fig. 635) is formed by two transverse 
vessels, the anterior and posterior intercavernous sinuses, which connect 
together the tw'o cavernous sinuses : one passes in front of and the other 
behind the pituitary body, and thus they form with the cavernous sinuses a 
venous circle around that body. The anterior one is usually tho larger of the 
two, and one or other is occasionally absent. 

The superior petrosal sinus (sinus petrosus superior) is situated along 
the superior border of the petrous portion of the temporal bone, in the 
attached margin of the tentorium. It is small and narrow, and connects 
the cavernous and lateral sinuses, opening into the latter as it curves down¬ 
wards on the inner surface of the mastoid part of the temporal bone. It receives 

Fifi. (ilf.5.—The sinuses at the base.of the skull. 



some cerebellar and inferior cerebral veins, and veins fi'om the tympanic 
(!avity. 

The inferior petrosal sinus (sinus petrosus inferior) is situated in the 
groove formed by the junction of the posterior border of the petrous portion 
of the temporal with the basilar pro(;css of the occipitjtl. It begins in tlie 
cavernous sinus, and, passing through the anterior • compartment of the 
jugular foramen, ends in the commencement of the internal jugular vein. 
The inferior petrosal sinus receives the vffins from the internal ear 
(vv. auditivse intemae) and also veins from the medulla, pons, and under 
surface of the cerebellum. 

The exact relation of the parts to one another in the jugular foramen is as 
follows (fig. 636) : the inferior petrosal sinus is in front, with the meningeal 
branch of the ascending pharyngeal artery, and is directed obliquely downwards 
and backwards; the lateral sinus is situated at the back part of tho foramen 
with a meningeal branch of the occipital artery, and between the two are the 
glosBo-pharyngeal, pneumogastric, and spinal accessory nerves. These three sets of 
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structures are divided from each other by two processes of fibrous tissue. The 
junction of the inferior petrosal sinus with the internal jugular vein takes place 
superficial to the nerves, so that these latter lie a little internal to the venous 
channels in the foramen. 

The basilar sinus (plexus basilaris) consists of several interlacing veins 
between the layers of the dura mater over the basilar process of the 
occipital bone, which serve to connect the two inferior petrosal sinuses. They 
communicate with the anterior spinal veins, 

EiniBftaxy.veins. —The emissary veins are vessels which pass through apertures 
in the cranial wall and establish communications between the sinuses inside the 
skull and the veins external to it. Some of these arc always present, others only 
occasionally so. They vary much in size in different individuals. The principal 
emissary veins are the following. 1. A vein (cmissarium mastoideum), almost 
always present, runs through the mastoid foramen and uhTtes the lateral sinus 
with the posterior auricular or with the occipital vein. 2. A vein (emissarium 


Fig. 636.—Relation of structures in jugular foramen. 



paiietale) passes through the parietal foramen and connects the superior longi¬ 
tudinal sinus with the veins of the scalp. 3. A plexus of minute veins (rete 
caualis hypoglossi) traverses the anterior condyloid foramen and joins the lateral 
sinus with the vertebral vein and deep veins of the neck. 4. An inconstant vein 
(emissarium condyleideum) j)asses through the posterior condyloid foramen and 
connects the lateral sinus with the deep veins of the neck. 5. A plexus of veins 
(rete foraminis ovalis) unites tlie cavernous sinus with the pterygoid and 
pharyngeal plexuses through the foramen ovale. 6. Two or three small veins 
run through the foramen lacerum medium and connect the cavernous sinus 
with the pterygoid and pharyngeal plexuses. 7. There is sometimes a small 
vein passing through the foran ien of Yesalius connecting the same parts. 8. A 
plexus of _veins (plexus venosus cardticus internus) traverses the carotid canal 
and unites the cavernous sinus with the internal jugular vein. 9. A vein is 
transmitted through the fo ramen caecum and connects the superior longitudinal 
sinus with the veins of the mucous Incmbrane of the nose. 
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Applied Anatomy .—^Theso emissary veins together with the other communications 
between the intra- and extra-cranial circulation axe of groat importance in surgery. 
Inflammatory processes commencing on the outside of the skull may travel inwaras 
through thorn, and lead to oateo-phlobitis of the diploU and inflammation of the 
membranes of the brain. To this in former days was to be attributed one of the 
principal dangers of wounds of the scalp. 

By moans of these emissary veins blood may be abstracted almost directly from the 
intracranial circulation—e.g. leeches applied beliind the ear drain blood almost directly 
from the lateral sinus, through the mastoid vein. Again, epistaxis in children will 
frequently relieve severe headache, the blood which flows from the nose Wng partly 
derived from the superior longitudinal sinus by means of the vein passing through the 
foramen cwcum. 

VlilNS OF THE UPPER EXTREMITY AND THORAX 

The veins of the upper oxtremitv are divided into two sets, superficial 
and deep. 

The superficial veins are placed iintnediutely bencatli the integument 
between the two layers of superficial fascia. 


Fio. 6.S7.—-The veins on the dorsum of the hand. (Bourgery.) 



The deep veins accompany the arteries, and constitute the vense conutes 
of those vessels. 
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Both sets of vessels are provided with valves, which are more numerous 
in tlie deep than in the supemcial. 

The superficial veins 

of the upper extremity superficial veins of the upper extremity, 

are. the ' ^ 


Digital. 

Metacarpal. 

Cephalic. 

Basilic. 

Median. 

Digital veins.—^The 
dorsal digital veins pass 
along the sides of the 
fingers and arc joined to 
one anothei’ by oblique 
coininunicaling branches. 
Those from tlie adjacent 
sides of the index, middle, 
ring, and little fingers 
unite to form three dorsal 
metacarpal veins (vv. 
metacarpeas dorsales), 
which terminate in a 
dorsal venous arch (fig. 
(137) opposite the middle 
of the metacarpus. 'I’lic 
arch is convex distally ; 
its radial extremity is 
joined by the dorsal 
digital vein from the 
radial side of the index 
finger and by the dorsal 
digital veins of t he thumb, 
and is prolonged upwards 
as the cephalic vein. Tlie 
ulnar extremity of the 
arch receives the dorsal 
digital vein of the ulnar 
.side of the little finger and 
is continued upwards as 
tJie basilic vein. A com¬ 
municating branch Ire- 
quently connects the 
dorsal venous arch with 
the cephalic vein, about 
the middle of the forearm. 

The palmar digital 
veins (vv. digitales 
volares) on each finger are 
connected to one another 
and to the dorsal digital 
veins by oblique vessels 
(vv. intercapitulares). 
They drain into a venous 
plexus wliich is situated 
over the thenar and hypo- 
thenar eminences and 
across the front of the 



wrist. 


The cephalic vein (v. cephalica) (fig. 638) begins in the radial end of the 
dorsal vehous arch and winds upwards round the radial border of the forearm, 
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receiving tributaries from both surfaces. Below the front of the elbow it gives 
off the vena mediana cubiti, which passes across to join the basilic. It then 
ascends in front of the elbow in the groove between the Brachio-radialis and 
the Biceps. It crosses superficial to the inusculo-cutaneous nerve and ascends 
in the groove along the outer border of the Biceps. In the upper third of the 
arm it passes between the Poctoralis major and the Deltoid, where it is accom¬ 
panied by the descending or humoral branch of the acromio-thoracic artery. 
It pierces the costo-coracoid membrane and, crossing the axillary artery, ends 
in the axillarj'- vein just below the clavicle. 

The accettfinrif cepluiUc vein (v. ooplialica accessorial arises either from a 
small tributary plexus on the back of the forearm or from the ulnar side of the 
dorsal venous arch ; it joins the cephalic below the elbow. In some ca.sos the 
accessoiy cephalic springs from the cephalic sibove the wrist and joins it again 
higher up. A large oblique branch frequently connects the b<a8ilic and cephalic 
veins on the back of the forearm. 

The basilic vein (v. basilica) (fig. 638) b(5gins in the ulnar end of the 
dorsal venous arch. It runs up the posterior surface of the ulnar side of the 
forearm and inclines forward to the anterior surface below the elbow, where it is ‘ 
joined by the vena mediana ciibiti. It ascends obliquely in the groove between 
the Biceps and Pronator teres across the brachial artery, from which it is 
separated by the bicipital fascia; filaments of the internal cutaneous nerve pass 
both in front of and behind this portion of the vein. It then runs upwards 
along the inner side of the Biceps, perforates the deep fascia a little below the 
middle of the arm and, ascenduig on the inner side of 1 he brachial artery to 
the lower border of the Teres major, is continued onwards as the axillary veiti. 

The median vein (v. int>diana antibrachii) diains tlie plexus on the palmar 
surfaces of the hand. It ascends on the ulnar side of the front of the forearm 
and ends in the basilic vein or in the vena mediana cubiti ; in a small proportion 
of cases it divides into two branches, one of which joins the basilic, the other 
the cephalic, below the elbow.* 

Applied Anatomy.—Venesection is generally performed at the bend of the elbow, and 
as a matter of practice the largest vein in this situation is commonly selected. This is 
usually the vena mediana cubiti (median basilic), and there are anatomical ailvantages 
and disadvantages in selecting this vein. The advantages are, that in addition to its 
being the largest vessel and therefore yielding a greater supply of blood, it is the lea.st 
movable and can lie easily steadied on the bicipital fascia on which it rests. The 
disadvantages are, that it is in close relationship with the brachial artery, separated 
only by the bicipital fascia ; and formerly, .vhen venesection was frequently practised, 
arterio-venous aneurysm was no uncommon result of this practice. 

Intravenous infusion of normal saline solution is very frequently required in modem 
surgery for all conditions of severe shock and after profuse hajinorrhages, the older 
method of transfusion of blood having quite sunk into oblivion. The patient’s arm is 
surrounded by a tight bandage so as to impede the venous return, and a small incision is 
made over the largest, vein visible in front of the elbow ; a double ligature is now passed 
around the vein, and the lower one is tied; the vein is then opened and a canula connected 
with a funnel by tubing and filled with hot saline solution is inserUid. The bandage is 
next removed from the arm, and two, three, or mure pints of fluid are allowed to flow 
into the vein; when a sufficient quantity has gone in, the upper fixture round the vein 
is tied and a stitch put in the skin wound. 

The deep veins of the upper extremity follow the course of tire arteries, 
forming their venae comites. They are generally arranged in pairs, and are 
situated one on either side of the corresponding artery, and connected at 
intervals by short transverse branches. 

Two digital veins accompany each artery along the sides of the fingere : 
these, uniting at the bases of the fingers, pass along the interosseous spaces in 
the palm, and terminate in the tw'O venae coraites wliich accompany the 
superficial palmar arch. Branches from these vessels on the radial side of 
the hand accompany the superficialis volae, and on the ulnar side terminate 
in the deep ulnar veins. The deep ulnar veins, as they pass in front of the 
wrist, communicate with the interosseous and superficial veins, and, at the 

* Consult an article by Herry and Newton, Anatomiteher Anaeiger, Band xxxiii.,.December 
1908. 
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elbow,' unite ■with the deep radial veins to form the venae comites of the 
brachial artery. 

The interosseous veins accompany the anterior and posterior interosseous 
arteries. The anterior interosseous veins commence in front of the wrist, 
where they communicate with the deep radial and ulnar veins ; at the upper 
part of the forearm they receive the posterior interosseous veins, and terminate 
in the venae comites of the ^llnar artery. 

The deep palmar veins accompany the deep palmar arch, being formed 
by tributaries wliich follow the ramifications of that vessel. They com¬ 
municate with the deep ulnar veins at the inner side of the hand, and on the 
outer side terminate in the venm comites of the radial artery. At the wrist, 
they receive a dorsal and a palmar tributary from the thumb, and unite with 
the venaj comites of the radial artery. 

Tliif brachial veins (w. brachiales) an' placed one on either side of the 
brachial artery, receiving tributaries corrosjxmding with the branches given 
off from that vessel; near the lower margin of the Subscapularis, they join the 
axillary vein; tlie iiiiu'r of the two frequently joins the basilic vein. 

These deep veins have numerous anastomoses, not only with each other, 
but also with th«» superficial veins. 

The axillary vein (v. axillaris) is of large size, and is the continuation 
upwards of the basilic vein. It commences at the lower border of the Teres 
major, increases in size as it ascends, by receiving tributaries corresponding 
with the branches of the axillary artery, and terminates immediately beneath 
the clavicle at the outer border of the first rib, whcTO it becomes the subclavian 
vein. This vessel is covered in front by the Pee.ioral muscles and costo- 
coracoid membrane, and lies on the thoracic side of the axillary artery, wdiich 
it partially overlaps. N«'ar the lower margin of tlie Subseajmlaris it receives 
the veme comib's of th(^ brachial art»-ry, and, near its termination, the cephalic 
vein. It is provided with a jiair of valvc'S opposite the lower border of the 
Subscapularis muscle ; valves arc also found at the terminations of the 
cephalic and subseapular veins. 


Applied Anatoaiy.—Since the axillary vein is superficial to and larger than the axillary 
artery, which it overlaps, it is more liable to bo wounded than the artery in tho ojieration 
of extirpation of the axillary glands, especially as these glands, when diseased, are apt <o 
become adherent to it. When it is wounded, there is always a danger of air being drawn 
into its interior, and death resulting. To avoid wounding the axillary vein in tho 
extirpation of glands from the axiUa, it is alwa 3 ’s advisable to expose tho vein os soon 
as possible ; no sh.arp cutting instriimcnts should bo used after the axillary cavity hn-s 
been freely exposed; and care should Imj taken to use no undue force in isolating the 
glands (see page 773). Should the vesin be so imbedded in a malignant deposit that tlio 
latter cannot be removed without taking away a part of the vein, this must bo done after 
the vessel has been ligatured above and below. 


The subclavian vein (v. .sulxdavia), the coutinuatioii of tlie axillary, 
extends from the outer bordei- of the fimt rib to the inner end of the clavicle, 
where it unites with the internal jugular lo form the innominate vein. It is 
in relation, in frwit, with the clavicle and Subelavius muscle; behind and 
above, with the subclavian artery, from which it is separated internally by 
the Scalenus anticus muscle and phrenic nerve. Below, it rests in a depression 
on the first rib and upon the pleura. It is usually provided with a pair of 
valves, whicli are situated about an inoii from its termination. 

The subclavian vein occasionally rises in the neck to a level with the third 
part of the subclavian artery, and in one or two instances has been seen passing 
with this vessel behind the. iScalenus anticus. 

TributarieB.—This vein receives the external jugular vein, sometimes the 
anterior jugular vein, and occasionally a small branch from the cephalic. At 
its angle of junction with the internal jugular, the left subcla'viau vein receives 
tho thoracic duct; while the right subclavian vein receives the right lymphatic 
duct. 

The innominate or brachio-cephalic veins (w. anonym® doxtra et 
sinistra) (fig. 639) are two large trunks, placed one on either side of the root 
of the neck, and formed by the union of the internal jugular and subclavian 
veins of the corresponding side. 
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The right innominate vein is a short vessel, an inch in length, which 
commences at the inner end of the clavicle, and, passing almost vertibally 
downwards, joins with the left innominate vein just below the cartilage of the 
first rib. close to the right border of the sternum. In form the superior vena 
cava. It lies superficial and external to the innominate artery ; on its right 
side is the phrenic nerve, and the pleura is here interposed betw'een it and the 
apex of the lung. This vein, at the angle of junction of the internal jugular 
with the subclavian, receives the right vertebral vein; and, lower down, the 
right internal mammary, right inferior thyroid, and somelimes the right 
superior intercostal veins. 

The left innominate vein, about two and a half inches in length, and 
largei" than tlie right', passes from left to right across the upper part and front 
of tlic che.st, at the same time inclining downwards, to unites w'ith its fellow of 
the opposite side, and form the superior vena cava. It is in relation, in 
front, with the manubrium sterni, from which it is separated by tlie Sterno¬ 
hyoid and Stemo-thyroid muscles, the thymus gland or its remains, and some 
loose areolar tissue. Behind it arc the three large arteii(iS arising'from the 
arch of the aorta, tog(‘thcr with tlu* vagus and phrenic nerves. This vessel is 
joined by the left vertebral, left intirnal mammary, left inferior tliyi'oid, and 
the left superior intercostal veins, and occasionally some thymic and peri¬ 
cardiac veins. There are no valv(>s in the innominate veins. 

Peculiarities .—Sometimes the innominate veins open separately into the right auricle ; 
in such cases the right vein takes the ordinary course of the suiicrior vena cava ; but tho 
left vein —left superior vena cava, as it is termed —after communicating by a Biuall branch 
with the right one, passes in front of tho root of the left lung, and, turning to the back of 
the heart, receives tho cardiac veins, and tewminates in the back of the right auricle. This 
occasional condition in tho adult is due to the persistence of the early fwtal condition, and 
is the normal state of things in birds and some mammalia. 

The internal mammary veins (vv, mammarue interna'), two to each internal 
mammary artery, follow the course of that vcs.sel, and receive tributaries corre- 
Bpoudiug to its branches. Tho twm veins unite into a siiighs trunk, which terminates 
in the corresponding innominate vein. The .superior phrenic vein (i.c. the vein 
accompanying the arteria comes nervi phreuici) usually opens into the internal 
mammary vein. 

Tho inferior thyroid veins (vv. thyrcoidcii* inferiorcs), two, frequently three 
or lour, in number, arise in the venous plexus on the thyroid body, communicating 
with the middle and superior thyroid veins. They form a plexus in front of the 
traelica, behind th«! iSterm)-thyroid muscles, h’rom this plexus, a left vein dcsi'ciids 
and joins the left innominate! trunk, and a right vein pass*‘.s obUepiely downwards 
and outwards across the innominate artery to oj)eu into the right innominate 
vein, just jvt its junction w'ith tlie superior ven.a eava. These veins receive 
a'sophageal, tracheal, and iiiferioj' laryngeal veins, and are provided with valves 
at tlieir termination in the innominate veins. 

Tho superior intercostal veins (right and left) drain the blood from two or 
three of tho intercostal spaces helow^ the first. The rujlit vein (w intcrcostalis 
suprema dextra) pa.sses downwards and inwards and opens into the vena azygos 
major ; the left (v. intcrcostalis suprema sinistra) runs across the arch of the aorta 
ami opens into the left innominate vein. It usually receives the left lironchial 
and left superior phrenic vein, and coiunmnicates below with the vena azygos 
minor superior. TJie vein from the first intercostal space opens directly into the 
corresponding vertebral or innominate vein. 

The vena cava superior receivi^s Ihc blood which is conveyed to the heart 
from the wdiole of the ujipc'r half of the body. It is a, short trunk, varying 
from two inches and a half to three inches in length, formed by the junction 
of the two mnominate veins. It commences immediately below the cartilage 
of the first rib close to the sternum on the right side, and, descending vertically, 
enters the pericardium about an inch and a half above tho heart, and terminates 
in the upper part of the right auricle opposite the upper border of the third 
right costal cartilage. In its courae it describes a slight curve, the convexity 
of which is to the right side. 

Belations.— In front, it is in relation w'ith the pericardium and the process 
of cervical fascia which is continuous with that sac ; these separate it from the 
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thymus gland, and from the second and tliird costal cartilages ; behind, with the 
root'of the right lung. On its right side, it is in relation with the phrenic nerve 

Pio. 0.30.—The vena' cav.f and azygos veins, with their formative branches. 



and right pleura; on its left side, with the commencement of the innominate 
artery and the ascending part of the aorta, the latter overlapping it. Just before it 
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enters the pericardium, it receives the vena azygos major and several small veins 
from the pericardium and parts in the mediastinum. The portion contained 
within the pericardium is covered, in front and laterally, by the serous layer of 
that membrane. The superior vena cava has no valves. 

The azygos veins (fig. 639) are three in number; they collect the blood 
from the majority of the intercostal spaces, and connect the superior and 
inferior venae cavae. 

The vena azygos major (v. azygos) commences opposite the first or 
second lumbar vertebra, by a branch, tlie ascending lumbar vein (v. lumbalis 
ascondens) connecting the right lumbar veins; sometimes by a branch from the 
right renal vein, or from the inferior vena cava. It entci's the thorax tlu’ough 
the aortic opening in the Diaphragm, and passes along the right side of the 
vertebral column to the feurth thoraieic vertebra, where it arches forward over 
the root of the right lung, and terminates in the superior vena cava, just before 
that vessel enters the pericardium. While passing tlirough the aortic opening, 
it lies with the thoracic duet on the right side of the aorta; and in the thorax 
it lies upon tlic intercostal arteries, on the right side of- the aorta and thoracic 
duct, and is jiartly covered by pleura. 

Tributaries.—Jt receives the subcostal vein and the lowcsr ten intercostal veins 
of the right side, the upper two or throe of these latter opening first of all into 
the right supisrior intercostal vein. It receives the azygos minor veins, several 
oesophageal, mediastinal, and pericardial veins; near its termination, the right 
bronchial vein ; and generally the right superior intercostal vein. A few imperfect 
valves are found in this vein; but its tributaries arc provided with complete 
valves. 

The intercostal veins on the left side, below the three uppei’ intercostal 
8})accs, usually form two trunks, named vena azygos minor inferior and vena 
azygos minor superior. 

The vena azygos minor inferior (v. hcmiazygo.s) commencesinthclurnbar 
region, by a branch (ascending lumbar) connecting the lumbar veins or by a 
branch from the left renal. It enters the thorax, through the h'ft crus of tl«* 
Diaphragm, and, ascending on tlu; left side of the vertebral column, as high 
as the ninth thoracic ^•ertcbra, passes across the column, behind the aorta, 
oesophagus, and thoracic dinst, to terminate in the vena azygos major. It 
receives the low'er four or five intercostal veuns and the subcostal vein of the 
left side, and somejnsophageal and mediastinal veins. 

The vena azygos minor superior (v. hemiazygos accessm-ia) varies 
inversely in size with the left sup<u-ior intercostal. It receives veins from the 
inh'rcostal spaces between tlu! left superior intercostal vi'in and highest tributary 
of the left lower azygos. Th(*y are usually three or four in number, and join 
to form a trunk whudi (‘ither crosses the body of tlu; eighth thoracic vertebra 
to join the vena azygos major or ends in tlu* vena azygos minor suj)crior. 
When this vein is small, or altogether wanting, the left superior intercostal 
vein will ext('nd as low as the fiftli or sixth intercostal space. It sometimes 
r()ceives the left bronchial vein. 

Aj)pUcd AnaUrmy. —In obstruction of the inferior vena cava, the (izygos veins are one 
of the x>nncipal means by which the venous circulation is carried on, connecting as they 
do the superior and inferior vena3 cav®, and communicating with the common iliac veins by 
the ascending lumbar veins and witkjuany-Ql the tributaries of tb() inferiOT veria cava. 

Thrombosis of the superior vena cava is oftenesl due to pressure exerted on the vessel 
by an aneurysm or a tumour; it may also occur by propagation of clotting from a 
tributary periplieral vein. If occlusion of the vessel take place slowly, a collateral venous 
circulation may be established; the patient will have some oedema with dilatation and 
congestion of the vciins about the head and neck, and may also suffer from attacks of 
dyspnoea and recurremt pleural effusion. In most cases, however, the blockage of the 
superior cavu takes place rapidly, and is rapidly fatal. 

The bronchial veins (vv. bronchiales) return the blood from the larger brouehi, 
and ffom the structures at the roots of the lungs ; that of the right side opens into 
the vena azygos major, near its termination ; that of the left side, into the left 
superior intercostal vein or vena azygos minor superior. A considerable quantity 
of the blood which is carried to the lungs through the bronchial arteries is returned 
to the left side of the heart through the pulmonary veins. 
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The Spinal Veins (figs. 640, 641) 

The spinal veins may be arranged into four groups, viz.: 

1. The extra-spinal veins. 

2. The intra-spinal veins, between the vertebrae and the dura mater. 

.3. The veins «»f the bodies of the vertebrae. 

4. The veins of the spinal cord. 

1. The extra-spinal veins form an anterior and a posterior spinal plexus. 

The anterior spinal plexus (plexus venosi vertebrales anteriores) is situated on 
the frojit of the bodies of the vertebra), and is best marked in the cei’vical region. 
It consists of relatively small 
vessels, which anastomose with 
the i'itra.spinal veins and the 
veins from the bodies of the 
vertebrsB, and open into the deep 
cervical, intercostal, lumbar, and 
lateral sacral veins in the re¬ 
spective regions of tlu‘ vertebral 
column. 

I’hc posterior spinal plexus 
(plexus venosi vertebrales pos- 
tcriores) receives tril)utaries from 
the integun)ent of the back and 
from the muscles in the vertebral 
grooves. It forms a complicated 
network, which surrounds the 
spinous processes, the lamiriic, 
and the transverse and articular 
processes of all the vertebra). 

It communicat(‘K with the intra- 
spinal veins by branches which 
jierforate the ligamenta subflava 
and others which pass through 
the intervertebral foramina. It 
terminates by joining the ver¬ 
tebral veins in the neck, the intercostal veins in the thorax, and the lumbar and 
sacral veins in the loins and pelvis. 

2. The intra-spinal veins (vv. spinales intt'rnae) are situated between the dura 
mater and the vertebra'. They consist of two longitudinal plexuses, one of which 
runs along the posterior surfaces of the bodi's of the vcrtcbrie {anterior longitudinal 

spinal veins) ; the other [posterior 
longitudinal spinal veins) is 
})laced on the inner or anterior 
surfaces of the lamina) of the 
N'crtcbra'. 

The anterior longitudinal 
spinal veins consist of two large, 
tortuous veins, which extend 
from the foramen magnum to 
the base of the coccyx, being 
placed one on either side of the 
posterior surface of the bodies 
of the vertebra), along the mar¬ 
gin of the po.stcrior common 
ligament. They communicate 
through the foramen magnum 
with the basilar and occipital 
sinuses, and give off branches 
which unite above the atlas to form the commencement of the vertebral vein. They 
also communicate with one another opposite each vertebra by a transverse trunk, 
which passes beneath the posterior common ligament; these transverse branches 
receive the venop hasivert^ales from the interior of the vertebral bodies. The 
anterior longitudinal spinal veins are least developed in the cervical and sacral 


FiO. 64J.—^Vertical seotion of tv \'0 tJiuraoic 
vi'i'tcbra). allowing the spinal veins. 



Fio. 640.—Transverse section of a thoracic 
vertebra, showing the spinal veins. 

exterior xinniil jilr-tus 
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regions. They are not of uniform size throughout, being altemsttely felkrged 
and constrictedt At the intervertebral foramina they communicate'*vrith'■ the 
posterior spinal plexus, and with the vertebral veins in the neck, with ’the 
intercostal veins in the thoracic region, and with the lumbar and sacral veins in 
the corresponding regions. ■ • 

V The posterior longitudinal spinal veins, sinallcr than the anterior, are situated 
one on either side, between the inner surfaces of the, laminas and the dura mater. 
They communicate (like the anterior), opposite the vertebra), by transverse trunks ; 
and w’ith the anterior longitudinal ^•eills, l)y lateral transverse branches, which 
pass from behind forwards. They join with the posterior 8j)inal plexus by branches 
which perforate the ligamcnta siibtiuva, and communicate through the inter\'crte- 
bral foramina with the vertebral, intercostal, lumbar, and sacral veins. 

3. The veinfl of the bodies of the vertebra (vv. basivertebrales) emerge from 
the foramina on the posterior surfaces of the vertebral bodies. They are contained 
in large, tortuous channels in the substance of the bones, similar in every respect 
to those found in the diploi- of the cranial bones. They communicate through 
small openings oji the front and sides of the bodies of the vertebrse with the anterior 
spinal plexus, and converge to the pihicipal canal which is sometimes double 
towards its posterior part, and o})en into the transverse branches which unite the 
anterior longitudinal veins. I'hey become greatly enlarged in advanced age. 

4. The veins of the spinal cord are situated in the pia maier and form a 
minute, tortuous, venous plexus covering the entire surface of the cord. They 
emerge chiefly from the median furrow's of the cord and arc largest in the lumbar 
region. In this plexus tlu're arc : (1) two median longitudinal veins, one in front 
of the anterior fiss\ir(‘, and the other behind the posterior fissure of the cord; 
and (2) four lateral longitudinal veins which run beliind the nerve-roots. Near 
the. base of the skull they unite, anil form two or three small trunks, which com¬ 
municate with the vertebral veins, and then terminate in the inferior cerebellar 
veins, or in the inferior petrosal sinuses. Each of the spinal nerves is accompanied 
by a branch as far as the intervertebral foramen ; here this branch joins the other 
veins from the spinal canal. 

Tlu're are, no valves in tin* spinal veins. 


VEINS OF TEE LO^^'EH EXTUEMIT’Y, 


ABDOMEN, AND BELMS 


The veins of the lower extremity arc subdivided, like those of the upper, 
into two sets, supi'rficial and deep ; the superficial veins are placed beneath 
the integument, betw'cen the tw o layers of superficial fascia; the de(*p veins 
accompany the arteries, and form the veme comiles of those vessels. Both 
sets of veins are provided with valves, which are more, numerous in the 
deep than in the superficial set. A'alves are .also more numerous in the veins 
of the lower than in those of the ujjper limb. 

The superficial veins of the lower extremity arc the internal or long 
saphe)ious, and the external or short sapherwus. 

On the dorsum of the foot is a venous arch (arcus venosus dorsalis pedis), 
situated in the superficial fascia over the anterior cxtremitiei of the metatarsal 
bones. Its convexity is directed forwards, and receives the veins from the 
upper surfaces of the toes ; at its concavity it is joined by numerous small 
veins, which form a plexus on the dorsum of the foot. The arch terminates 
internally in the long saphenous, externally in the short saphenous vein. 

'rhe internal or long saphenous vein (v. saphena magna) (fig. 642) com- 
menet's at tlie inner side of tlie venous arch on the dorsum of the foot; it ascends 
in front of the inner malleolus, and along the inner side of the log, behind the 
inner margin of the tibia, in relation with the internal saphenous nerve. At 
the knee, it jiasses behind the inner condyle of the femur, ascends along the 
inside of the thigh, and, passing through the saphenous opening in the fascia 
hita, terminates in tliV femoral vein about an inch and a half below Poupart’s 
ligament. It receives in its course cutaneous tributaries from the leg and thigh, 
and at the saphenous opening (fig. 643) the superficial epigastric, superficial 
circumflex iliac, and superficial external pudic veins. The veins from the inner 
and back ..part of the thigh frequently unite to form a large vessel (v. saphena 
accessoria) which enters the main trunk near the saphenous opening ; and 
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som^iinee t^ose on the outer side of the thigh join to form another large 
verael ,%8o'that occasionally three large veins are seen converging from different 
parts of the thigh towards the saphenous opening. The internal saphenous 
vein communicates in the foot with 


Fig. 642.—1’he internal or long saphenous 
vein and its tributaries. 


.the ihternffll plantar vein ; in the leg, 

■with the posterior tibial veins, by 
branches; which perforate the tibial 
origin of the Soleus muscle, and also 
with the anterior tibial veins ; at the 
knee, with the articular veins ; in the 
thigh, with the femoral vein by one 
or more branches. The valves in this 
vein vary from ten to twenty in 
number; they are moi’e numerous in 
the thigh than in the leg. • 

The external or short saphen¬ 
ous vein (v. saplu'na parva) (fig. 644) 
commences at the outer side of the 
venous arch on the donsum of the 
foot; it ascends behind the outer 
malleolus, and along the outer border 
of the tendo Aehillis, ixcross whieli it 
posses to reach the middle line of tlie 
posterior aspect of the leg. Running 
directly upwards, it perforates the 
deep fascia in the lower pait of the 
popliteal space, and tcirminates in the 
popliteal vein, between the heads of 
the Gastrocnemius muscle. It lecif'ives 
numerous large tributaries from the 
back part of the leg, and (jommuni- 
cates with the deep veins on tin; 
dorsum of the foot, and Ix^hind the 
outer malleolus. Before it j)erforal('s 
the deep fascia, it gives off a e.om- 
niunicating branch, which ])asses 
upwards and inwards to join the 
internal saphenous vein. The external 
saphenous vein contains from nine to 
twelve valves, one of wliicli is always 
found near its termination in the 
popliteal vein. The external saphenous 
niTve lies close beside this vein. 

Applied Anatomy .—A varicose condition 
of the saphenous veins is more frequently 
met with than in the other veins of the 
body, except perhajjs the s[)ermatic and 
htemorrhoidal veins. The main cause of 
this is the high blood-pressure, determined 
chiefly by the erect position, and the length 
of the column of blood, which has to be 
propelled in an uphill direction. In 
normal vessels there is only just sufficient 
force to perform this task ; and in those 
oases where there is diminished resistance 
of the walls of the veins, these vessels 
are liable to dilate and a varicose con¬ 
dition is set up. This diminished resistance 
may be due to heredity, the vein-walls 
being congenitally weak, or it may follow 
inflammatoiv conditions of the vessels. 

Increased blood pressure in the veins, caused by any obstacle to the return of the 
venous blood, such as the pressure of a tumour, or the gravid uterus, or tight go^rii^, 
may also produce variz. In the normal condition of the veins, the valves in their interior 
Inreak up the column of blood into a number of smaller oolumns, and so to a considerable 
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ejctent mitigate the ill effects of the erect position ; but when the dilatation of the veins 
‘Jias roaohed'a certain limit, the valves become incapable of supporting the overlying 
column of blood,,and the pressure is increased, tending to emphasise also the varicose 
condition. Both the saphenous veins in the leg are accompanied by nerves, the internal 
saphenous being jbined by its companion nerve just below the level of the knee-joint. 
No doubt much of the pain of varicose veins in the leg is due to this fact. 

Operations for tlie relief of varicose veins are frequently required, portions of the veins 
, being removed after having been ligatured above and below. It is important to note 

* h’lo. 643.—The internal saphenous vein and its tributaries at the 
* ' saphenous opening. 



whether the main varicose area drains into the internal or the external saphenous vein— 
the former condition being much tlie more common—and to controWhe venous return by 
removing a small portion of the main trunk just before it opens into the deep vein by 
passing through the deep ftiscia ; thus in most castss a piece should be removed from the 
internal saphenous just before it passes through the saphenous opening, and in addition 
the affected veins should be excise just above and just below the level of the knee-joint. 
In other eastis the external saphenous will have to be dealt with immediately below the 
point where it pierces the fascial roof of the popliteal space. 

The deep veins of the lower extremity accompany the arteries and 
their branches, and arc eailed tlie veitce comites of those vessels. 

The external and internal plantar veins unite to form the {posterior 
tibia! veins (w. tibiales posteriorcs), which accompany the posterior tibiol 
artery, and are joined by the peroneal veins (vv. peronasas). 

The anterior tibial veins (w. tibiales antoriores) are the upward con¬ 
tinuations of the venae comites of the dorsalis pedis artery. They leave the 
front of the leg by passing between the tibia and fibula, over the interosseous 
membrai^ and form, by their junction with the posterior tibial, the 
popliteal vein. 
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The valves in the deep veins are very numerous. ^ 

The popliteal vein (v. poplitea) is formed by the junction of the venaj 
comites of the anterior and posterior tibial arteries at the lowet border of the 
Popliteus muscle; it ascends through the popliteal space 4o the tendfnous. 
aperture in the Adductor magnus, where it becomes the'femoral vein. In • 
the lower part of its course it is placed internal to the artery ; between the 
heads of the Gastrocnemius it is superficial to that vessel; but above the ' 
knee-joint, it is close to its outer side. It receives tributaries corresponding 
to the branches of the popliteal artery, and it also receives the' external 
saphenous vein. The valves in tliis vein are usually four in number. * 

The femoral vein (v. femoralis) accompanies 
the femoral artery through the upper two-thirds Pig. 644.—External or short 
of the thigh. In the lower part of its course saphenous vein, 

it lies (external to the artery ; higher up, it is 
behind it; and at Poupart’s ligament, it lies to 
its inner side, and on the same plane. It 
receives numerous muscular tributaries, and 
about an inch and a half below Poupart’s liga¬ 
ment it is joined by the profunda femoris: nf'ai- 
its termination il is joined by the internal 
saphenous vein. Tlie valves in the femoral vein 
are three in nunda'i’. 

The proluniht femoris m'.t{v. profunda femoris) 
receives tributaries corresponding to th(^ jnM- 
foratiiig branches of the profunda artery, and 
through these establishes communications with th«i 
popliteal vein below and the sciatic vein above. 

It also receives the internal and external circumflex 
veins. 

The external iliac vein (v. ilioca cxt*‘rna) 

(fig. 645) commences at the termination of tlio 
femoral, beneath Poupart’s ligament, and, passing 
upwards along the brim of the pelvis, terminates 
opposite the sacro-iliac articulation, by uniting 
with the internal iliac to form the common iliac 
vein. On the right side, it lies at first along the 
inner side of the external iliac artery ; but, as it 
te. passes upwards, gradually inclines behind it. On 
the left side, it lies altogether on the iimer side 
of the artery. It receives, immediately above 
Poupart’s ligament, the deep (‘pigastric and det'p 
circumflex iliac veins, and a small pubic vein 
corresponding to the pubic branch of the 
obturator artery. It frequently (lontains one, 
sometimes two, valves. 

Tributaries.—The external iliac vein receives 
the deep epigastric, deep circumfi<!x iliac, and 
pubic veins. 

The deep epig^astric vein (v. epigastrica inferior) 
is formed by the union of the venae comites of Ihe 
deep epigastric artery, which communicate above 

with the superior epigastric vein ; it joins the external iliac about half an inch 
above Poupart’s ligament. 

The deep circumflex iliac vein (v. circumflexa ilium profunda) is formed by the 
union of the venae comites of the deep circumflex iliac artery, and joins the external 
iliac vein about three-quarters of an inch above Poupart’s ligament. 

The jmhic vein communicates with the obturator vein in the thyroid foramen, 
and ascends on the back of the pubis to the external iliac vein. 

The internal iliac vein (v. hypoga«trica) (fig. 646) commences near the 
upper part of the great sacro-sciatic foramen, passes upwards behind 
and slightly to the inner side of the internal iliac artery and, at the brim 
of the pelvis, join® with the external iliac to form the ooni|non iliac 
vein. * 

3c2 
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Tributaries.—With the exception of the foetal umbilical vein which passes 
upwards and backwards from the umbilicus to the liver, and the ilio-lnmbar vein 
which usually joins the common iliac vein, the tributaries of the internal iliac 
vein correspond with the branches of the internal iliac artery. It receives Jl^a) the 
gluteal, sciat ic, internal pud ic, and o btura tor veins, which have their origins 
outside the pelvis latera l sacraLmns, which lie in front of the sacrum ; 

and (c ) the mi ddle hjc morrho i^ai, vesical, u terine, and vaginal veins , which originate 
in venous plexuses connected witli the pelvic viscera. 

1. Tlie gluteal veins (vv. glutaste superiores) or v<uisd comites of the gluteal arterj^, 
receive tributaries from the buttock corresponding with the branches of the artery ; 


Fra. 645.—The veins of the right half of the male pelvis. (Spalteholz.) 
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they enter t he pelvis through the great sacro-sciatic foramen, above the pyrifonnis, 
and frequently unite before ending in the internal iliac vein. 

2. The sciatic veins (vv. glutese inferiores) or ven® comites of the sciatic artery 
begin on the up])cr part of the back of the thigh, where they anastomose with the 
internal circurafl<!x and first perforating veins. They enter the pelvis through 
the lower part of the sacro-sciatic foramen and join to form a single stem which 
opens into the low'er part of the internal iliac vein. 

3. The internal pudio veins (w. pudendae internte) are the venae comites of the 
internal pudic artery. They commence in the veins which issue from the corpus 
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cavernosura, accompany the internal pudic artery, and unite to form a single 
vessel, which ends in the internal iliac vein. They receive the veins friijm the 
bulb of the urethra, and the superficial perineal and inferior haemorrhoidal veins 
(vv. hajinoiThoidales inferioros). The deep dorsal vein of the penis communicates 
with the internal pudic veins, but ends mainly in the vesico-prostatic venous 
plexus. 

4. The obturator vein (v. obturatoria) begins in the upper portion of the adductor 
region of the thigh and enters the pelvis through the anterior part of the obturator 
foramen. It runs backwards and upwards on the lateral wall of the pelvis below 
the obturator artery, and then passes between the ureter and the internal iliac 
artery, to end in the internal iliac vein. 

5. The lateral sacral veins (vv. sacrales latcralos) acc;ompany the lateral sacral 
arteries on the anterior surface of the sacrum and terminate in the internal iliac 
vein. 

■ fi. 'I’he middle haemorrhoidal vein (v. Inemorrhoidalis media) takcji origm in the 
hfctnorrhoidal plexus and receives tributari(*s fiom the bladder, prostate gland, 
and seminal vesicle: it runs outwards on the pelvic surface of the Levator ani to 
end in the internal iliac, vein. 

Tli(‘ hamorrhoidal plexus surronntls tlic rectum, and communicuites in 
front with tlic vesico-prijstatio phixus in the male, and the utero-vaginal plexus 
in the female. It consists of twf) parts, an iulcnud in Ihc subrnucosa, and 
an (.xlermtl outside the muscular coat. Below, the internal plexus presents a 
series of dilated )>oiiches which art^ arranged in a eirchi around the tube 
immediately above the anal orifice and ar<! connected by transverse branches. 

Tlic lowmr part of the external plexus is drained by the inferior hasmor- 
r boid al veins into the internal pudic ; its middle part.H&y the mi ddle 
hapTiioVriroidar yem whKdrjolhs the Internal iliiwr; and its upper part'"by CTie 
superior haein orrlioidal vein which forms the eorameneoment of the inferior 
mesenteri(Pverri7~a ~fnbiltary~6r th*"'portal vein. A. free communicatioh 
between-lEe portal and-systemic venous systems is established through the 
litemorrhoidal plexus. 

The vesico-prostatic plexus surrounds the j)rostate gland and the neck 
of the bladder, and lies partly in tht‘ fascial sheath of the prostate and partly 
betw'een the sheath and the capsule of the gland. In front it receives the deep 
dorsal vein of the penis ; behind, it lionirnunicates with the baeinorrhoidal 
and vesical jdexuses, and derives tributaries from the vasa deforentia and 
vesiculae seminales. It is di-ained into th(i internal iliac veins by one or more 
vessels on either side. The coixesponding phfxus in the female is named the 
vesico-vayimil. 

Tlie vesical plexus lie's on the muscular coat of the bladder, and is 
best marked towards the base and sides of the viscus ; it drains into the 
v. sico-prostatic plexus. 

Applied Amdnmy. —The veins of tlie hicmorrhoidal plexus are apt to become dilated 
and varicose, and form piles. This is due to several anatomical reasons: the vessels are 
contained in very loose, lax connective tissue, so that they get loss support from 
surrounding structures than most other veins, and are less capable of resisting increased 
blood pressimi; the fiondilion is favoured by gravitation, being influenced by the erect 
posture, either sitting or standing, and by the fact that the superior hsemorrhoidal and 
portal veins have no valves ; the veins pass tlirough muscular tissue and are liable to bo 
compressed by its contraction, especially during the act of defecation; they aro affected 
by every form of portal obstruction. 

The prostatic plexus of veins is apt to become congested in many inflammatory 
conditions in the neighbourhood, such as acute gonorrh<t!al prostatitis. It is owing to the 
free communication which exists between this and the middle hemorrhoidal plexria that 
great relief can be given by free saline purgation. 

Hemorrhage may bo very free from the prostatic plexus after operations on that gland, 
but con usually be checked by hot fluid irrigation. Septic thrombosis sometimes occurs 
after operations, and infected emboli may find their way into the general circulation. 

The dorsal vems of the penis are two in number, a superficial and a deep. The 
superficial vein drains the prepuce and skill of the penis, and, running backw'aidsin 
the subcutaneous tissue, inclines to the right or left, and opens into the corresponding 
superficial external pudic vein, a tributary of the internal or long saphenous 
vein. The deep vein receives the blood from the glans penis and corpora cavernosa : 
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it oourseB badcwaifds in tHe middle Hne^between the dorsid 
the deep fascia, and near the root of the penis passes between the two of'^e 
suspensory ligament and then through an aperture between the subpubic lament 
and the triangular ligament of the urethra, and divides into two branches, which 
enter the prostatic plexus. The deep vein also communicates below the symphysis 
pubis with the internal pudic vein. 

The uterine plexuses lie along the sides .and superior angles of the uterus 
between the two layers of the broad ligament, and communicate with the 
ovarian and vaginal plexuses. They are drained by a pair of uterine veins 
on either side : these arise from the lower part of the plexuses, opposite the 
os uteri externum, and open into the eorresponding internal iliac vein. 

The vaginal plexuses are placed at the sides of the vagina; they 
communicate with the. uterine, vesiccal, and li^emorrhoidal plexuses, and are 
drained by the vaginal veins, ones on either side, into the internal iliac veins. 

The common iliac veins are forrtmd by the union of the external and 
internal iliac veins in front of the sacr«)-iliac articulation ; passing obliquely 
upwards towards the right side, they terminate upon the fifth lumbar vertebra, 
by uniting with each other at an acute angle to form the inferior vena cava. 
The right comvum iliac (v. iliaca communis dextra) is shorter than tlic left, 
nearly vertictal in its direction, and jiseeiiids behind and then to the outer 
sid(i of its corresponding artery. The left commem iliac (v. iliaca communis 
sinistra) , loiigei- than the right and more oblique in its course, is at first situated 
on the iniu'r side of tJie corresponding artery, and then behind the right 
common iliac. Each common iliac receives the ilio-lurnbar, and sometimes 
the lateral sacral veins. The left r(‘.ceivcs, in addition, the middle sacral vein. 
No valves are found in these veins. 

The middle sacral veins accompany the corresponding artery alojig the front 
of the sacrum, and join to form a single vein (v. sacralis media), which tenpuiates 
in the left common iliac vein ; sometimes in the angle of junction of the two iliac 
veins, 

PecidiaritieH .—The left common iJiac vein, instead of joining with the right in its 
usual position, occa-sionally ascends on .the left side of tlie aorta as high as the kidney, 
where, after receiving the left renal vein, it crosses over tJie aorta, and then joins with tlio 
right vein to fonn the vena cava. In tliese cases, the two common iliacs are connected 
by a small communicating branch at tlie spot where they are usually united.* 

The vena cava inferior (tig, 639) rclurns to the heart the blood from all 
the parts below' the J.)iaphragm. It is formed by the 'junction of the tw'O 
common iliacs, on the right side of the fifth lumbar vertebra. It passes 
upwards along the front of tlie vertebral column, on the right side of the aorta, 
and, having reached the liver, is contained in a groove on its posterior surface. 
It then perforates the Diaphragm between the mesial and right portions of its 
central tendon ; it subsequently inclines forwards and inwards for about an 
inch, and, piercing the fibrous pericardium, passes behind the serous peri¬ 
cardium to open into the low'er and back part of the right auricle. In front 
of its auricular orifice is a semilunar valve, termed the mlve Eustachius ; 
tliis is rudimentary in the adult, but is of large size and exertiises an important 
function in the fentus. 

Relations.—The abdominal portion of the inferior vena cava is in relation' 
in front, from -bidow' upwards, with the mesentery, right spermatic artery, trans¬ 
verse portion of the duodenum, the pancreas, portal vein, and the posterior surface 
of the liver, w'hich partly and occasionally completely surrounds it; behind, with 
the ycrtebial (;olumn, the right Psoas muscle, the right crus of the Diaphragm, 
the right renal and lumbar arteries, right semilunar ganglion, and the inner part 
of the right 8U])raivnal l)ody ; on the right side, with the right kidney and ureter ; 
on the left side, with the aoita. 

The thoracic portion is only about an inch in length, and is situated partly 
inside and partly outside the pericardial sac. The eaira-pencardial part is separated 
from the right pleura and lung by a fibrous band, named the right phreniccr 
pericardiac hganicrd of Teutlcbcn. This ligament, often feebly marked, is attached 

♦ See two cases which have l>oeii doscribert by Walsham in the St. liartholomew'» Hospital 
Jieportg, vols. xvi. and xvii. 
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to the pericardium in front of and beUnd the root of the ri^t lung. ‘ The' 
itUr a-pericardiac part is very short, and is covered antero-laterally by the serous 
layer of the pericardium. 

Peculiarities .— In posUion. —This vessel is sometimes placed on the left side of the 
aorta, os liigh as the left renal vein, after receiving which it crosses over to its usual position 
on the right side ; or it may bo placed altogether on the left side of the aorta, as far 
upwards as its termination in the heart: in such cases, the abdominal and thoraoio 
viscera, together with the groat vessels, are all transposed. 

Point of termination. —Occasionally the inferior vena cava joins the right azygos vein, 
whit-h is then of largo size. Tn such cases, the superior vena cava receives the whole of 
the blood from the body before transmitting it to the right auricle, except the blood from 
the he]iatie veins, which passes directly into the right auricle. 

.Ipplied Anatomy. —Thromlwsis of the inferior vena cava is due to much the some 
CM uses as that of the bupenor'Csoe'page 750). It usually causes u'dema of the legs and 
hack, without a.sf-ites ; it the renal veins are invidved, blood and albumin will often appear 
in the urine. An extensive collateral venous circulation is soon established by enlargement 
cithei’ of the superficial or of the rleep veins, or of both. In the first ease the o piggstric. the 
eireuniHex iliac, the long thoracic, jthe internal mammary, the intercostals, the external 
piulie, and the hrmbo-vertebral anastomotic veins of Braunc effect the communication 
with the bupenor cava ; in the second, the.deop in astomnsis is iimdo by the azygos and 
lipiuiazygos and (lie lumbar veins.* 

Tributaries. —Tt ri'ccivos in its course the following veins : 

Lunihar. Ifcnal. Infeiior phrenic. 

Right spermatic, or ovarian. Suprarenal. llcjiatic. 

Tlic lumbar veins (vv. hunhales), four in number on each side, collect 
the lilood by dorsal triliutaries from th(‘ muscles and integument of the loins, 
and by abdominal tributaries from the walls of the abdomen, where they 
eommuiiicate with the ejiigastric veins. At the vertebral epluinn, they receive 
veins from the spinal plexuses, and then pass forwards, round the sides of the 
bodies of the vertebral, beneaf li the Psoas magnus, and terminate in the hack 
part of the inferior eava. The hit lumbar veins are longer than the right, and 
))ass behind the aorta. The lumbar veins are eonneeted together by a longi¬ 
tudinal vein which passes in front of the transverse processes of the lumbar 
vertebrip, and is called the a.-tcending lumhur. It forms the most frequent 
origin of the eorresiionding vena azygos, and serves to connect the common 
iliac, iiio-lumbar, lumbar, and azygos veins of ifs owm side of the body. 

The spermatic veins (w. spermatiesp) emeige from the back of the 
testis, and receive tributaries from the i pididymis ; they unite and form a 
convoluted ]ilexus, calh'd the spermatic plexus (plexus pampiniformis), which 
constitutes thi* greater mass of tlic cord : the vessels comiMising this plexus 
are very numerous, and ascend along the cortl, in front of the vas deferens. 
Below the external abdominal ring they unite to form three or four veins, 
whieh pass along the inguinal canal, and, entering vlie abdomen througli the 
internal abdominal ring, coalesce to form two veins, which ascend on the 
Psoa^t muscle, behind the peritoneum, lying one dh cither side of the spermatic 
artery. These unite to form a single vein, w hich opens on the right side into 
the inferior vena cava, at an acute angle ; on the left side into the left renal 
vein, at a right angle. Tlie spermatic veins are provided with valves.t The 
left spermatic vein passes behind the iliac colon, and is thus exposed to pressure 
from tlie contents of that part of the bowel. 

Applied AruUomy. —The spermatic veins are very frequently varicose, constituting tho 
condition known os mricpcele. Though it is quite possible that the originating cause 
of this affection may ho a congenital weakness of the walls of the veins of tho pampiniform 
plexus, still it must bo admitted that there are many anatomical reasons why those veins 
should become varicose: viz. the imperfect support afforded to them by the loose 
tissue of the scrotum ; their groat length ; thoir vertical course ; their dependent position ; 

* G. Blunter, in Osier and McOiae’s uj Afedieine, Londnu, lUOK, vi.l. iv. 

f Hivingtoii has |iuiiited out that \al\cs are usually found at the orifices of lioth tlic light 
and loft spermatic veins. When uo valves exist at the opening of the IcH spcimafic vein into 
the left renal vein, valves i re generally pn-sent in tho left renal vein within a quarter ot an 
inch from the orifice of the spermatic Journal of Anatomy aetd Physiology, vol. vii. p. 163. 
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their pleiiform arrangement in the scrotum, with their termination in one small vein in 
the abdomen ; their few and imjierfeot valves ; and the fact that they may be subjected 
to pressure in their passage through the abdominal wall. Yarioocele alm ost invaria bly 
^occurs on the left-side, and this has been accounted for by the facts that gi elofi sp ermaffi'' 
^ein joins the left renal a.t a right angle ^hat it is JfeiV 

wKen this portion of the gut" is full of taBcal matter, in cases of constipation, ite wei^F 
Impedes the return of the venous blood ; and that the left spermatic veins are somewnol 
longer than the right. 

The operation for the removal of a varicocele consists in making a small incision just 
over the external abdominal ring and passing an aneurysm needle round the mass of veins, 
taking care that the vas deferens is not included. The veins are isolated from the vas and 
ligatured above and below, as high and as low a.s possible, and the intermediate portion 
cut away; the divided ends arc fixed together with a suture, and the skin wound closed. 

The ovarian veins (w. ovarica") correspond with the spermatic in the 
male ; they form a plexus in the broad ligament n(>ar the ovary and Fallopian 
tube, and communicate with the uterhie plexus. They terminate in the same 
way as the spermatic; veins in the male. Valves are occasionally found in 
these veins. Like the utc*rine veins, tlioy become much enlarged during 
pregnancy. 

The renal veins (w. renalcs) are of large size;, and placed in front of the 
renal arteries. The left is longer than the right, .and passes in front of the 
aorta, just below the origin of the superior mesentf;i-ic artery. It ivccivcs 
the left spermatic, the left inferior phrenie, and, generally, the left suprarenal 
veins. It opens into the vena cava at a .sliglifly higher level than the right. 

The suprarenal veins (vv. supr.arenales) arc two in number ; the right 
terminates in the vena cava ; the. left, in the loft renal or phrenic vein. 

The inferior phrenic veins (vv. phrenicic inferiores) follow the course of 
th(; phrenic arteries ; the right ends in tin; inferior vena cava, the left iji the 
left renal vein. 

The hepatic veins (vv. hepatiem) commence in the substance of tl)e 
liver, in the capillaiy terminations of tlie port<al vein and hepatic artery, and 
consist of two groups, upper and lower. The; upper group is usually" made 
up of three large veins, whicJi converge towards the ])osterior surface* of tlie 
liver, and open into the inferior vena cava, while tliat vessel is situated in 
the groove on tlie back part of the liver. 'I’lic veins of the lower group varv in 
iiumher, and are of small size ; they come from the right and Spigelian lobes. 
The hepatic veins run singly, and are in direct contact with the hepatic tissue. 
They are destitute of valves. 

Portal System of Veins (fig. 646) 

The portal system includes all the veins which drain the blood fi'om the 
abdominal part of the alimentary canal (with the exception of the lower part 
of the rectum) and from the spleen, pancreas, and gall bladder. From those 
viscera the blood is conveyed to the liver by the portal vein. In the substance 
of the liver the portal vein ramifies like an artery and terminates in the portal 
capillaries, from which the blood is conveyed to the inferior vena cava by 
the liepatic veins. From this it will be seen that the blood of,the portal system 
passes through two sets of capillary vessels, viz. (a) the capillaries of the 
alimentary canal, spleen, pancreas, and gall bladder; and (6) the portal 
capillaries in the substance of the liver. The portal vein and its tributaries 
are destitute of valves. 

The portal vein (vena portae) is about three inches in length, and is formed 
at tlic level of the second lumbar vertebra by the junction of the superior 
mesmitcric and splenic veins, the union of these veins taking place in front of 
the inf<;rior vena oava and behind the neck of the pancreas. It passes upwards 
behind the first part of the duodenum and then ast;cnds in the right border 
of the small omentum to tlie right extremity of the transverse fissure of the 
liver, where it divides into a right and a left branch, which accompany the 
corresponding branches of the hepatic artery into the substance of the liver. In 
the small omentum it is plac;ed behind and between the common bile duct and 
the hepatic artery, the former lying to the right of the latter. It is surrounded 
by the hepatic plexus of nerves, and is accompanied by numerous lymphatic 
vessels and some lymphatic glands. The right wanch of the portal vein enters 
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the right lobe of the liver, but before doing so generally receiveB tKe cystic 
vein. The left branch, longer but of smallei' calibre than the right, crosses 
the longitudinal fissure, gives branches to the caudate and Spigelian lobes, and 
then enters the left lobe of tlie liver. As it crosses the longitudinal fissure it 
is joined in front by a fibrous cord, the ligamentum teres of the liver or obliterated 


Fia. 646,—Portal vein and its tributaries. 



Note. —In this diagram the right gastro-epiploic vein opens into the splenic vein; 
generally it empties itself into the superior mesenteric, close to its termination. 


umbilical vein, and is unified to the inferior vena cava by a second fibrous 
cord, the ligamentum venosmn or obliterated ductus venosus. 

The tributaries oi the portal vein are: 

Splenic. Pyloric. 

Superior mesenteric. Cystic. 

Coronary. Parumbilieal. 

The splenic vein (v. lienalis) commences by five or six large branches 

M'hich return the blood from the spleen. These unite to form a single vessel, 
which passes from left to right, grooving the upper and back part of the 
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pancreas, below the splenic artery, and terminates behind the neck of the 
pancreas by uniting at a right angle with the superior mesenteric to form the 
portal vein. The splenic vein is of large size, but is not tortuous like the 
artery. 

Tributaries. —The splenic vein receives the short gastric veins, the left 
gastro-epiploic vein, the pancreatic veins, and the inferior mesenteric veins. 

(а) The short gastric veins (vv. gastricse breves), some four or five in number, 
drain the fundus and left part of the greater curvature of the stomach, and pass 
between the two lay(!r.s of the gastro-splonic omentum to terminate in the splenic 
vein or in one of its large tributaries. 

(б) The left gastro-epiploic vein (v. gastroepiploica sinistra) receives branches 
from the anterior and posterior surfaces of the sl omiich and from the great omentum ; 
it runs from right to left along the groat(ir curvaturti of tlie stomach and ends in 
the commencement <»f the splenic vein. 

(c) The pancreatic veins (vv. pancieaticir) consist of several small vessels which 
drain the body and tail of the panenias, and open into the trunk of the splenic 
vein. 

(d) The inferior mesenteric vein (v. meseutericu inferior) returns blood from the 
rectum, and the pelvic, iliac, and descending parts of the colon. It begins in the 
rectum as the s j^eri or hwmorrhoidal vein (v. hfcmorrhoidalis superior), whmh-haa. 
its origin in the haunorrhoidaT jilexus, and t.1iTmig]| t.liis ple-yns f. »TTmnim'e.HtPH 
x^ith the middle and inferior ha-morrhoidal S"cInB7 "The superior hacmorrhoidal vein 
leaves the pedvis and crosses the iliac vessels in company with the superior 
hseinorrhtiidal artery, and is contitiucd upwards as the inferior mesenteric vein. 
This vein lies to the left of the inferior mesenteric artery, and ascends hehmd the 
peritoneum ajid in front of the left Psoas ; it then passes behind the body of the 
pancreas and opens into the splenic vein ; sonietimes it terminates in the angle of 
\mion of the sj)lenic and superior mesenteric veins. 

Tributaries.—The inferior mesenteric vein receives tlie sigmoid veins (vv. sigmoidese) 
from the ilio-pelvic colon and the left colic imn (v. colica sinistra) from the descending 
colon and splenic iloxuro. 

The superior mesenteric vein (v. mosonterica superior) returns the 
blood from the small intestine, and from the caecum and the ascending and 
transverse portions of the colon. It begins in the right iliac fossa by the union 
of the veins which drain the terminal part of the ilium, the caecum and vermi¬ 
form appendix, and auscends between the tw'o layers of the mesentery on the 
right side of the superior mesenteric artery. In its upward course it passes 
in front of the right ureter, the inferior vena cava, the thii'd part of the 
duodenum, and the lower portion of the head of the pancreas. Behind the 
neck of the pancreas it unites with the splenic vein to form the portal vein. 

Tributaries. —Besides the tributaries which correspond with the branches 
of the superior mesenteric artery: viz. the veins of the small intestine 
(w. intcstinales), tlie ileo-colic (v. ileocolica), the right colic (vv. colicae dextrae) 
and the middle colic (v. colica media), the superior mesont crio vein is j oni ed by 
the right gastro-cpiploic and pancreaticp-duqiJeEiEaSiins. 

The right gastro-ejyiploic vein (v. gastroepiploica dextra),receives branches 
from the great omentum and from the lower parts of the anterior and posterior 
surfaces of the stomach ; it runs from left to tight along the greater curvature 
of the stomach, between the two layers of the great omentum. 

The pancreatico-duodenal veins (w. pancreaticoduodenalcs) accompany their 
corresponding arteries; the lower of the two frequently joins the right gastro¬ 
epiploic vein. 

The coronary vein (v. coronaria ventriouli) derives tributaries from both 
surfaces of the stomach ; it runs from right to left along the lesser curvature 
of the stomach, between the two layers of the gastro-hepatic omentum, to 
the oesophageal opening of the stomach, where it receives some oesophageal 
veins. It then turns backwards and passes from left to right behind the lesser 
sac of the peritoneum and ends in the portal vein. 

The pyloric vein (y. pylorica) is of small size, and runs from left to right 
along the pyloric portion of the lesser curvature of the stomach, between 
the two layers of the gastro-hepatic omentum, to terminate in the portal 

_a 
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The cystic vein (v. cystica) drains the blood from the gall bladder, and, 
ascending alongside the cystic duct, usuaUy terminates in the right branch of 
the portal vein 

Parumbilical veins (w. parumbilicalcs).—In the course of the liga- 
mentum teres of the hver, and of the urachus, small veins (parumbilioal) are 
found, which establish an anastomosis between the veins of the jantcrior^ 
wVtHnpiinul ■anft fli p, porha.T and iliac v oins. The GesI marked of these 
small veins is one which commences at the umbilicus and runs backw'ards and 
upwards in, or on the surface of, the ligamentum teres betw'een the layers 
of the falciform ligament to terminate ui the left portal vein. 

Applied Obstruction to the portal vein may produce asoitos, and this may 

arise from many causes: as (1) the pressure of a tumour on the portal vein, such as cancer 
or hydatid cyst in the liver, enlarged lymphatic glands in the lessor omentum, or cancer 
of the head of the pancreas ; (2) from cirrhosis of tlie liver, when tlie radicles of the portal 
vein arc prossed upon by the contracting fibrous tissue in the portal canals ; (3) from 
valvular disease of the heart, and back pressure on the hepatic veins, and so on the whole 
of the circulation through the liver. In this condition the prognosis as regards life and 
freedom from ascites may bis much improved by the establishment of a good collateral 
venous circulation to relievo the ]>ortal obstruction in the liver. This is effected by com¬ 
munications between {a) the ga stric voins, and the riisophagoal veins emptying themselves ; 
into the vena fizygos minor, i^fch often project as u varicose bunch into the stomach ; 
(6) the veins of the colon and duodenum, and the left renal v'cin ; (c) the accessory 1 
4 »oilial.ay 8 teni of Sappey, branches of which pass in the round and falciform ligaments \ 
(particularly tTie'laTler) to unite with the epigastric and internal mammaiy veins, and 
through the diaphragmatic voins with tlie azygos ; a single large vein, shown to bo a 
parum bilical vein, may pass from the hilus of the liver by the round ligament to the 
uinbilious, ‘jvrocTucihg there a bunch of prominent varicose voins known as the 

(d) the vo ins of lieUius, which connect the intestinal veins with the infendr 
vena~ Cava and its reTroperiloneal branches the inferior mesenteric veins, and the 
hoem orrhoi dal v eins that o]K‘n into the internal iliacs ; (/) very rarely thejductus vonosus 
romans '^Wbht.' affdrding a direct connection lietween the portal vein and the inferior 
vena cava. 

An operation' for the relief of portal obstruction on these lines has been advocated 
by Rutherford Morison and by Talma. It consists in curetting the opposed surfaces of the 
liver and diaphragm and stitching them together, so as to secure vascular inflammatory 
adhesions lietween the two. The great omentum may wnth advantage be interposed 
between them, so as in increase the amount of the adhesions, and the spleen has been 
similarly scraped and sutured to or into the abdominal wall. The operation should not 
be deferred until the patient is moribund. 

Thrombo.sis of the portal vein, or pylethrombosis, is a very serious event, and is oftenest 
duo to pathological processes causing compression of the vessel or injury to its wall, such 
as tumours or inflammation about the pylorus, head of the pancreas, or appendix, or to 
gall-stones or cirrhosis of the liver. If the thrombus is infected with bacteria, as is often 
the case when it is due to appendicitis, septic or supirarative pylephlebitis results; this 
condition is known also as portal pyaemia. Fragments of the infected clot break off and 
are carried away to lodge in the smaller veins in the liver, with the development of multiple 
abscesses in its substance and a rapidly fatal result. A^en the thrombus is sterile, the 
chief signs produced are enlargement of the spleen, recurrent ascites, and the establish¬ 
ment of a collateral venous circulation, the case climcally resembling one of atrophif 
cirrhosis of the liver. 

The symptoms of thrombosis of the mesenteric veins are very much the same as those of 
embolism of the mosentoric arteries (see p. 694). 


THE LYMPHATIC SYSTEM 

The lymphatic .the Jymphatio vessels... and. lymphatic 

dands. The lymphatic vessels of the small intestine receive the special 
designation of ; they differ in no respect from 

the lymphatic vessels generally, excepting that during the process of digestion 
they contain a milk-white fluid, the chyle. 

Tha lympbatir- -ggcfcgle are exoftedingly delicat e] and their-coats are so 
tcan^arfilit that the fluid they contain is readily seen through them. They 
retain a nearly uniform size, being interrupted at intervals by constrictions, 
which give them a knotted or beaded appearance. These constrictions are 
due to the presence of valves in their interior. Lymphatic vessels have 
been found in nearly every texture and organ of the body which contains 
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blood-vessels. Sug.li ncm-vaBcular..£tructures-^.ca rtilage. the nails, puticle, 
and hair have none, but with these exceptions it is-probable that Wentually 
all parts ^vill be found to be permeated by these vessels. 

The'lymphatic vessels are arranged get. 

On the surface of the body the «j!tj 2 er}?f!MiLlyiiiphatic vessels are placed 
immediately beneath tlm intc^Bierdi, accompanying the superficial veins; they 
join the deep lymphatic vessels in certain situations by perforating the deep 
fa^i a. In tlie interior of the body they lie in the submucous areolar tissue, 
throughout the whole length of the gastro-pulmonary and genito-urinary 
tracts; and in the subscrous tissue of the thoracic and abdominal walls. 
The method of their origin has been described along with the details of 
their minute anatomy. Here it will be sufficient to say that a plexiform 
network of minute lymphatic vessels iiuiy be found interspersed among the 
jjroper elements and blood-vessels of the several tissues ; the vessels composing 
the network, as well as the nieshes betwi'cn tlieni, are much larger than those 
of the capillary plexus. From these nc'tworks small vessels emerge, whicli 
pass, cither to a neighbouring gland, or to join some larger lymphatic trunk. 
Thc-tZccp Jymphatitt vessels, fewer in number, and larger than the suijerficial, 
accompany the deep blood-vessels. Their mode of origin is probably similar 
to that of the superficial vessels. The lymphatic vessels of any part or organ 
exceed the veins in number, but in size they are much smaller. Tlu'ir 
anastomoses also, esjjecially those of the large trunks, are more frequent, and 
are effected by vessels equal in diameter to those which they connect, tlie 
<*ontinuous trunks retaining the same dianuitcT. 

Xitt’ lymphatic glands are small, solid, glandular bodies, situated in the 
course of the lymphatic vessels. In size they vary from a hemp-seed to an 
almond, and their colour, on section, is of a pinkish-grey tint, excepting in 
the bronchial glands, Avhich in the adult are motthid with black. Ea(5h gland 
is invested by a fibrous capsule, from v\'hieh prolongations dip into its 
substance, forming partitions. Before entering a gland a lymphatic or 
lacteal vessel divides into several small branches, which are named afferent 
jUMeln- As they enter, their external coat becomes continuous with -the 
capsule of the gland, and the vessels much thinned and consisting only of 
their internal or endothelial coats pass into the gland, and open into the lymph 
sitmses. From these sinuses fine branches proceed U» form a plexus, tins 
vessels of Avhich unite to form a single efferent v essel ; this, on emerging from 
the hilus of the gland, is again invested with an external coat. 

Applied Anatomy. —The lymphatics channels and glands draining any infected area of 
the body are very liable to become infected, with the production of acute or chronic 
jly$nphangitis and lymphadenitis. Xo.jiipute cases the paths of the superiicial lymphatics 
are often marked out on the skin by the appearance over them of the four cardinal 
signs of inflammation—pain, redness, heat, and swelling—while the glands swell and 
may suppurate. Chronic inflammation leads to growth and fibrosis of the lymphatics 
aha the connective tissue round them ; obstruction to the passage of the lymph results, 
as the fibrous tissue contracts and causes stenosis or obliteration of the lymphatic 
channels, and hard oedema of the involved skin and subcutaneous tissues follows 
(pachydermia lymphangiectatica). Chronic lymphangitis, together lyth the blocking of 
numerous lymphatic vessels by the escaped ova of the minute parasitic worm Mic,ro- 
jjlaria nofturna, is the cause of e leph^ntia ais. a condition common in the tropics and 
subtropics, and characterised by enormous enlargement and thickening of the integuments 
of some part of the body, most frequently of the leg. '^'ubercular .and 5 yphilitic.jQ!nlarg 6 - 
ments of the lymphatics and glands are both very commonly met with. Primary tumours 
of the lymphatics are lymphangioma and endothelioma ; the so-called ‘ congenital cystic 
hygroma ’ of the neck, arm, trunk, or thigh, is a cystic lymphangioma. Primary tumours 
of the lymphatic, glands may bo innocent (lymphadenoma, myxoma, chondroma) or 
malignant (lymphosarcoma); cancer is never met with as a primary affection, but is 
extremely common secondarily to cancer of some other part of the body. 

The appearance of secondary malignant deposits or of secondary infection in parts 
of the body that seem not to be directly associated by any lymphatic connection with the 
seat of the primary growth or infection has often been olwervcd, and explained as 
due tS ‘ retrograde transport ’ of cancer cells or bacteria by a reversed flow of lymph. 
Weleminsky,* however, believes that the explanation is to be found in the fact that when 
the infected glands have grown to a certain size they no longer permit the normal flow 
of lymph through them, and that under these oircumstanoes very delicate lymphatic 

Berliner Min. H acft., 1905, No. 24, p. 743. 
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connections, whose existence normally remains unsuspected, develop to a surprising 
extent between groups of lymphatic glands that at first sight appear to be unconnected 
with one another. 

Thobacic Duct 

The thoracic duct (ductus thoracicus) (fig. 647) conveys the great mass 
of the lymph and chyle into the blood. It is the common trunk of all the 
lymphatic vessels of the body, 

excepting those of the right Fig, 647. —^The thoracic and right lymjihatio ducts, 
side of the head, neck, and 
thorax, and right upper ex¬ 
tremity, the right lung, right 
side of the heart, and the 
convex surface of the liver. 

In the adult it varies in length 
from fifteen to eighteen inches, 
and extends from the second 
lumbar vertebra to the root 
of the neck. It commences in 
the abdomen by a triangular 
dilatation, the reccptaculum 
chyli, which is situated on the 
front of the body of the second 
lumbar vertc'bra, to the right 
side of and behind the aorta, 
by the sid(^ of the right cnis 
of the Diaphragm. It enters 
tlie thorax through the aortic 
opening of the Diaphragm, 
and is then placed in the 
posterior mediastinum be¬ 
tween the aorta and vena 
azygos major. Here it lies 
in front of the vertebral 
column, from which it is se])a- 
rated by the right intercostal 
arteries, and by the azygos 
minor veins as tlu^y cross the 
middle line to open into the 
vena azygos major. Opposite 
the fifth thoratiic vertebra, it 
inclines towards the left side, 
enters the superior mediasti¬ 
num, and ascends behind the 
arch of the aorta, on the left 
side of the oesophagus, and 
behind the first pprtion of the 
left subclavian artery, to the 
upi^er orifice of the thorax. 

Opposite the seventh cervical 
vertebra, it turns outw'ards in 
front of the vertebral vein 
and artery, behind the left 
common carotid artery and 
vagus nerve, and then curves 
downwards over the subcla¬ 
vian artery, and in front of 
the Scalenus anticus muscle 
and the phrenic nerve, so as 
to form an arch ; it terminates 
in the angle of junction of 
the left subclavian vein with the left internal jugular vein. The thoracic 
duct, at its commencement, is about equal in diameter to a goose-quill. 
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but it diminishes considerably in calibre in the middle of the thorax, and is 
again dilated just before its termination. It is generally flexuous and con¬ 
stricted at intervals so as to present a varicose appearance. Not infrequently 
it divides in the middle of its course into two branches of unequal size, which 
soon reunite, or into several branches which fonn a plexiform interlacement. 
It occasionally divides at its upper part into two branches, right and left; 
the left terminates in the usual manner, while the right opens into the right 
subclavian vein, in connection with the right lymphatic duet. The thoracic 
duct has several valves; at its termination it is provided with a pair of valves, 
the free borders of M'hich are turned towards the vein, so as to i)revent the 
passage of venous blood into the duct. 

The receptaculum chyli (cislerna cliyli) (fig. 648) receives the tw'o lumbar 
lymphatic trunks, right and left, and the intfsstinal lymphatic trunk. The 
lumbar lymphatic trunks (trunci lumbales) are formed by the union of the 
efferent vessels from the lateral aortic lymphatic glands. They receive 
tlie lymph from the lower limbs, from the walls and viscera of the ptdvis, 
from the kidnetys and suprarenal bodies, and the deep lymphatics of the 

Fxu. 648.—^Modes of origin of thoracic duet. (I’oirior and Cliarjxy.) 

A I? c; 




a, Thorucir Hiicf.. a\ llcceptaculum cIiylK h, c. KfToront from latortU aortic glandH. d. Au cflcrent v'f^scl 

wiiich ptiTOcti Uio left crus of the diaphragm, e, LdtcraL aortic glands. iletro-aortic glands, t. Truiicus 
intcBUnalis. j. Descending brancli from mtercostEil lymphatic. 


greater part of the abdominal w'all. The intestinal lymphatic trunk (truncus 
intestinalisi receives the lymph from the stomatdi and small intestine, from 
the pancreas and spleen, and from the lower and front part of the liver. 

Tributaries. —Opening into the commencement of the thoracic duct, on 
either side, is a descending trunk fi’om the posterior inteixjostal glands of the 
lower six or .seven intercostal spaces. In the thorax the duct is joined, on 
either side, by a trunk which di'ains the upper lumbar glands and pierces the 
crus of the Diaphragm. It also receives the cffxtrents from the posterior 
mediastinal glands and from tlic posterior intercostal glands of the upper six 
left spaces. In the necik it is joined by the left jugular and left subclavian 
trunks, and sometimes by tholcft brrmcho-mediastirud trunk ; the last-named, 
however, usually opens independently into the junction of the left subclavian 
and internal jugular veins. 

Structure. -The thoracic duet is composed of three coats, which differ 
in some respects from those of the other lymphatic vessels. The interval 
coat consists of a single layer of flattened, lanceolate endothelial cells, with 
serrated borders; a subendothelial layer similar to that found in the arteries ; 
and an elastic fibrous (ioat, the librts of which run in a longitudinal direction. 
The middle coat consists of a longitudinal layer of white connective tissue with 
elastic fibrea, external to which are several laminse of muscidar tissue, the 
fibres of which are for the most part disposed transversely, but some are 
oblique or longitudinal, and intermixed with elastic fibres. The external coat 
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is composed of areolar tissue, with elastic fibres and isolated fasciculi of 
muscular fibres. 

The right lymphatic duct (ductus lymphaticus dexter) (fig. 649), about 
half an inch in length, courses along the inner border of the Scalenus anticus 
at the root of the ncHsk and terminates in the right subclavian vein, at its angle 

Fia. 649.—^'I’erinmal collecting trunks of right side. (Poirier and Oliarpy.) 




tf. truDk. b. Subclavian trunk, r, lirondjo-uw'tlkmtiiial Irunk. il. UiKlit lyiupbutlc trunk. 

e, oi internn1 mammary ebam. (.llaml of d<*opcervical chain. 


of junction with the right internal jugular vein. Its orifice is guarded by two 
semilunar valves, wliicdi jirc'vent the passagi! of venous blood into the duct. 

Tributaries.---It receives the lym])h from the right side of the head and 
neck through the right jugular trunk ; from the right upper extremity through 
the right subclavian trunk ; from the right side of th(‘- tboi'ax, tlic right lung, 
and right side of the heart, and from part of the convex surface of the liver, 
tlu'ough the right broncho-mediastinal trunk. These three collecting trunks 
frequently open separately in the angle of union of the two veins. 

ApjMed Anatomy .—Blockage of the thoracic duct by mature specimens of the minute 
parasitic worm Micro/ilaria noctvrna gives rise to stasis of the chyle, and to its passage 
in various abnormal directions on its course past the obstruction. ITie neighbouring 
abdominal, renal, and pelvic lymphatics Ijecome enlarged, varicose, and tortuous, and 
chyle may make its way into the urine ((diylnria), the tunica vaginalis (chylocclc), the 
abdominal cavity ((ihylous ascites), or the pleural (iavity (chylous pleural effusion), in 
consequence of rupture of some of those distended lymphatic vessels. 

The thoracic duct may be secondarily iufe(ited in intestinal or pulmonary tuberculosis, 
and may contain either miliary tulmrcles, cascatiug tuberculous masses, or even tuberculous 
ulcers. It is often the seat of secondary carcinomatous deposits in coses of cancer of some 
aMomiuol viscus, becoming infiltrated throughout until it becomes a stiff moniliform rod 
a^^ thick as a i)encil, with multiple stenoses and dilatations of its lumen ; in such coses the 
left supraclavicuLir glands often become iufoeted and enlarged, while the lungs remain 
entirely free from secondary growths. 


LYMPHATICS OF THE HEAD,. FACE, AND NECK 

The lymphatic glands of the head (fig. 650) arc arranged in the following 
gi-oups: 

Occipital. Pacial. 

Posterior auricular. Internal maxillary. 

Parotid. Lingual. 

Rctro-phaiyngeal. 

The occipital glands (lyinphoglandulae occipitales), one to three in number, 
are placed on the back of the head close to the margin of the Trapezius and 
resting on the insertion of the Complexus. Their afferent vessels drain the 
occipital region of the scalp, while their efferents pass to the upper glands of 
the deep cervical group. 

The posterior auricular or mastoid glands (lymphoglandute auriculares 
posteriores), usually two in number, are situat^ on the mastoid insertion 
of the Stemo-mastoid. Their afferent vessels drain the posterior part of the 
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temporo-parietal region, the upper part of the ihtemal surface of the pinna, 
and the back of the external auditory meatus ; their efferents pass to the 
upper glands of the deep cervical group. , ** 

The parptid g^laoas (iymphoglandulae parotideae) form three ^Qups in 
relation with the parotid salivary gland, viz. a superficial group, situated over 
the gland but under the parotid fascia (lymphoglandula* aunculares antenorcs), 
a deeper group imbedded in the substance of the gland, and a group of -sub- 
parotid glands lying on the lateral u aU of the pharynx. Occasionally small 
glands are found m the subcutaneous tissue over the jjarotid gland. The afferent 
vessels of the lymphatic glands under the fascia, and of those in the substance 
of the gland, drain the root of the nose, tin* eyelids, the fronto-tcmporal region, 


Ftg. 660.—Suppificial lymphatic glands and vessels of head and nook. 
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the outer surface of the pinna, the external auditory meatus and the tympanum, 
possibly also the posterior parts of the palate and of the floor of the n^e. 
The efferents of these glands pass to the upper glands of the deep cervical 
group. The affereiits of the subparotid glands drain the naso-pharynx ^d 
posterior part of the nasal fossa ; their efferents pass to the upper deep cervical 
glands. 

The facial glands (lymphoglandulsB faciales) comprise Jhr^ • 

(a) scattered over the infra-orbital region from the ^dove "between 

the nose and cheek to the zygoma; (6) bucca l, one or more placed on the 
Buccinator opposite the angle of the mouth; (c) mffpdibjilar, on the outer 
surface of the mandible, in front of the Masseter and in contact with the facial 
vesselB. Their afferent vessels dram the eyelids, the conjimctiva, and the 
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■ integument and inucous membrane of the nose and cheek; t heir effwe nts 
pMs to the Bubmaxilla^'glands. ’’ 

♦ Tt^internal niaxillaty glands (lymphoglandulse faciales profundae) are 
deeply placed beneatl) the ramua.of the mandible, on the outer surface of the 
Extern^ pterygoid, in relation to the internal maxillaiy ai'tery. Tluur afferent 
vejgaels drain, the temporal and zygomatic fossae and the naso-pharynx; their 
efferents pass to the upper glands of the deep cervical group. 

The lingual glands (lymphoglandula^ linguales) are two or three small 
nodules lying on the Hyo-glossus, and under the Genio-hyoglossus. They 
form merely glandular sub-stations in the course of the lymphatic vessels of 
the tongue. 

The retro-phaiyngeal glands (fig. 6fil) lie in the bucco-pliaryngeal fascia, 
behind the upper part of the pharjmx and in front of the arch of the atlas, being 
separated, however, from the latter by the Rectus capitis antious major. Their 
afferents drain an extensive area, comprising the nasal fossa*, the naso-pharynx, 
and the Eustachian tubes ; t heir elTeronts pass to the upper glands of the deep 
cervical group. 

The lyrnf^tic vessels of the smlp are divisible into (a) those of the frontal 
region, which terminate in the parotid glands; (6) those of the temporo- 


I’lQ. 651.—Lymphatics of pharyax. (Poirier and Oharpy.) 



parietal region, wJiich end in the parotid and posterior auri(;ular glands ; and 
(c) those of the occipital region, which terminate partly in the occipital glands 
and partly in a trunk which runs down along the ijosterior border of the 
Stemo-mastoid to end in the lower group of deep cervical glands. 

The lymphatic vessels of the pinna and external auditory meatus are also 
divisible into three groups : (a) an anterior,* from the outer surface of the 
pinna and anterior wall of the meatus to the parotid glands; (6) a posterior, 
from the margin of the pinna, the upper part of its inner surface, the internal 
surface and i) 08 terior wall of the meatus to the posterior auricular and upper 
deep cervical, glands; (c) an inferior, from the floor of the meatus and from 
the lobule to the external jugular and upper deep cervical glands. 

The lymphatic vessels of the face are more numerous than those of the scalp. 
Those from the eyelids and conjunctivae terminate partly in the submaxillary, 
but mainly in the parotid glands. The vessels from the posterior part of the 
cheek also pass to the parotid glands, while those from the anterior portion of 
the cheek, the side of the nose, the upper lip, and the lateral portions of the 
lower lip terminate in the submaxillary glands. The deeper vessels from 
the temporal and zygomatic fossae pass to the internal maxillary and upper 
deep cervical glands. The deeper vessels of the cheek and Ups terminate, 
like the superficial, in the submaxillaiy glands. Both superficial and deep 
vessels of the central .part of the lower lip run to the suprahyoid glands. 
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The lymphatic vessels of the •nasal fossce can bo injected from the subdural 
and subarachnoid spaces. Those i^rora the anterior parts of the fossae 
eouununieate with the vessels of the nasal integument and terminate in the 
submaxillary glands ; tliose from the posterior two-thirds of tlie fossae and 
from the communicating air sinuses pass partly to the retropharyngeal and 
partly to the upper deep cervical glands. 

Lymphatic vessels of the mouth .—^The vessels of the gums terminate in the 
subinaxillary glands; those of the hard palate are continuous in front with 
those of the upper gum, but pass backwards to pi<irce the Superior constrictor 
and end in the upper deep cervical and subparotid glands ; those of the soft 
j)alatc j)ass baekw'ards and outwards, and terminate partly in the retropharyn¬ 
geal and subparotid, and partly in the* upper d(;ep cervical glands. The vessels 
of the anterior part of the floor of tire mouth pass either directly to the lower 
glands of the upper deep cervical group, or indirectly through the supraliyoid 
glands ; from the rest of the floor of the mouth the vessels terminate in the 
submaxillary and upprrr deep (!<'rvical glands. 

The lymphft/ic vessels of the tonsil pass to the upper deep cervical glands. 


Fig. 052.—^Tlio lymphatics of the face. (After Kiittner.) 

\ 



The lymphatic vessels of the longue (fig. fl53) arc drained chiefly into the deep 
cervical glands lying between the posterior belly of this J-ligastric and the 
posterior belly of the Omo-hyoid ; one gland situated at the bifurcation of the 
common carotid artery is so intimately associated w'ith these vessels that it is 
known .as the prmcipal gland of the to‘nguc. The vessels of the tongue have been 
divided into four groups : (1) apical, from the tip of the tongue to the supra¬ 
hyoid glands and principal gland of tongue ; (2) lateral, from the margin of the 
tongue—some of these pierce the Mylo-hyoid to terminate in the submaxillary 
glands, others p<ass down on the Hyo-glossus to the upper deep cervical; 
l3) basal, from the regif)n of the circumvaliate papillm to the upper deep 
cervical glands ; and (4) median, a few of which perforate the Mylo-hyoid to 
reach the submaxillary glands, while the majority turn round the posterior 
border of the muscle to enter the upper deep cervical glands. 

The lymphatic glands of the neck include the following groups: 

Submaxillary. External jugular. 

Suprahyoid. Anterior cervical. 


Deep cervical. 
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The submaxiliary gflands (lymphoglanduh'e submaxillarcs) (fig, 652), 
three number, are ..placed beneath the body of the mandible in tlie 

submaxillary triangle, and rest on the superficial surface of the submaxiliary 
salivary gland. One gland (the middle gland of Stahr), whicli lies on the facial 
artery as it turns over the mandible, is the most constant of the seric's. Small 
lymphatic glands are sometimes found on the deep surface of the submaxiliary 
gland. Their afferents drain the inner canthus of the eye, tJ’o chock, the 
side of the nose, the upper lip, the outer part of the lower lip, the gums, and 
the anterior part of the margin of the tongue*,; efferent vessels from the facial 
and suprahyoid glands also enter the .submaxiliary glands. Tlieir efferent 
vessels pass to tlu* ui)per glands of the deep cervical group. 


Fio. 6.5.3.—Lymphatics of the tongue. (Poirier.) 
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The suprahyoid or submental glands are situated close to the middhs line 
of the neck between the anterior bellies of the two Digastric muscles. Their 
afferents drain the central portions of the lower lip and floor of the mouth and 
the tip of the tongue; their efferents pass partly to the submaxiliary glands 
and partly to a gland of the deep cervical group situated on the internal jugular 
vein at the level of the cricoid cartilage. 

The external jugular glands (lymphoglandulae cervicalcs superficiales) lie 
in close relationship with the external jugular vein as it emerges from the 
parotid gland, and, therefore, superficial to the Stemo-mastoid. Their afferents 
drain the lower parts of the pinna and parotid region, while their efferents pass 
round the anterior margin of the Stemo-mastoid to join the upper deep cervical 
glands. 


3d2 
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The anterior cervical glands form an irregular and inconstant group on the 
front of the larynx and trachea. They may be divided into : (a) a superficial 
set, placed on the anterior jugular vein; (?>) a deeper set, whicJi is further 
subdivided into pre-laryiigeal, on thecrieo-thyroid membrane, and pre-tracheal, 
oil the front of the trachea. This deeper set drains the lower part of tlie larynx, 
the thyroid body, and the upjier part of the trachea ; its efferents jiass to tlie 
lower glands of the upper deep cervical group. 

The deep cervical glands (lymphoglandula^ (icrvicales profimdsc) (figs. 650, 
653) are numerous and of large size; tlieyform a chain along tlie carotid sheath, 
lying by the side of the pharynx, (esophagus, and trachea, and extending from 
the base of the skuU to the root of the neck. They are usually described in two 
groups : (1) an ■upper or subtiler-no-mastoid group (lymphoglandula' cervicales 
profunda} superiores) lying under the Sterno-mastoid in close ndation with the 
spinal accessory nerve and tla* internal jugular vein, some of the glands lying 
in front of ami otliers lahiiid the vessel: (2) a lo’we.r or supraclavicular group 
(lymphoglandulae c(}rvicalcs profunda* inferioros) extending beyond the 
posterior margin of the Sterno-mastoid into the supraclavicular triangle, 
where tl](*y are closely related to the brachial plexus and subclavian vein. 
A few minute glands are situated alongside the recurrent laryngeal nerves 
on the lateral aspects of the trachea and (esophagus. The upper deep cervical 
glands drain the occipital jiortion of the scalp, tlie pinna, anil the back of the 
neck?' the tongue, larynx, thyroid body, trachea, naso-pharynx, nasal fossa;, 
palate, and oesophagus. They receive also the efferent ves8(!ls from all 
the other glands of the head and neck, except those from the lower deep 
cervical group. The lower deep cervical glands drain the back of the scalp 
and neck, the superficial pectoral region, part of the arm (see page 775), 
and, occasionally, part of the upper surface of the liver. In addition, they 
re(!eivc vessels from the upper group. The cffer('nts of the upper deep 
cervical glands pass partly to the lower group and partly to a trunk which 
unites with the efferent trunk of the lower deep cervical glands and forms 
the jugular trunk (truncus jugularis). This trunk, on the right side, ends in 
the junction of the internal jugular and subclavian veins, while on the left 
side it joins the thoracic duct. 

The lymphatic vessels of the skin and muscles of the neck pass to the deep 
cervical glands. I'rom the uf)f)(*r part of the pharynx the lymphatic vessels 
pass to the retropharyngeal, from the lower part to the deep cervical glands. 
From the larynx two sets of vessels arise, an upper and a lower. The vessels 
of the uf»per set pierce the thyro-hyoid membrane and join the upper deep 
cervical glands. Of the lower set, some pier(!(} the crico-thyroid membrane 
and join the pre-tracheal and pre-laryng(*al glands ; others ran between the 
cricoid and first tracheal ring and (*nt(‘r tlu* lower deej) c(*rvical glands. The 
lymphatic v(*sK(ils of the thyroid body (lonsist of two sets, an upper, w’bich 
accompanies the superior thyi'oid art/cry and enters the upper deep cervical 
glands, and a lower, which runs partly to the pre-tracheal glands and partly 
to the small glands wdiich accompany the recurrent laryngeal nerve. These 
latter glands receive also the lymphatic vessels from the cervical portion of 
the trachea. • 

Applied Anatomy .—The cervical glauds arc very frequently the seat of tuberculous 
disease. This condition is most usually sot uj> by some’lesion in those parts from which 
they rccoivo their lymph. It is very dissirablo therefore for the surgeon, in dealing with 
these cases, to possess a knowledge of the relation of the respective groups of glands to 
the periphery, while in order to eradicate them by operation a long and diffieult dissection 
may be required. 


LYMPHATICS OF THE UPPER EXTREMITY 

The lymphatic glands of the upper extremity (fig. 654) are divided 
into two sets, superficial and deep. 

The superficial lymphatic glands are few and of small size. One or two 
are placed above the inU;rnal epicondylc of the humerus, near the basilic vein. 
Their afferents drain the inner three fingers, the inner portion of the hand, 
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and the superficial area over the ulnar side of the forearm ; these vessels are, 
however, in frf^c communication Avith the otJier lymphatic vessels of the fore¬ 
arm. TJicir efferents accompany the basilic vein and join the deeper vessels. 
One or two glands are found beside the cephalic vein, between the PectoraJis 
major and Deltoid, immediately below the clavicle. They are situated in 
the course of the external collecting trunlis of tlie arm. 

The deep lymphatic g^lands are chiefly grouf)ed in the axilla, although 
a few may be found in the forearm, in the couise of the radial, ulnar, and 


Fig. 054.—The sujwrlicial lymphatics of the upper extremity. 



interosseous vessels, and in the arm along the inner side of the middle part 
of the brachial artery. 

The axillary g^lands (lymphoglandulae axillares) (fig. 655) are of large 
size, vary from twenty to thirty in number, and may be arranged in the following 
groups: 

1. An external group of from four to six glands lies in relation to the inner 
and posterior aspects of the axillaiy vein ; the afferents of these glands drain 
the whole arm with the exception of that portion whose vessels accompany 
the cephalic vein. The efferent vessels pass partly to the central and 
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aubclavicular axillary glands and partly to the lower deep cervical 
glands. 

2. An anterior or pectoral group consists of four or five glands along 
the lower border of the Peetoralis minor, in relation with the long thoracic 
arteiy. Their allerenta drain the skin and muscles of the anterior and lateral 
thoraeio walls, and the mammary gland ; their efferents pass partly to the 
central, and partly to tlu; subcla vicular axillaiy glands. 

3. A posterior or subscapular group of six or seven glands is placed along 
the lower margin of the poslcwior wall of the axilla in the (^our8e of the sub- 
S(!apiilar artery. The afferent a of this group drain the skin and muschis of 
the lovv(!i‘ £)art of the neck and of thc! jjosterior thoracic wall; their efferents 
pass to the central group of axillary glatuks. 

4. A central or intermediate group of three or four large glands is imbedded 
in the adi])ose tissue near the bas(! of the axilla. Its afferents are the efferent 
V(!ssels of all the preceding groups of axillary glatids ; its efferents pass to the 
subelavictilar group. 

Tjo. 055.—Jjymphatius of the mamma and the axillary glands (semi-diagrammatic). 

(Poirier and Cliarpy.) 
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5. An internal or suhclavicular group oi six to twelve glands is situated partly 
behind the upptn- portion of the Pectoralis minor and partly above the upper 
border of this muscle. Its only direct territorial afferents are those wliich 
accompany the cephalic v((in and one which drains the uj)pt;r peripheral part 
of the mamma, but it receives thc (sfferents of all the other axillaiy glands. 
Thc efferent vessels of the suhclavicular group unite to form a trunk of some 
size, the subclavian trunk (truncus subclavius), which opens either directly 
into the junction of the internal jugular and subclavian veins or into thc 
jugular lymphatic trunk : on the left side it may terminate in the thoracic 
duct. A few efferents from the subelavicular glands usually pass to tlie 
lower de(‘p cervical glands. 

Applied Anatomy .—Tn malignant disease or infectious processes implicating the 
upper part of tho bock and shoulder, the front of the chest and mamma, tho upper 
part of the front and side of the abdomen, or tho hand, forearm, and arm, enlargement 
of the axillary glands is very often found. 
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The lymphatic vessels of the upper extremity arc divided into two sets, 
superficial and deep. 

TJie superficial lymphatic vessels (fig. 656) commence in the lymphatic 
plexus which everywhere pervades the skin ; the meshes of the plexus are 
much finer in the palm and on the flexor asp(H)t of the digits than elsewhere. 
The digital plexuses arc drained by a pair of vessels which run on the 
lateral asj)ect' of each digit, and incline backwards to reach the dorsum of 
the hand. From the dense 


plexus of the palm, vessels 
pass in difl'erent ciirections, viz. 
upwards towards the wrist, 
downwards to join the digital 
vessels, inwards to join the 
vessels on the ulnar border of 
the liand, and outwards to those 
on the thumb. Several v()ssels 
from the central part of the 
plexus unite to form a trunk, 
wliieh passcis round the mela- 
cai’pal bone of the inde^x tinger 
to join the vessels on the back 
of that digit ajid on the bae-k of 
the thumb. Running upwards 
in front of and behind t hei wrist, 
the lymphatic vessels are <!<1- 
lected into radial, median, and 
ulnar groups, which accompany 
i'esj)octively the cephalic, median 
and basilic veins in the forearm. 
A few of the ulnar lympliatios 
terminate in the su})ratrochleiar 
glands, but the majority pass 
direelly to the external group 
of axillary glands. Some of the 
radial vessels are colle’icted into 
a tiiink, which ascends with the; 
cephalic vein to the glands 
between the Pcctoralis major 
and Jleltoid; the eft'erents 
from this group })ass eitlu'r to 
the subclavicular axillaiy glands 
v>r to the lower deep cervical 
glands. 


i'lG. B.'jG.—L ymphatic vessels of the dorsal 
surface of 1 he hand. (Sappey.) 



The deep lymphatic vessels accompany the deep blood-vessels. In the 
forearm, they consist of four sets, corriisponding with the radial, ulnar, and 
interosseous arteries ; they communicate at intervals with the superficial 
lymphatics, and *60016 of them end in the glands which arc occasionally found 
beside the arteries. In their course upwards, a few end in the glands which 
lie upon the brachial artery ; but most of them pass to the external group 
of axillary glands. 


LYMPHATICS OF THE LOWER EXTREMITY 

The lymphatic glands of the lower extremity consist of the anterior 
tibial gland, and the popliteal and inguinal glands. 

The anterior tibial gland (lymphoglandula tibialis anterior) is small 
and inconstant. It lies on the interosseous membrane in relation to tlie' 
upper part of the anterior tibial vessels, and constitutes a sub-station ii'i the 
course of the anterior tibial lymphatic trunks. 

The popliteal glands (lymphoglandulaj poplite®) (fig. 657), small in size 
and some six or seven hi number, are imbedded in the fat contained in the 
popUteal space. One lies immediately beneath the popliteal fascia, near the 
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terminal part of the externa] saphenous vein, and drains the region from 
which this vein derives its tributaries. Another is placed between the popliteal 
artery and the posterior ligament of the knee ; it receives the lyraplmtic vessels 
from the knee-joint together with those which accompany the articular arterites. 
The others lie at the sides of tlie popliteal vessels, and receive as afferents 
the trunks which accomijany the anlerior and posterior tibial vesscils. The 
efferents of tlui popliteal glands Y)a8s almost entirely alongside the femoral 
vessels to the dee.}i inguinal glands, but a few may accompany the internal 
saphenous vein, and end in the glands of the superficial inguinal group. 

The inguinal glands vary from twelve to twenty iji number, and are 
arranged in two groups, su])erficial and deep. 

The swperjicifd inguinal glands (fig. 658) lie in front of Scarpa’s triangle, 
and are situated betw'een the two layers of the superficial fascia. They may 
be divided into two groups, an upper and a lower, by a horizontal line at the 
level of the termination of the internal saphenous vein. The glands of the 
upper group (lymphoglandulae inguinales) form a eliain immediately below 

Fio. 057.—Lymphatic glands ot popliteal space. (Poirier and Chnr])y.) 



Poupart’s ligament. They receive as affeniiits lymphatic; 'Ves-sels from the 
integument of the penis, scrotum, p(;rinjeum, buttock, and abdominal wall 
below the level of the umbilicus. The glands of the lower group (lympho¬ 
glandulae subinguinales) are placed on either side of the upper part of the 
internal saj)henous vein, and their afferents consist of the superficial lymphatic 
vessels of the lower extremity ; they also r(;ceive some of the vessels which 
drain the integument of the penis, scrotum, perinajurn, and buttock. 

The deep inguinal glands (lymphoglandulae subinguinales profnnd®) 
(fig. 659) vary trom one to three in number, and are placed under the fascia 
lata, on the inner side of the femoral vein. When three are present, the 
lo^yest is situated just below the junction of the internal saj)henousahd femoral 
veins, the middle in the (;rural canal, and the highest in the outer part of the 
crural ring. The middle is the most inconstant of the three, but the highest 
one, the gland of Cloquet or Rosenmidler, is also frequently absent. They 
receive as afferents the deep lymphatic trunks which accompany the femoral 
vessels, the lymphaticjs from thcglans penis vel clitoridis, and also some of the 
efferents from the superficual inguinal glands. 
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Ayplml Anatomy .—Inflammation and sup- Fro. flfiS.—The superficial lymphatics 

puration of the popliteal gliuids are most of the lower extremity, 

commonly duo to a sore on the outer side of 
the heel. 

The inguinal glands frequently become 
enlarge<l in diseiisos implicating the parts from 
which their lymphatics originate. 'J’hus in 
malignant or sy|)hilitic affections of the 
prepuce and penis, or labia majora, in cancer 
scroti, in abscess in the perinanim, or in 
similar diseases affecting the integument and 
superficial structures in those parts, or the 
sub-umbilical part of the aMominal wall, or 
the gluteal region, the upper chain of glands 
is almost invariably enlarged, the lower chain 
being implicated in diseases alTceting the 
lower limb. 

The lymphatic vessels of the hirer 
extremity consist of two sids, su])orfi(;ial 
and dee}), and in their distribution conc- 
spond closely with the veins. 

Tlie superdcifzl lymphatic vessels Ho in 
I ho. superficial fascia, and are divisible 
into two groups : an iutornal, which 
follows the course of the internal 
saplicnous vein ; and an oxtcTiial, wliic.h 
aoeompanios the o.vtemal sa}ff)enous. 

'Tlie vessels of the interv/tl grovp '■are 
larger and mojc numerous than those of 
the external group, and commence on 
the inner side and dorsum of tlie foot ; 
they pass both in front, of and behind 
the inner ankle, run up the leg with the 
internal saphenous vein. ])ass with it 
behind the inner condyle of the femur, 
and aeeonipany it to the groin, where 
they terminate in the inferior group 
of superficial inguinal JympJiatie glands. 

^I’he vessels of the external group arise 
from the outer side of the foot ; some 
ascend in front of the leg, and, just 
below the knee, cross the tibia from 
V. dbout inwards, to join tlie lynipliaties 
on the inner side of tlie thigh ; others 
pass behind the outer inaUeolus, and, 
accompanying the external saplicnous 
vein, enter the po})litoal glands. 

T’lie deep lymphatic vessels are few 
in number, and accompany the deep 
blood-vessels. In the leg, they consist of 
three sets, the anterior tibial, posterior 
tibial, and peroneal, which accompany 
the corresponding blood-vessels, two 
or three with each artery; they ascend 
alongside the blood-vessels, and enter 
the lymphatic glands in the iiopliteal 
space. 

The deep lymphatic vessels of the 
gluteal and ischial regions follow the 
course of the corresponding blood¬ 
vessels. Those accompanying the gluteal 
vessels end in a gland wWeh lies on 
the intra.pelvic portion of the gluteal 
artery near the uppe.” border of the 
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great sacro-sciatic notch. Those following the sciatic vessels traverse one or two 
small glands which lie below the Pyriformis muscle, and end in the internal 
iliac glands. 


LYMPHATICS OP THE ABDOMEN AND PELVIS 

The lymphatic glands of the abdomen and pelvis may be divided, 
from their situations, into (o) parietal, lying behind the peritoneum and 


Fiq. 660.—The deep lymphatic vessels and glands of the abdomen and pelvis. 
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in clo.se association wnth the larger blood-vessels; and (6) visceral, w’hich are 
found in relation to the visceral jirteries. 

The parietal glands (fig. 659) include the following groups : 

External iliac. ( Lateral aortic. 

Internal iliac. Lumbar < Pre-aortic. 

Common iliac. [ Retro-aortic. 




LYMPHATICS OP THE ABDOMEN AND PELVIS 


779 


The external iliac glands, from eight to ten in number, lie along tlie 
external iliac vessels. They are arranged in three groups, one on the outer, 
another on the inner, and a third on the anterior aspect of the vessels; tlie 
third group is, however, sometimes absent. Their principal aflerents are 
derived from the sujierficial and deep inguinal glands, the deep lymphatics 
of the abdomintd wall below the umbilicus and of the mldueioi' region of the 
thigh, and the lymphatics from the glans penis vcl clitoridis, the membranous 
urethra, the prostate, the base of the bladder, the cervix uteri, and upper 
part of the vagina. 

Small chains of glands are sometimes found along the courst^s of the 
deep epigastric and deep circumflex iliac arteries, and an obturator gland is 
occasionally seen on the upper aspect of the obturator foramen. 


t’m. ()(U).—Ilio-j)elvio lymphatic glands. (Cuneo and Marcillc.) 



iienv 

Obiurnior 


The internal iliac or hypogastric glands (lymphoglundulae hypo- 
gastricse) (figs. 660, 661) surround the internal iliac vessels, and receive the 
lymphatics corresponding to the distribution of the branches of the intenial 
iliac artery : i.e. they receive lymphatics from all the pelvic viscera, from the 
deeper parts of the perinseum, including the membranous and penile portions of 
the urethra, and from the buttock and back of the thigh. The sacral glands 
are an isolated set of this group, placed in the concavity of the sacrum, in 
relation to the middle and lateral sacral arteries; they receive lymi)hatios 
from the rectum and posterior wall of the pelvis. 

The efferents of the internal iliac group terminate in the common iliac 
glands. 
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The common iliac glands, four to six in number, are grouped in relation 
to the lateral and deep aspects of the common iliac artery, one or two being 
placed below the bifurcation of the aorta, in front of the fifth lumbar vertebra, 
'riiey drain chiefly the internal and external iliac glands, and their efferents 
pass to the lateral aortic glands. 

The lumbar glands (lyraphoglandulaj lumbales) are very numerous, and 
consist of right and left lateral aortic, pre-aortic, and retro-aortic groups. 

. The rig}4 lateral aortic glands are situated partly in front of the inferior 
vena cava, near the termination of the renal vein, and partly behind it on the 
origin of the Psoas, and on the right' crus of the Diaphragm. The left lateral 
aorticjfland^ form a chain on the left side of the abdominal aorta in front, of 
tin* origin of the Psoas and left crus of the Diaphragm. The glands on either 
side receive (a) the efferents of the common iliac glands, (6) the lymphatics 
from the testicle in the male and from thci ovary, .Fallopian tube, and btaly 


I’la. 661.—lJio-i)e]vic glands (lateral view). (Ciin^ and Marcillc.) 



of|tlie uterus in the female ; (c) the lymphatics from t he kidney and suprarenal 
gland; and (d) the lymphatics draining the lateral abdominal muscles and 
accompanjdng the lumbar veins. Most of the efferent vessels of the lateral 
aortic glands converge to form the right and left lumbar trunks (trunci 
lumbales) which join the receptaculum ohyli. but some enter the pre- and 
retro-aortic glands, and others pierce the eiura of the Diapliragm to join the 
lower end of the thoracic duet. The pre-aortic glands lie in front of the aorta, 
and nia}”^ be divided into coeliac, siiperior mesenteric, and inferior mesenteric 
groups, arranged around the origins of the corresponding arteries. They 
receive a few vessels from the lateral aortic glands, but their principal afferent® 
are derived from the viscera supplied by the three arteries with which they are 
associated. Some of their efferents pass to the retro-aortic glands, but the 
majority unite to form a common trunk, the truncus intestinalis, which enters 
the receptaculum chyli. The retro-aortic glands are placed below the recepta¬ 
culum chyli, on the bodies of the third and fourth lumbar vortobrse. They 
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receive lymphatic trunks from the lateral and pre-aortic glands, while their 
efferents terminate in the receptaeulum cli^’li. 

The lymphcdic vessels of the waUs of the abdomen and 'pelvis may be divided 
into two sots, superficial and deep. 

The su'perticial vessels follow the eourse of superficial blood-vessels 
and converge to the upp(?r group of the superfitfial inguinal glands. Those 
derived from the integument of the front of the abdomen below tlu^ 
umbilicus follow the courses of the supcTficial epigastric vessels, and those 
from the sides of the lumbar part of tl>e abdominal wall pass along the cri'st 
of the ilium, with the superficial circumflex iliac vessels. The superficial 
lymphatic vessek of the gluteal region turn horizontally round the outer side 
of the buttock, and join the superficial inguinal glands. 

The deep vessels run alongside the principjil blood-vessels. Those of the 
parietes of the pelvis, which accomi)any the gluteal, sciatic, and obturator 
vessels, follow the course of the internal iliac artery, and ultimately join th<‘ 
lateral aortic glands. 

L/ymphaiic vessels of the perinceum and external genitals. —^The lymphatic 
vessels of the perinajuin, of tiui integument of the p(mis, and of the scrotum 

Fi«. 662.—Lymphatics of stomach, &c. (Jamieson and Dobson.) 

Pitracanhiil ijiaiiils 



liight gaiitru-fjnjtloic glands 


(or vulva), follow the course of the external pudic vess<?l8, and terminate 
in the superficial inguinal glands. Those of the glans penis vel clitoridis 
terminate partly “in the deep inguinal glands and partly in the external 
iliac glands. 

The visceral g'lands arc associated with the branches of the cceliac 
axis, superior and inferior mesenteric arteries. Those related to the branches 
of the cceliac axis artery form three chains, coronary, hepatic, and splenic, 
which accompany the corresponding branches of the artery. 

The glands of the coronary chain (lymphoglandul® gastricaj superiores) 
are divisible into three groups, viz. : (a) upper coronary, on the stem of the 
artery ; (6) lower coronary, accompanying the descending branches of the 
artery along the cardiac half of the lesser curvature of the stomach, between 
the two layers of the small omentum ; and (c) paracardial ‘ outlying members 
of the coronary chain, disposed in a manner comparable to a chain of beads 
around the neck of the stomach ’ (Jamieson and Dobson).* 

The glands of the coronary chain receive their afferents from the stomach ; 
their efferents pass to the cceliac group of pre-aortic glands. 

* Lancet, April 20 and 27,1907, 
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The glands of the hepatic chain (lymphoglandulse hepaticse) (fig. 662) 
consist of the following groups : (a) hepatic, on the stem of the hepatic 
artery, and extending upw^ards along the common bile-duct, between the two 
layers of the gastro-hepatio omentum, as far as the transverse fissure of the 
liver; thc! cystic gland, a member of this group, is placed near the neck of 
the gall-bladder; (h) svttpyloric, four or five in number, in close relation to 
thc bifurcation of t,h(5 gastro-duodenal arlcny, in the angle between the first 
and second parts of the duodenum ; an outlying member of this group is 
sometirn(is found above the duodenum on the pyloric artery; (c) rigM gastro¬ 
epiploic (lymplioglandula} gastricae inferiores), four to seven in number, bt'tw'een 
the two layers of thc great omentum, along thc pyloric half of the greater 
curvature of the stomach. The glands of tlio hepatic chain receive afferents 
from the stomach, duodenum, liver, gall-bladder, and pancreas ; tlieir efferents 
join tlie eceliac group of pre-aortic glands. 

Fia. 663.—Lymphatics of stomach, &c. The stomach has been turned upwards. 

(Jamieson and Dobson.) 



The splenic glands (lymphoglandulse pancreaticolienales) (fig. 663) accom- 
l)any the splenic artery, and are situated in relation to thc posterior surface and 
upper border of the pancreas ; one or two members of this group are found in 
tlic gastro-si)lenic omentum (Jamieson and Dobson, op. cit.). Their afferents. 
are derived from t he Htoma(;h, spleen, and pancreas ; their efferents join the 
coeliac group of pi c'-aortic glands. 

The superior mesenteric glands may be divided into three principal 
groups : mesenteric, ilco-colic, and mcso-colic. 

Tlie mesmieric glands (lymphoglanduljB mesenteric®) (fig. 664) lie between 
the layers of the mesentery. They vary from one hundred to one hundred and 
fifty in number, and ma,y be grouped into three sets, viz.: one lying close 
to the wall of the small intestine, amongst the termini twigs of the superior 
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mesenteric artery ; a second, in relation to the loops and primary branches of 
the vessel; and a third along the trunk of the arterj’^. 

AjypUed Anatomy. —Enlargement of the mesenteric lymphatic glands is seen in must 
diseased conditions of the intestinal tract, and is well marked in enteric fever, tuberculous 
ulceration or malignant growths of the bowel. The enlarged glands can often be 
palpated through the wall of the abdomen. 

The ileo-colic ylands (fig. 665), from ton to twenty in number, form a (diain 
around the ileo-colic artery, but show a tendency to subdivision into two groups, 
one near the duodenum and another on the lower ])artof the trunk of the artery. 
Where the vessel divides into its terminal branches the chain is broken uj) 
into several grotips, viz. : {a) ileal, in relation to tlic ileal branch of tlu*. artery ; 
(6) anterior ileo-colic, usually of three glands, in the ilco-(!olie fold, near the wall 


Fia. 664.—Lym})hatics of colon. (Jamieson and Dobson.) 



of the caecum ; (c) posterior ileo-colic, mostly placed in the angle between the 
ileum and the colon, but partly lying behind the ciecurn at its junction with 
the ascending colon ; (d) appemlicular, usually a single gland, between the 
layers of the meso-appendix, near its free edge ; (e) right colic, along the inner 
side of the ascending colon. 

The meso-colic glands are numerous, and lie between the layers of the 
transverse meso-colon, in close relation to the transverse colon ; they are best 
developed in the neighbourhood of the hepatic and splenic flexures. One or 
two small glands are occasionally seen along the trunk of the right colic artery, 
and others are found in relation to the trunk and branches of the niiddle 
colic artery. 

The superior mesenteric glands receive afferents from the jejunum, ileum, 
caecum, vermiform appendix, and the ascending and transverse parts of the 
colon ; their efferents pass to the pre-aortio glands. 
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The inferior mesenteric glands (fig. 664) consist of: («) small glands on 
the branches of tlic loft colic and sis'moid arteries; (6) agroui) in the pelvic 
mesocolon, around the superior haemorrhoidal artery; and (c) a pararectal 
group in contact with the muscular coat of the rectum. They drain the 
descending, iliac, and pelvic parts of the colon and the upper part of the 
rectum ; llieir efferents pass to the pre-aortie glands. 

Tliv lymphatic vessels of the abdominal and pelvic w'seem consist of : (1) those 
of the subdiaphragmatic portion of the alimentsiry canal and its associated 
glands, the liver and pancreas ; (2) those of the spleen and suprarenal bodies ; 
(3) those of the urinary organs ; (4) those of the reproductive organs. 

(1) Tlie lymphatic vessels of the subdiaphragmatic portion of the alimentary 
canal ar<^ situated partly in the mucous membrane and partly in the sero¬ 
muscular coats, but as the forrtujr .svstem drains into the latter, the two may 
be considered as otic. 

The lymphatic vessels of the stomach (figs. 662, 663) are continuous at the 
cardiac; end with those of the oesophagus, and at the pyloric end with those of 

Fio. C65.—The lynn)hatics of Ciucum and vermiform appendix, from the front. 

(Jamieson and Dobson.) 


Diinilimum 



the duodenum. They mainly follow the blood-vessels, and may be arranged 
in four sets. Those of the first set tw;company the branches of the coronary 
artery, receiving tributaries from a large area on either surface of the stomach, 
and terminate in the glands of the coronary chain. Those of the second set 
drain the fundus of the stomach on the left of a line drawn vertically from 
the cesophagus ; they accompany, more or less closely, the vasa brevia and left 
gastro-epiploic arteries, and end in the splenic glands. The vessels of the third 
set drain the right portion of the greater curvature as far as the pyloric canal, 
and end in the right gastro-epiploic glands, the efferents of which pass to the 
Bubpyloric group. Those of the fourth set drain the pyloric canal and pass to 
the hepatic and subpyloric glands, and to the glands of the coronary chain. 

The lymphatic vessels of the dvadenum consist of an anterior and a posterior 
set, which open into a scries of small pancreatico-duodenal glands on the anterior 
and posterior aspects of the groove between the head of the pancreas and the 
duodenum. The efferents of these glands run in two directions, upwards to 
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the hepatic glands and downwards to the pro-aortic glands around the origin 
of the superior mesenteric arte,ry. 

The lymphatic vessels of the jejunum and ileum are termed la deals, from the 
milk-white fluid they contain during intestinal digestion. They ran between 
the layers of the mesentery and enter the mesenteric glands, the efferents of 
w'hich terminate in the pre-aortic glands. 

The lymphatic vessels of the vermiform appendix and ccecum (figs. 665, 666) 
are numerous, since in ttie wall of the appendix there is a large amount of 
adenoid tissue. From the body and tail of the appendix eiglit to fifU'cn vessels 
ascend between the layers of the meso-appendix, one or tu'o being inteiTupted 
in the a])pendieular gland. On reacihing the stem of the appendicular arteiy, 
they unite to form three or four vessels, which end partly in tlie lower and 
partly in the upper glands of tlie ik)o-colie chain. The vessels from tlic root of 
the appendLv and from the caecum consist of an anterior and a posterior 
group. T’he anterior vessels pass in front of the cK*c,um, and end in the 
anterior ileo-colic glands, and in the upper and lower glands of the ileo-colic 


Fio. 66().—Tlio lymphatics of ca'ciirn and ’ ermiform appemlix, I’rotn behind, 

(Jamieson and Dobson.) 



chain ; tlu^ posterior vessels ascend over the back of tli(i ca'cum and termi¬ 
nate in the posterior ileo-colic glands and in tlie lower glands of the ileo-colic 
chain. 

Lymphatic vessels of the. colon,. —The lymphatics of tlie ascending and 
transverse parts of the colon finally terminate in the mesenteric glands, after 
traversing the right colic and meso-colic glands. Those of the descending 
and ilio-pelvic parts of the colon are intc-rrupted by the small glands on the 
branches of the left colic and sigmoid arttirics, and ultimately end in the 
pre-aortic glands around tlie origin of the inferior mesenteric artery (fig. 664). 

Lymphatic vessels of the anus, anal canal, and rectum. —^The lymphatics from 
the anus pass forwards and end with those of the integument of the perinseum 
and scrotum in the superficial inguinal glands ; those from the anal canal 
accompany the middle and inferior hajmorrhoidal arteries, and end in the 
internal iliac glands ; while the vessels from the rectum traverse the pararectal 
glands and pass to.those in the pelvic meso-colon; the efferents of the latter 
terminate in the pre-aortic glands around the origin of the inferior mesenteric 
artery. 
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The l^phatic vesada of the Him- are divisible into two sets, superficial and 
deep, [me former arise in the subperitoneal areolar tissue over the entire 
surface of the organ, and may be grouped into : (a) those on the convex 
surface, (6) those on the inferior surface. 

(a) On the convex, aurface .—^The vessels from the back part of this surface 
reach their terminal glands by three different routes : the vessels of the middle 
set, five or six in number, pass through the caval opening in the Diaphragm 
and end in one or two glands which are situated around the terminal part of 
the inferior vena cava; a few vessels from the left side pass backwards 
towards the oesophageal opening, and terminate in the paracardial glands of 
the coronary chain; the vessels from the right side, one or two in number, 
run on the abdominal surface of the Diaphragm, and, after crossing its right 
crus, terminate in the pro-aortic glands which surround the origin of the 
coeliac axis. From the portions of the right and left lobes adjacent to the 
falciform ligament, the lymphatic vessels converge to form two trunks, one of 


jb’ro. 667.—Lymj)hatics of Uie Madder. (Cuneo and Mamille.) 



whieli accompanies the vena cava tlwougli the Diaphragm, and ends in the 
glands around the terminal part of this vc'ssel : the other runs downwards 
and forwards, and, turning round tlie anterior sharp margin of the liver, 
accompanies the ilpper part of the Jigamentuin teres, and ends in the upper 
hepatic glands. From tljc anterior surface a feu’ additional vessels turn round 
the anterior sharp margin to reach the upper hepatic glands. 

{b) On the inferior surface ..—The vessels from this surface mostly converge 
to the transverse fissure, and accompany the. deep lymphatics emerging 
from tliis fissure to the Ijepatic glands; one or two from the posterior parts 
of the right and Spigelian lobes accompany tlic inferior vena cava through 
the Diaphragm, and end in tlie glands round the terminal part of this 
vein. 

Tlie deep lymphatics converge to ascending and descending trunks. The 
ascending trunks accompany the hepatic veins and pass through the Diaphragm 
to end in the glands round the terminal part of the inferior vena cava. The 
desoendmg trunks emerge from the transverse fissure, and end in the hepatic 
glands. 
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The lymphalic vessels of the gaU-bladder pass to the hepatic glands in the 
fissure of the hver; those of the common hUe-mtct to the hepatic 
gla^ alongside the duct and into the upper pancreatioo-duodenal glands. 

The lymphatic vessels of the pamreas follow the course of its blood-vessels. 
Most of them enter the glands of the splenic chain, but some end in the 
panereatico-duodenal glands, and others in the pre-aortic glands, near the 
origin of the superior mesenteric artery. 

(2) The lymphatic vessels of the spleen and suprarenal glands. 

The lymphatic vessels of the spleen, both superficial and deep, pass to the 
splenic glands in the lieno-renal ligament. 


Fio. G68.—Lymphatics of the i)ro.state, (Cuneo and Marcille.) 



a, l>. UM^riint iUacKlaiJils. c. A Phsij ilruiniiii,'intunvUTualUiacRlumls. d. Uctro-prostiiUr iyiiinli-nodi». e. \Csaela 
ariuiimR mto Riaud oil Hac-r»l promontory, f. Ulmid In Iroiit of tiHcrnl proraoutory. f/. Lateral auu'al nlandfl 
//. Middle hii'iuorrlioidHl ^land. Middlu iuii'niorrUoiUtil lymphatic \csBclti, 


The lymphatic vessels of the suprarenal glands usually accompany the 
suprarenal veins, and end in the lateral aortic glands ; occasionally some 
of them pierce the crura of the Diaphragm and terminate in the glands of the 
posterior mediastinum. 

(3) The lymphatic vessels of the urinary organs. 

The lymphatic vessels of the kidney form three plexuses: one in the substance 
of the kidney, a second beneath its fibrous capsule, and a third in tlio peri- 
nepliric fat; the second and tliird communicate freely with each other. 

The vessels from the plexus in the kidney substance converge to form four 
or five trunks which issue at the hilus. Here they are joined by vessels 
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from the plexus under the capsule, and, following the course of the renal 
vein, end in the lateral aortic glands. The perinephric plexus is drained 
directly into the upper lateral aortic glands. 

The lymphatic vessels of the ureter run in different directions. Those from 
its upper portion end partly in the efferent vessels of the kidney and partly 
in the lateral aortic glands; those from the port.ion immediately above the 
pelvic brim are drained into the common iliac glands ; while the vessels from 
the intrapclvic portion of the. tube join the efferents fi'ora the bladder, or 
terminate in the intt*rfial iliac glands. 

The lymphatic vessels of the bladder (fig. 667) originate in two plexuses, an 
Ultra- and an extra-muscular, it being generally admit-ted that tlie muc!OUS 


Fm. 669.—Lymphatics of the uterus. (Cundo and Marcille.) 
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membrane is devoid of lvm])batics.* The (afferent vesseds are arranged in two 
groups, one from the anterior and another from the posterior surface of the 
bladder. Tlic vessels from the anterior surface pass to the external iliac 
glands, but in them course minute glands are situated. Tliese minute glands 
are arranged in two groups, an anterior vesical group, in front of the bladder, 
and a lateral vesical, in i-elation to the hy])ogastric artery. The vessels from 
the posterior surbme pass to the internal, external, and common iliac glands ; 
those draining the upf>er part of this surface traverse the lateral vesical glands. 

The lymphatic vessels of ike prostate (fig. 668) terminate chiefly in the 

• Some authorities iiiaiiitaiii that a plexus of lymphatic vessels does exist in the mucous 
membrane of tlic bladder (eonsult Mideviiw opnratoire den Voies nrinairet, par J. Albarran, 
Paris, 1909). 
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internal iliac and sacral glands, but one trunk from the posterior surface ends 
in the external iliac glands, and another from the anterior surface joins the 
vessels which drain the membranous part of the uredhra. 

Lymphatic vessels of the, urethra. —The lymphatics of the penile portion of 
the urethra accompany those of the glans penis, and terminate with them in 
the deep inguinal and external iliac glands. Those of the memhratums and 
prostatic portions, and those of the whole urethra in the femahi, pass to the 
internal iliac glands. 

(4) Tfte lymphatic vessels of the rcprodwlive organs. 

The lymphatic vessels of the,testes (jonsist of two sets, superficial and deep, 
the fornu'r'commmcmg on the surface of the tuni<;a vaginalis, tlu^ latter in 
the epididymis and bodj"^ of the testis. They form several large trunks, 
which ascend with the spermatic cord, and, accompanying the spermatic 
vessels into tlu! abdomen, terminate in tlie l ateral aortic glands. 

The lijmphal ic vessels qf the vas deferens pass to the extcriial iliac glands ; 
those of the vcsiculm seminales j)artly to the internal and partly to the external 
iliac glands. 

The lymphatic vessels of tike ovary are similar t») those of the testis, and 
ascend with the. ovarian artery to the lateral aortic glands. 

The Ij/fnphatic vesselsjf .the FxiUopiaM.Uuhe pass partly with those of the 
ovary and jiartly with those of th(' ut('rus. 

'Y\\e. Jympltatic vessels of tike, uterus (fig. 669) consist of two sets, superficial 
and deej), the former beiiTg ])hirc(rbeneath the peritoneum, the latter in the 
substance of the. organ. The lymphatics ^pf the ce rvix ute ri run in three 
directions : transversely to the external ilia() glamTs, posli'vo-laterally to the 
internal iliac glands, .and posteriorly to the* (‘ommon iliac glands. The majority 
of tile vjasiiiils.jof.the body and fuiiilus of tin* uterus pass outwards in the broad 
ligaments, Jind are continued up with tin* ovarian vessels to t.lie lateral aortic 
glands : a few, however, jun to th(‘ external iliac glands, and one or two to 
the sujx-rficial inguinal glands. In tlu' unimpregn.ated uterus, the lympliatic 
vessels aiai very small, but during gestation are greatly enlarged. 

1Mi(> IjimplMlic vejtsels ol’thc vaaina are carried in Iliree directions : those of 
the upper’ .paxt-tu .the external iliac glands, those of tlu* i piddle pa rt to the 
intmial ilisw glands, and those* of the lo wer par t to the common iliae glands. 
()n tlu* eonrse of those fi’oni the middle and lower parts small glands are 
situated. Some lymphatics from the loAver jairt. of the vagina join those of 
the vulvit, and pass to tlm .superficial inguinal glands. The lym})hatic8 of tlu! 
vagina aniist(nno.se with those of the eervix uteri, vulva, and r(*etiim, but not 
with those of the. bJaddeu’. 


LYMPHATICS Ol^’ THE THORAX 

The lymphatic glands of the thorax may be divided int.o parietal and 
visceral--the forin«*r being situated in tlie thoracie vs all, tlie latt er in relation 
to the viscera. 

The parietal lyjnphatic glands include* t lu* internal mammary, intercostal 
and diaphragmatic glands. 

1. The internal mammary glands are placed at the antt^rior extremities 
of the intercostal spacies, by the. side of tlie inleriial mammary* artery. Tlu'y 
derive afferents from tlie mammary gland, from the deejier straotures of the. 
anterior abdominal wall above the level of the umbilicus, from the upper 
surface of tlu* liv(*r through a small group of glands which lie behind the ensi- 
form cartilage, and from the deeper parts of the anterior portion of the thoracic! 
wall. Their efferents usually unite to form a single trunk on either side ; this 
may open directly into the junction of the internal jugular and subclavian 
veins, or that of the right side may join the right subclavian trunk, and that 
of the left the thoracie duet. 

2. The intercostal glands (lymphoglandulse intorcostales) occupy the 

i iostcrior parts of the intercostal spaces, in relation to the intercostal vess(*ls. 
They receive the deep lymphatics from the postero-lateral aspect of the cliest ; 
some of these vessels arc interrujited by small lateral intercostal glands. The 
efferents of the glands in the lower four or five spaces unite to form a trunk. 
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which descends and opens either into the receptaculnm chyli or into the 
f;omn)cneement of the thoracic duct. The efferents of the glands in the 
upper spaces of the left side terminate in the thoracic duct; those of the 
corresponding right spaces, in the right lymphatic duct. 

3. 'Phe diaphragmatic glands lie on the thoracic aspect of the Dia^ 
phragm, and consist of three sets, anterior, middle, and posterior. 

The anterior set consists of (a) two or three small glands behind the base 
of the ensiform cartilage, which receive afferents from the convex surface 
of the liver, and (b) one or two glands on either side near the junction of the 
seventh rib w’ith its cartilage, which receiv^e lymphatic vessels from the front 
part of the Diaphragm. The efferent vessels of the anterior set pass to the 
internal mammary glands. 

The middle set consists of two or three glands on either side close to 
where the phrenic nerves enter the Diaphragm. On the right side some 
of the glands of this group lie within the fibrous sac of the pericardium, on 
the front of the termination of the inferior vena cava. The afferents of this 
set are derived from the middle part of the Diaphragm, those on the right 
side also receiving afferents from the convex surface of the liver. Their efferents 
pass to the posterior mediastinal glands. 

The puHtenor set consists of a fcAV glands situated on the back of the 
diu 2 )hragmatic crura, and connected on the one hand with the lumbar glands 
and on the other w ith the posterior mediastinal glands. 

The superjicial lymphnlic vessels of the, thoracic wall ramify beneath the 
skin and converge to the axillary glands. Tlio.se over the Trapezius and 
Latissimus dorsi run forwards and unite to form about ten or twelve trunks 
which end in the subscapular group. Tliose over the pectoral ic'gion, 
including the vessels from the akin covering the* peripheral 
mamma, run backwards, and those' over the Serratus magnus upwards, to the 

E ectoral gi’oup. Others near the lateral nnirgin of the sternum pass inwards 
ctAvccn tJie rib cartilages and end in the internal mammary glands, while 
the vessels of opiiositc sides anastomose across the front of tlie sternum. A 
tike few vessels from the ujiiier part of tlie peotoial region pass upwards over 
clavicle to the supraclaAicular group of cervical glands. 

The lymphatic vessels of the mammary g/artd originate in a jilexus in the 
interlobular spaces and on the walls of the galactophorous ducts. Those from 
the central part of the gland pass to an intricate filexus situated beneath the 
areola, a ]ilexus which receives also the lymphatics from the skin over the 
central jiart of tlu; gland and those from the areola and nipple. Its efferents 
arc collected into tAvo trunks which pass to the pectoral group of axillary 
glands. The vessels Avhich drain the inner part of tlui mammary gland ijicrce 
the thoracic Avail and end in the internal raarnrnaiy glands, Avhile a Acssel 
has occasionally been seen emerging from the uiJi)tn- part of the gland and, 
piercing the Pectoralis major, to termijiate in the subclavicular glands (fig. 655). 
The deep lympJtalic vessels of the thoracic unll consist of : 

1. The lympliatitis of the muscles which li(^ on the ribs : most of these 
terminate in the axillary glands, but some from the Pectoralis major pass 
to tlie internal mammary glands. 

2. The intercostal lynpihatic vessels Avhich drain the Intercostal muscles 
and parietal pleura. 'I'liose draining the External intercostal muscles run 
backwards and, after iccciving the vessels Avhich accompany the posterior 
braiudics of the intercostal arteries, terminate in tlu* posterior intercostal 
glands. Those of the Internal inti'rcostel muscles and iiarietal pleura consist 
of a single trunk in each space. These trunks run forwards in the subpleural 
tissue and the ujijier six open sejAarately into the internal mammary glands 
or into the vessels Ai hich unite them : those of the loAvcr sjiafies unite to form a 
single trunk Avhich terminates in the loAvest of the internal mammarj’^ glands. 

3. The lymphatic vessels of the Diaphragm, Avhich form tAvo plexuses, one on 
its thoracic and another on its abdominal surface. These plexuses anastomose 
freely Avith each other, and are best marked on the parts covered respectively 
by the pleura} and peritoneum. That on the thoracic surface communifates 
Avith the lymi)hatics of the costal and mediastinal parts of the pleura, and 
its efferents consist of three groups : («) anterior, passing to the glands 
Avhich lie near the junction of the seventh rib with its cartilage; (6) middle, to 
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tJic glands on the oesophagus and to those around the termination of the 
inferior vena cava; and (c) posterior, to the glands which surround the aorta at 
the jwint where tliis vessel leaves the thoracic cavity. 

Tlio plexus on the abdominal surface is composed of fine vessels, and anasto¬ 
moses with the lymphatics of the liver and, at tne periphery of the Diapliragm, 
with those of the subperitoneal tissue. The efferents from the right half of this 
plexus terminate partly in a group of glands on the trunk of the corresponding 
inferior phrenic artery, while others end in the right lateral aortic glands. 
I’hose from the left half of the plexus pass to the pre- and lateral aortic glands 
and to the glands on the terminal portion of the oesophagus. 

Fio. 670.—DisiwBition and relations of the tracheo bronchial lymplmtio glands. (From 
a figure designed by M. Hal]6, and printed in ‘ La Clinique Mfidionle,’ tome iv.) 



1. L*. Trachea. 3. In oininatc tirtcry. 1. .Vrch of aori i. 3. Left urtcry. (>. t*ominon 

carotid ortorv. 7. Thoracic ac hi. K. CEaoplmifUK. . broncluiH. 10. Loft broiuhiiH. 11. KufhtvuKusnerve. 

12. JiiKhi r<‘current laryngeal nerve. 13, 11. i iwtcnor tiiiliDunarv plcxim. 15. (KKopha^'cal phsxus. IG. Loft 

vaj^us nerve. 17. I/'ft recurrent laryntrcal nerve. H. ly. Left pobtenor piilmoiiarv fOexus. 20. OJandh accom- 
pHiiyint; rij^ht recurrent lury itjeal nerve. -M. CilaiitlR aceoinpanyin^' left recurrent Inryiu^eiil nerve. 22. Iti^ht 
trnclieo-bronchial Klunds. 23. Left tracln broiK'li ai prhtudK. 21, 25. Intcrbronolual glands. 2G. Giatnla below 
bifurcation of trsu'liea. 


The visceral lymphatic glands consist of three groups, viz. anterior 
mediastinal, posterior mediastinal, and trachco-bronchial. 

The anterior mediastinal glands (lymplioglandulae mediastinales an- 
toriores) are placed in the anterior part of the superior mediastinum, in front 
of the arch of the aorta and in relation to the innominate veins and the large 
artflHal trunks which arise from the aortic arch. They receive afferents 
from the thymus gland and pericardium, and from the internal mammary 
glands; their efferents unite with those of the trachco-bronchial glands, to 
form the right and left broncho-mediastinal trunks. 
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The posterior mediastinal glands (lymphoglandulae mediastinales 
posteriores) lie beliind the pericardium in relation to the cesophagus and 
descending thoracic aorta. Their affercnts are derived from the cesophagus, 
the posterior part of the pericardium, the Diaphragm, and the convex surface 
of the liver. Their efferents mostly terminate in the thoracic duct, but some 
join the tracheo-bronchial glands. 

The tracheo-bronchial glands (fig. 670) form three main groups in 
relation to the bifurcation of the trachea- one on cither side of the trachea 
above the bronchi, and one in the angle between the bronchi (lymphoglandulaj 
tracheales) ; other glands, tcirmed intarbremehial (lymphoglandulse bronchialos), 
are found at the points of division of tlie larger bronchi. The atferents 
of the tracheo-bronchial glands drain tin*, lungs and bronchi, the thoracic 
part of the trachea and tlm heart; some of the efferents of the posterior 
mediastinal glands also terminate in this group. Their efferent vessels ascend 
upon fhc trachea and unite with efferents of the internal mammary and 
anterior mediastinal glands to fortri the right and left broneJio-mediastinal 
trunks. The right broncho-mediastinal trunk may join the right lymphatic 
duct, and the left the thoracic duct, but more frequently they opcji 
independently of thc\s(i ducts into the junction of the internal jugular and 
subclavian veins of their own side. 

Applied Anatomy .—In all town-dwelJers Ihoj'o arc continually hoin^; swej>t into these 
glands from the bronchi and alveoli large quantities of the dust and black carbonaceous 
pigment that are so fi'eely inhaled in cities. At first the, glands are moderately enlarged, 
firm, inky black and gritty on section ; later they enlarge still further, often becoming 
fibrous from the irritation set up by the minute foreign bodies with which they ai’e crammed, 
and may bi-eak down into a soft slimy mass or may calcify. In tuberculosis of the lungs 
these glands arc practically always infected; they enlarge, being filhsd with tuberculous 
deposits that may soften, or become fibrous, or calcify. Not infrequently an enlarged 
tul)ereulouB gland perforates into a Inonchus, discharging its contents into the tube. When 
this happens there is great danger of acute ]iuhnonary tulx'txsiikisis, the infecting 
gland-substance being rapidly spread thi'oughout the bronchial system by the coughing 
its presence in the air-])a.sHages excites. 

The lymphatic, vessels of the thoracic viscera consist of tfiosc of the heart 
and pericardium, lungs and pleura, thymus, and (esophagus. 

Tlie lymphatic vessels of the heart consist of two plexuses, (a) deep, 
immediately under tlie endocardium, and (b) superficial, subjacent to the 
visceral pericardium. The dtu^p plexus opens into the superficial, the efferents 
of which form right and left collecting trunks. The left trunks, two or three 
in number, ascend in the anterior interventricular furrow, receiving, in their 
course, affiu’ents from both ventrich's. On reaching tlu; auriculo-ventricmlar 
fuiTOW they are joined by a large trunk from the back of the heart, and then 
unite to form a single vessel w hich ascends be-tw'een the pulmonary artery 
and the left auricle and ends in one of the tracheo-bronchial glands. The 
right trunk receives its affercnts from the right auricle and from the right 
border and posterior surface of the right ventricle. It ascends in the posterior 
auriculo-ventricular groove and then runs foiward in the aurioulo-ventricular 
groove, and passes up behind the pulmonary artery, to pnd in one of the 
tracheo-bronchial glands. 

The lymphatic vessels of the lungs originate in two plexuses, a superficial 
and a deeji. The superficial plexus is plactid beneath the visceral pleura. 
1’he deep accompanies the branches of the pulmonary vessels and the rami¬ 
fications of the bronchi. In the case of the larger bronchi the deep plexus 
consists of two networks, ojic, submucous, beneath the mucous membrane, 
and another, peribronchial, outside the walls of the bronchi. In the smaller 
bronchi thc.re is but a single plexus, which extends as far as the bronchioles, 
but fails to reach the alveoli, in the w'alls of which there are no traces of 
lym])hatic vessc.ls. The superficial efferents turn round the borders of the 
lungs and the margins of their fissures, and converge to end in some glands 
situated at the hilus; the deep efferents are conducted to the hilus a|png 
the pulmonary vessels and bronchi, and end in the tracheo-bronchial glands. 
Little or no anastomosis occurs between the superficial and deep lymphatics 
of the lungs, except in the region of the hilus. 
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The lymphatic vessels of the pleura consist of two sots—one in the visceral 
and another in the parietal part of the membrane. Those of the visceral pleura 
drain into the supei’ficial efferents ot the lung, while the lymphatics of 
the parietal pleura have three modes of ending, viz. : («) those of the costal 
portion join the lymphatics of tlic Internal intercostal muscles and so reach 
the internal mammary glands ; {h) those of the diaphragmatic part are drained 
by the efferents of the Diaphragm ; while (c) those of the mediastinal portion 
t(!rininate in the posterior mediastinal glands. 

The lymphatic vessels of the thymus gland terminate in tlie 8uj)ei'ior 
mediastinal, traeheo-bronchial, and internal mammary glands. 

The lymphatic vessels of the oesophagus form a plexus round that tulie, 
and the collecting vessels from the plexus drain into the ]*()stcrior niediast inal 
glands. 



NEUEOLOGY 


rpHE Nervous System is tlie most complicated and llie most highly organised 
I of the various systems wliioh make up the human body. It may be divided 
into two parts, central and peripheral. 

The central nervous system consists of (a) an upper expanded portion, 
the brain, contained within the cranium, and (6) a lower, elongated, nearly 
cylindrical portion, the spinal cord, lodged in the vertebral canal; the two 
portions are continuous with one another at the level of the upper border 
of the atlas. 


The peripheral nervous system consists of a sei-ies of nerves by wliicli 
the central nervous system is connected with tlu! various tissues of the body. 
For descriptive purposes these nerves may be arranged in two groups, cerebro¬ 
spinal and sympathetic, tlie arrangement, however, being an arbitrary one, since 
the two groups ai'c intimately c*onnected and closely intermingled. The cerebro¬ 
spinal nerves aa?.,fprty-thr< 3 c in number on either side—twelve cramai, attached 
taJJm.,JjKaia^imd. thirty-one spinal, to the s nmal eord. They are as.8eidated 
. the functiona ol.jLhe special and .gencraL^cnsesiind.uith 

re gulat e .the umKements of the viscen)>». detei'mine the calibre .of. .the blood- 
vc.sap1.o fi.ed co n tr ol tfae phenomena of secretion. In relation with them are two 
r<iwff {} i i ^^ntral yaruylia, situated Qpe.on either side of the middle, line in front 
of the YeytphyM eulmnn ; these ganglia are intimately connected with the 
spinal cord and nerves, and are also joined to eaclT otlier By vertical strands of 
nerve-fibres so as to cpn.stit.nt.R a pair of knotted cords, t he g an gU ated cords of 
<%, jtym.jMih.eiir. which reach from the base of the skull to the cocc^yx. The 
sympathetic, nerves issuing from the ganglia tnrm^.hirfy. great. prfty^|;te|>ral 
plfixnseiJ whicJu.uppiy,thfi, thQrftcic, .9,bdojiniftal*,and pelvic yiscera ; in r^lon 
to the u alls of these viscera intricate nerve plexuses and numerous peripheral 
ganglia ore found. 

The,nervous system, is built up of-nervous-and•noBrawvous'-tissueH—the 
former consisting of nerve-cells and nerve-fibies ; the latter, of neuroglia and 


blood-vessels, together with certain enveloping membranes. 

The minute structure of the nervous elements, and of the neuroglia, has been 
described in the chapter on Histology (pp. 42 to 65) ; and ,an outline of the 
dcvelopnient of the nervous system furnished in that on Embryology (pp. 115 
to 128). It may be stated hcire, however, that, in its earliest condition, the 
nervous system consists of cells only, and that the nerve-fibres arise as 
outgrowths from the cells. 

The embryonic nerve-cells, or neuroblasts, as they are termed, are at first 
spherical, but soon become pear-shaped, and the atbmuated end of each cell 
grows out to form a slender process, the axon, while from the body of the cell 
other jwocesses, termed dendrites, arise. The axon may run for a shorter 
or longer distance as the axis cylinder of a nerve-fibre, or may break up at once 
into numerous delitiate filaments, as in the Golgi (ieU, type II. Dendrites 
and axons an^ alike conductors of nervous impulses : the former,, however, 
convey them to, the latter from, the nerve-cells ; in other words, the dendrites 
form the paths of rec.eption, the axons those of transmission. 

The nerve-cell and its processes collectively constitute what is termed a 
neuron, and Waldeyor fonnulated the theory that the nervous system is 
built up of numerous neurons, ‘ anatomically and genetically independent of 
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one another.’ Accoi’ding to this theory {neuron theory) the processes pf one 
neuron only come into contact, and are never in direct continuity, with those 
of other neurons; while impulses are transmitted from one nerve-cell to 
another through these points of contact. This theory is baaed on the following 
facts, viz. : (1) embryonic ncrvc-cells or neurobiasts are entirely distinct 
from one another; (2) wh<*n rjcrvous tissues arc stamed by the Golgi method 
no continuity is scon even between neighbouring neurons ; and (3) when 
degenerative changes occur in nervous tissue, either as the result of disease 
or experiment, they never spread from one; neuron to anothei*, but are limited 
to the individual neurons, or greups of neurons, })riraarily a.ffected. It 
must, however, be added that within the past few years the validity of the 
neuron theory has been called in (pupation by certain eminent histologists, 
who maintain that by the (*n)ployment of more delicate histological methods, 
minute fibrils can be followed frfun one nerve-eell into another. 

The Spinal Cobd 

The spinal cord (medulla spinalis) forms the elongated, nearly cylindrical, 
pai't of the central nervous system whicii occupies the upjKiV two-thirds of 
the vertc'bral canal. Its average length in the male is about eighteen iiudies 
(+.'> cm.), in the female about 

seventeen inches (42-43 cm.),while Fio. 671.—Showing the reliition of the sinnal 

its weight amounts to a little eonl to the doi-sal suii'aco of the tnink. 
ovei‘ an ounce. It extends from The vertebnr. &c., arc outlined in red. 
the level of the upper border of 
the atlas to that t)f tlm lower 
border of the firet, or up[)er border 
of the second, lumbar vertebra 
(fig. 671). Above, it is directly 
continuous with the hind-brain; 
below, it ends in a conical extre¬ 
mity, the conus mcdullaris, from 
*thc apex of which a delicate 
filament, the filuni terminale, is 
continued downwards as far as 
the first segment of the eocevx 
(fig. 672). 

The position of the spinal cord 
varies with the movements of the 
vertebral column, its lower extre¬ 
mity being drawn slightly upwards 
when the column is flexed. It also 
varies at <iifFerent periods of life : 
up to the third monlh of foetal 
life the cord is as long as the canal 
in w'hich it lies, hut from this stage 
onwards the vertebral column elon¬ 
gates more rapidfy than the cord, 
so that by tlie end of the fifth 
month the cord tenninates at the 
base of the sacrum, and at birth 
about the level of the third lumbar 
vertebra. 

The spinal co)rd docs not nearly 
fill the canal in which it lies, 
being ensheathed by three protec- 
tiye .jiieiia.branes, separated from 
each other by' .two concentric 
spaces. The three membranes are 
named from without inwards the djjra mater, the arachnoid metaibrane, and 
the pia mat er. The dura mater is a strong, fibrous membrane which forrns a 
wide, tubular sheath around the cord ; this sheath extends below the termina¬ 
tion of the cord and ends in a pointed cul de sac at the level of the lower 
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bordep of the second sacral vertebra. The dura mater is separated from the 
wall of the vertebral canal by a quantity of loose areolar tissue and a plexus 
of veins, wliile betAveen it and the subjacent arachnoid membrane is a 
capillary interval, the subdural space, which contains a small quantity of 
fluid, probably of the nature of lymph. The arachnoid membrane is a thin, 
transparent sheath, separated from the pia mater by a comparatively wide 
interval, the subarachnoid space, which is filled with cerebro-spinal fluid. The 
pia mater closely invests the eord and sends delicate sej)ta into its substance ; a 


Fio. 672.—Sagittal seclipn of Bpiiial I'^u. 67.‘}.—Cauda equina and filum terininale 

canal to show the lower end of seen from behind. The dura mater has been 

the spinal cord and the filum opened and spread out, and the arachnoid 

terminale. (Testut.) inembrane has been removed. 



Ll. Lv. First aiid Jifth lumbar vi*rf4ibrfr. 
1 :!aU. ^ectmd sacral vertebra, i. Jiiiru uiuter. 

Jjuwf^r part of tube of dura mater. 
H. I tower extreuiity of Kimial curd. 
4, iutra-duraly and 5, J<«xtra-dura1 por* 
tioiiB of lilmu termiualc. C. AttachmcTit 
of tiluru tA^riiiinale to first sc^mont of coccyx. 

narrow band, the ligamentum 
denticulatum, extends along 
each of its lateral surfaces, 
and is attached by a series of 
pointed processes to the inner 
surface of the dura mater. 



Thirty-one jmirs of spinal 

nerves spring from the lateral aspects of the spinal cord, each nerve having 
an .anterior or ventral, and a posterior or dorsal root, the latter t)eing 
distinguished by the presence of an oval swelling, the spinal ganglion, whicli 
contains numerous nerve-etills. Each root consists of several bundles of 


nerve-fibres, and as these bundles pass inwards to reach the lateral aspect 
of the cord they diverge from each other so that the attachment of the 
nerve-root extends for some distance along the side of the cord. The pairs 
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of spinal nerves are grouped as follows: cervical 8. thoracic 12, lumha^ 5, 
6, coccygeal 1, and, for convenience of description, the cord is divided 
into cervical, thoracic, lumbar and sacral regions, corresponding with these 
different groups of nerves. 


Although no trace of trans¬ 
verse segmentation is visiblc 
on the surface of the spinal 
cord it is convenient to regard it 
as being built up of a series of 
superimposed spinal se^gments or 
neuromeres, each of which has 
a length equivalent to the 
extent of attachment of a pair 
of spinal nerves. Since fhc. 
distanc/C between the successive 
pairs of nerves varies in differ¬ 
ent parts of the cord, it follows 
that the spinal segments are of 
varying lengths; thus, in tlie 
c-erviciil region they average 
about thirteen millimetres, in 
the mid-thora(;ic region about 
twenty-six millimetres, while 
ill the lumbar and sacral regions 
they diminish rapidly from about 
lifteen millimetres at the level 
of the first pair of lumbar nerves 
to aljout four millimetres oppo¬ 
site the attachments of the lower 
sacral nerves. 

As a consequence of the 
unequal ’ rate of growlli of 
lire spinal cord and vertebral 
column, the nerve-roots, which 
at first passed transversely 
outwards to reach their rcspc.c- 
tive intervertebral foramina, 
b<‘come more and more obhque 
in direction from above down- 
Avards, so that the lower part 
of the tubular sheath of dura 
mater is oceu})ied by the lumbar 
and saefal nerves, which de¬ 
scend almost vertically to reaeli 
their points of exit. ]^Yom the 
appearance these nerves pre¬ 
sent at their attq^hnicjit to the 
cord and from their great length 
they are coUcetively termed tlic 
e/ju imi (fig. 673). 

The filmn terminale is a 
delicate filament, about eight 
inches in length, prolonged 
downw'ards ftom the apex of 
the conus medullaris. It con¬ 
sists of two parts, an upper and 
a Iqwei*. The upper part, or 
Jilv/m krminak'TTtterimm, mea¬ 
sures about six inches in length 
and reaches as far as the lower 
border of the second sacral ver¬ 
tebra. It is contained within 



the tubular sheath of dura Ventral aspect Dorsal aspect 
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mater, and is surrounded by the nerves forming the cauda equina, from which 
it can be readily recognised by its bluish-white colour. The lower part, or 
filum terminale externum, is closely invested by, and is adherent to,, the dura 
jnater; it extends dowTiwards from the apex of the sheath and is attached 
to the back of the first segment of the coccyx. Tlie filum terminale consists 
mainly of fibrous tissue, continuous above with that of tJie pia mater. Adhering 
to its outer surface, however, are a few strands of nerve-fibres w'hich probably 
represent rudimentary second and third coccygeal nerves ; further, the central 
canal of the spinal cord extends doMTiwards into it for two or three inches. 

Hnlarg'ements. —The sjfinal coid is not quite (jylindritial, being slightly 
flattened from bt'fore backwards; nor is it of uniform chcumference 
throughout, but presents two swellings or enlargements, an upper or cervical, 
and a lower or lumbar (fig. 674). 

The cervical enlargement (inturaescentia cervicalis) is the more pronounced of 
the two, and corresponds with the attachments of the large nerves which supply 
the upper limbs. It extends from about the third cervical to the second 
thoracic vertebra, its maximum cinmmfereuce (about thirty-eight millimetres) 
being on a level with the origin of the sixth pair of cervical nerves. 

The lumbar enlargement (intumescentia luinbalis) gives attachment to the 
nerves which supply the lower limbs. It commences about the level of the 
ninth thoracic vertebra, and reaches its maximum circumference, of about 
thirty-three millimetres, oi)posite the last thoracic vertebra, below' which it 
tapers rapidly into the (onus nicdullaris. 

Fissures and sulci (fig. 675).—A pair of median fissures, anterior and 
posterior, dip into the substance of the cord, and incompletely divide it 
into two symmetrical parts, which ar<^ joined across the middle line by a 
commissural band of nervous matter. 

The anterior median fissure (fissura rnediana anterior) is wid('r and shallow'er 
than the posterior : it has an average dejilli of thn'c millim(4reB, hut this is 
increased in the lower part, of the cord. It contains a doubh; fold of pia mater, 
and its floor is formed by a transverse hand of white substance', the white 
commissure (cotnmissura anterior alba), which is j)erforated by blood-vessels 
on tlicir w'ay to or from the central part of tJie cord. 

The posterior median fissure (sulcus nu'dianus posterior) is not an actual 
fissure like the anterior ; it docs not contain a fold of f)ia mater, but merely 
a septum of neuroglia which is intimately luiited with tin* neuroglia in tlu' 
adjacent parts of the cord, and for this I’cason it would be more correct to name 
it the juisterior median septum. It reaches rather more than halfw'ay into th(( 
substan(;e of the cord, and its d<q)th varies from four to six millimetres, but 
diminislw's in the lower part of the cord. 

On either side of the posterior nuidian fissure, and at a short distance from 
it, the posterior nerve-roots are attached to the cord along a vertical furrow' 
named the sulcus lateralis posterior. The portion of Uic cord which lies b etwt'C i.) 
this sulcus and the posterior xnedian fissure is named tlx^ poslerwr cxilumn 
(funiculus posterior). In the cervical and upper thoracic regions this column 
presents a longitudinal furrow', the sulcus intermedius posterior •. this marks 
the position of a septum which extends into the postenor column and 
subdivides it into tw'o fasciculi -an inner, named thf» fnsri^.i dus gracili s or fme# 
qfiJioll ; and an outer, ihoJasdeuMs cuneatus or tract of Burdach (see fig. 68i|. 
The portion of the cord w'hich lies in front of the postc'ro-laieral sulcus is termed 
the antero-laieral column. The anterior nerve-roots, unlike the posterior, 
are not attached in linear series, and their position of exit is not marked by a 
sulcus. They arise by separate bundles w'hich spring from the anterior horn 
of grey matter and, passing forward through the w'hite matter, emerge over 
an area of some alight w'idth. The outermost of these bundles is generally 
taken as a dividing line which separates the antero-lateral column into two 
parts, viz. an anterior column (funiculus anterior), between the anterior median 
fissure and tlu^ outermost of the anterior nerve-roots; and a lateral column 
(flipitsulus lateralis), between the exit of these roots and the postero-lateral 
sulcus In tlic upper part of the cervical region of the cord a series of 
nerve-roots passes outw-ards through the lateral (solumn ; t4heae.u n ii. & ..lLQ form 
the spinal portion of the spinal aetjessory iier.ve,,.w'hich.run§ upw ards and enters 
the, cranial cavity through the foramen, magnum. 
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Internal Structure of the Spinal Cord 

On examining a transverse section of the jiord (fig. 675) it is seen to consist 
of grey a nd white nervous mattfir, the former being enclosed within the latter. 

Grey matter. — Tlie gi-e y ... mg^tte r (substantia grisea) consists of ,t.»,o 
symmetrical portions, one in each half of the cord : tliese are joined across 
tJie middle line by a tra nsverse ba nd, termed the grey commds swe (com- 
mi^sura grisea), tlirougli wTiudi runs a minute canal, of 

the cord, just visible to tlie naked eye. Each half of the grey substance is 
shaped in the form of a comma or crescent, the concavity of which is directed 
outwards ; and these, together with tlie intervening grey commissure, present 
on transverse section t he ap])earanc.e of the letter Jti. Animaginaiy line drawm 
transversely through tlie central canal' serves to divide eacli crescent into 
an anterior or ventral, and a post erior or dorsal cornu. 

The anterior cornu tefllmrinp is directed forwards, and is broad 

and of a rounded or quadi'angular shape. Its posterior part is termed the 
base, and its anterior part the head, but these are not differentiated from each 
otlnw by any well-defined constriction. Jt is separated from the surface of 


Fm. 675.—Transverse section of the spini-1 cord in tho mid-thoracic region. 

Poiilerior virdinn 



the cord by a layer of white matter which is traversed by the bundles of the 
anterior nerve-rdOts. In the thorac ic regio n-^ the postero-extemal part of the 
anterio y QQ,:^nja.. pixtjeots-'outwacds as atiituigular field, which is named the 
lateral cornu ( gQly mn a lateralis ). 

The posterior cornu ( columna poste riori is -and. slender, and is 

diioctcd hockwaxds : it reaches almost as far as the postero¬ 

lateral, sidcus, from which it is iifiparated by only a thin layer pL white sub- 
Btance. the fracf qf Lissauer. Jt consist s of a base, which is directly continuous 
\nth the corresponding part of the anterior horn; auiieck (cervix columnae post.) 
or slightly constricted portion, which is succeeded by an oval or fusiform area, 
term^ t he head (caput columna? post.), o f which t he summit (apex columnae 
post.) approao heaihe post ero-lateraLsuicns. The head is ca pped b y V-ab ap^ 
or cresoentic mass of t ran^unent , gelatinous neuroglia, terme d sy,bstantia 
aelativim^af Eola ndo. whidl ftOUtaina. not only, neuroglia-cells, but numerous 
toiafJjjeifiSrfi-eelJS. Between the anterior and posterior cornua the grey matter 
extends as a series of processes for sorael distance into the lateral column, to 
form a network called the formatio retic ularis . 




Thfl nimTitifa7 t||. ffTPjV as well as the form which it assumes on 

transverse section, varies markedly at difEcrent levels. It is smjdJ^ not ojaly 

in.azoaunt but relatively to tho, surroundmg 
Fio. 676.—Transverse sections white substance, in the thoiacic reg|on^ Its 
of the spinal cord at different amount is greatly increasod,^ in the cervical 

and lumbar enlargements : in the latter, and 

® especially in the conus meduIU^, its propor¬ 

tion to the white matter is greatest (fig. 676). 
^ - In the cervical region its posterior cornu 
t—remains comparatively narrow, wliile its an¬ 
terior is broad and ejq>anded ; in the thoracic 
region, both cornua are attenuated, and the 
lateral horn is evident; in the lumbar enlargc- 

® ment, both cornua are expanded ; while in the 

conus moduUaris th(i grey matter assumes the 
C,2. form of two oval masses, one in each half of 
the cord, connected together by a broad gn^y 
commissure. 

Tlie central canal riinain_ihg„grey. eom- 





C.5. 

C.8. 

Th2. 


missure throughout the entire length of the 
cord. The part of the grey eoiiimissure In 
front of the (tanal is named the anterior 
canmmsurc ; that behind it, tb£i^jsx)skrw„grjy 
Cfmmiaaura. The former is thin, and is in 
contact anterioily with the white connnissure : 
it contains a couple of longitudinal veins, one 
on either side of the middle lin<!. The posterior 
grey commissure readies from the central canal 
to tlie posterior median septum, and is thinnest 
in the thoracic region, and thickest in tlus 
conus medullaris. The central x;anal-4s con¬ 
tinued. upwards through the, lower part of the 
medulla oblongata, and opens, into ihe fourth 
ventricle of the, brain ; below, it reaches for 
a shoi'i distance into the filum teyminale. In 
the .lower part of the conus medulhiris it 
exhibits a fusiform dilatation, the ventriculus 
terminalis ; * this has a vertical measurement 



Th.8. 

m/2 

Z/.5. 

S,2. 

Coc. 


of from eight to ten millimetres, is triangular 
on cross section with its base directed forwards, 
and tends to undergo obliteration after the age 
of forty. 

Throughout the cervical and thoracic regions 
the central „ caual is situated in the anterior 
third of the cord ; in the lumbar enlargement 
it is near the middle, and in the conus medul¬ 
laris it approacihes the posterior surface. It is 
filled witlieixebro-spinal fljuidf, and is lined -by 
cUiated, columnar «pitliclium, outside which is 
an encircling band of gelatinous substance, th.e, 
svhstantia.. g^tinosa centralis. This gelatinous 
substaiKiC consists mainly of neuroglia, but 
contains a few nerve cells and fibres ; it is 
traversed by processes from the deep ends of 
the columnar ciliated colls which line the central 
canal (fig. 677). 

Structure of the grey majtter- —The grey 
matter cousista of Jfig&tlietUJSibh 

numcroy.g.Reo:e;;fifillfl and necYecAbtes. Through¬ 
out the greater part of the grey matter the 
neuroglia presents the appearance of a sponge- 

* Arokwfiir micro. Anat. 1876. 
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like network, but around the central canal and on the heads of the posterior 
cornua it consists of the gelatinous substance already referred to (fig. 677). 
Ihfijjejtye-cells in the grey matter are multipolar, and vary greatly in size and 
shape (fig. 678). They consist of: (1) motor cells of large size, which are 
situated in the jinterior horn, and are especially numerous in the cervical 
and luriibar eniargomonts ; the axons of nearly all these cells pass out to 
form the anterior lierve-roots. but before leaving the white substance they 
frequently give off (iollaterals. whi<ih re-enter and ramify in the grey 
matter.* (2) Cells of small or medium size, whose axons do not emerge 
from -the cord but pass into the white matter; bore some assume an 


Fio. 677.—Section of central canal of Fio. 678.—Cells of spinal cord, 

spinal cord, showing ependymal and (Poirier.) 

neuroglial colls, (v. Lenhossek.) 



ascending, and others a descend¬ 
ing course, but most of them 
divide in a T-shaped manner into 
descending and ascending pro¬ 
cesses. They give off collaterals 
wiiich enter and ramify in the 
grey matter, and the termina¬ 
tions of the axons behave in a 


■•JUi'scciidiiig 


similar manner. "I’he lengths of 
these axons vary grccatly : some 
are short and pass only between 

adjoining segments of the cord, r-Arbormitiim 

while others are longer and con¬ 
nect more distant segments. stiowniK in ionRitudmal section tlie intet- 

These cells and their processes scfinental neurons or tlic srunal coni. 'J'lie grey 

. , • , £ ^ ‘ 1 - and wlUtc piirtH corrcsitond rf^pecuvcly to the 

constitute a senes of USSOCiaitO^t frey and white substance of the spiiiul cord, 

or intcrsegmenial neurons-, which 

link together the different parts of the cord. The axons of most of these cells 
are confined to that side of the cord in which the ncrve-ceUs are situated, 
but some cross to the opposite side through the anterior commissure, and are 
termed r.xpfi!tpd. jihfPJi Some of these latter end directly in the 

grey matter, while others enter the w'hite matter, in which they ascend or 
descend for varying distances, before finally terminating in the grey matter. 
(3) QsUa-ofJhe .typo II. of Golgi, limited to the posterior horn, and found in the 
substantia gelatinosa of Rolando, whoso axons are short and entirely confined 
to the grey matter, in which they break up into numerous fine filaments. 


• Lenhossek and Oajal found that in the chick embryo the axons of a few of these nerve- 
cells passed backwards through the posterior cornu, and emerged as the vietor Jihret of tlie 
poiterior nerve-rootg. These fibres are said to control the peristaltic movements of the intestine. 
Their presence, in man, lias not yet been determined. 

3 F 
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Most of the nerve-cells are arranged in longitudinal columns, which appear as 
groups on transverse section (figs. 679, 680). 

Iierve~cclls in the anteriny h or”- —^The ncrve-ceUs in the anterior horn 
are arranged in columns of varying length, and appear in groups in successive 
transverse sections of the cord. The longest of these cell-columns occupies 
the mesial part of the anterior horn, and is named the anfero-mma Z: it is 
absent only in the fifth lumbar, the first sacral and the uppefpaSroFtEe second 
sacral segments (Bruce).* Behind it is a ^orM-W'^sial column of small ccUs, 
which extends from the second thoracic to the Jirst ljuunbar segment, and is 
also present in the first, sixth, and sev^th cervical segments. 

In the cervical and.lumbar enlargements, where the anterior horn is 
expanded in a lateral direction, the following additional columns are present 
viz.: (a) antero-laieral, in the. fourth, fifth, and sixth cervieal and the second 

Fra. 679.—Mod© of distribution of the nerve-oells in the grey matter. (Schematic.) 

(Testut.) 



1,2. Mcslal'and lateral grouiw of nervc-ivlla in aoterior horn. 3. Ncrve-ceUs in lateralhorn. 4,4. Column 
of Clarke." ,"i. Group of nerve-cells in substmtla Bclatiuosa of Jlolancio. C. Nerve-call of (interior liorn, 
the axou of which is {lassiiiR into tiio ijosterior nerve-root. 7. Cells of substantia gelatinoau entrails. 

H, S'. Solitary i»ll8. 9. Colls of aolgi. 10. Cells of origin of tlic tract of (lowers. Jl. .\nterior root. 

12. Pr«?terior root. 13. Spinal ganglion 

thoracic segments, and in the lower four lumbar and upper tw(f sacral segments ; 
(6) postero-lateral, in the lower five cervical, lower four lumbar, and upper three 
sacral segments; (c) posi-postero-laieral, in the last om^vical, first thoracic, 
and upper three sacral segments ; and (d) a-centred, in the lower four lumbar 
and upper two sacral segments. Solitary cells are scattered throughout the 
base of the anterior horn, the axons of some of which form crossed commissural 
fibres, while others constitute the motor fibres of the posterior nerve-root. 
(See footnote, page 801). 

Nerve-cells in the lateral horn. — These form a column, which is best 
yV^j-had where the lateral Korn of'grey matter is differentiated, viz. jn ,^e 
tj^acic region; but it can be traceci throughout the entire length of the cord,f 
in the form of groups of small cells which are situated in the anterior part of the 

• Tflpoi/raphical A1 lax t>f the Spinal Cord. IflOl. 

f Accfjrdiug to Bruce and Mric Kov. 17, 1!>0(>) thit, column extends from the 

middle of the eighth cervical segment to the lower I'art of the second lumbar or the upper part 
of the third lumbar segment. 
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formatio reticularis. The cells of this column are fusifonn or star-shaped, and 
of a medium size : the axons of some of them pass into the anterior nerve-roots, 
by which they are carried 

to the sympathetic nerves ; Pio. 680. — Transverse aootione of the spinal cor’d at 
while those of others pass different levels to show the arrangement of the 
into the anterior and lateral principal ocll-columns. 


columns, where they become 
.longitudinal. 

Nerve - cells in. the 
posterior horn. — 1. The 

column of Clarke {posterior 
ixsicidar Mtumn). — This 
occupies the inner part of 
the hose of the posterior 
horn, and appears on trans¬ 
verse section as a well- 
defined oval area. It com¬ 
mences below at the level of 
the second or third lumbar 
nerve, and reaches its 
maximum size opposite 
the twelfth thoracic nerve. 



Above the level of the ninth 
thoracic nerve its size 
dirpinishes, and the column 
terminates opposite the last 
cervical or fii’st thoracic- 
nerve. It is represented, 
however, in the other regions 
of the cord by scattered 
cells, which become aggre¬ 
gated to form a cervical 
nucleus opposite tlie third 
cervical nerve, and a sacral 
nucleus in the middle and 
lower part of the sacral 
region. Its _nells are of 
medium size, and of an oval 
or pycifapn._ahape; their 
axons pass into the peri¬ 
pheral part of the lateral 
column of the same side, 
and there ascend, under 
the name of the direct or 
ascending cerebellar tract. 
2. Nerve-cells in the sub¬ 
stantia g^tinosa of Rolando. 
—^These are aA-anged in 
three_jSone8 ; a posterior or 
marginal zone, composed of 
large triangular or fusiform 
pells ; an intermediate zone 
of small fusiform cells ; and 
an anterior zone of star- 
shaped cells. The axons 
of these cells pass into 
the lateral and posterior 
columns, and there assume 
a vertical course. In the 
anterior zone some Golgi 
dells are found whose short 




axons ramify in the grey matter. 3. Solitary cells of varying form and size are 
scattered throughout the posterior hom! I&me of these arc grouped to form 
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the poaierior basal column in the base of the posterior horn and on the outer side 
of Clarke’s column. The posterior basal column is well marked in the goriUa 
(Waldeycr), but is ill-defined in man. The axons of these cells pass partly 
to the posterior and lateral columns of the same side, and partly through 
the anterior commissun^ to the lateral column of the opposite side. Before 
leaving the grey matter, a considerable number run longitudinally for a 
varying distance in the head of the posterior liom, forming what is termed 
the longitudinal fasciculus of the posterior horn. 

A few star-sliaped or fusiform nerve-cells of varying size are found in the 
substantia gelatinosa centralis. Their axons pass into the latc^ral column of 
the same, or of the opposite side. 

The norvts-fibres in the grey matter form a dense interlacement of minute 
fibrils among the nerve-cells. This interlacement is formed partly of axons 
which pass from the cells in the grey matter to enter the white columns or 
nerve-roots ; partly of the axons of Golgi’s cells which ramify only in the grey 
substance ; and partly of collaterals from the nerve-fibres in the white columns, 
which, as already stated, enter the grey matter and ramify within it. 

W hite m a tter . —The white matter of the spinal cord consists of meduUated 
nerve-ttOTes Imbedded in a sponge-like network of neuroglia, and is arranged 
in.three-columns : anterior, lateral, and posterior. The anterior column Ties 
betu'een the anterior median fissure and the outermost of the ant'eridr nerve- 
roots ; tlie lateral column betw’een the outermost of the anterior nerve-roots 
and the postero-lateral sulcus; and the posterior column between the 
postero-lateral sulcus and the posterior median fissure (fig. 681). The fibres 
vary greatly in thickness, the smallest being found in the fasciculus gracilis, the 
tract of Lissaucr, and inner part of the lateral column ; while the largest are 
situated in the anterior column, and in the peripheral iiart of the lateral 
column. Some of the nerve-fibres assume a more or less transverse direction, 
as for example those which cross from side to side in the anterior commissure, 
but the majority pursue a longitudinal course and a re div isible into (1) those 
which connect the cord with the brain and convey irapuJses to or from the 
latter, and (2) those which are confined to the spinal cord and link together 
its different segments (i.e. intersegmental or association fibres). 

Nerve-tracts. —The longitudinal fibres are grouped into more or less 
definite bundles or fasciculi. These are not recognisable from each other in 
the normal state of the cord, and their existence lias been determim^d by the 
following methods ; (1) A. Waller discovered that if a bundle of nerve-fibres 
be cut, the portions of the fibres which are scparatt*d from their cells rapidly 
degenerate and become atro})hied, wlnle the’cclls and the parts of the fibres 
connected with them und<irgo little alteration.* This is known as Wallerian 
degeneration. Similarly, if a group of n(!rve-eclls be destroy<;d, the fibres 
arising from them undergo degeneration. Thus, if the cells of the cerebral 
cortex which give origin to the motor impulses be destroyed, or if the fibres 
arising from these (icils be severed, a descending degeneration from the seat 
of injury takes plac-c in tlic fibres. In the same manner, if a spinal ganglion 
be destroyed, or the fibres which pass from it into the spinal cord be cut, 
an ascending degeneration will extend along these fibres into the spinal cord. 
(2) By tracing the development of the nervous system, it h^ been observed 
that at first the nerve-fibres are merely naked axis-cylinders, and that they 
do not all acquire their medullary sheaths at the same time ; hence the fibres 
can be grouped into different bundles according to the dates at which they 
receive their medullary sheaths. (3) Various methods of staining nervous 
tissue are of great value in tracing the course and mode of termination of the 
axis-cylinder processes. 

Tracts yj, iJjeanterior cojunin.-^The princijial tract in this column is 
the ^sciSuOfus'corticospinalis anterior), which is usually small, 

but varies inversely in size with the crossed pyramidal tract. Tt lias eloge 

* Soinewhqt later a change, termed eliromaUilysi*, takes place in the nerve-cells, and 
consists of a breaking down and an ultimate disappearance of the Nissl Ijodies. Further, the 
body of the cell is swollen, the nucleus displacc<l towards the periphery, and the part of the 
axon still attached to the altered cell is diminished in size and somewhat atrophied. Under 
favourable conditions the cell is capable of reassuming its normal appearance, and its axon 
may grow again. 
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to the anterior median fissure, and is present only in the upper part of the 
cord; gradually diminishing in size as it descends, it terminates about the 
midxile of the thoracic region. It consists of descending fibres which arise 
from cells in the motor area of the cerebral hemisphere of the same side, and 
wHicli, as they run downwards in the cord, cross in succession through the 
w'hite commissure to the opposite side, where they end by arborising around the 
motor, cells in the anterior cornu. 

In iuidition to the direct pyramidal tract there are strands of fibres in the 
anterior column, wliicli connect (icrtain ganglia in the brain with the grey 
matter of tin* spinal cord. The most important of these is the tmiibulo-spiiml 
tract, winch occupies chiefly the marginal part of the column and is mainly 
derived from the cells of Deiter’s nucleus, i.e. the chief terminal nucleus of the 
vestibular division of the eighth cranM nerve. Of the other descending 
fibres some pass downwards from the corpora quadrigemina and others are 
contiauous with the posterior longitudinal bundle. 

The remaining fibres of the anterior column constitute what is termed the 
anterior basis bundle, (fasciculus anterior proprius). It consists of ,(a) longi¬ 
tudinal hxterscgmcntal fibres which arise from cells in the grey matter, more 
es]M«cially from thosi^ of the mesial group of the anterior horn, and, after 
a longtT or shorter csourse, re-enter the grey matter; (b) iibres from the grey 
matter of the opposite side, which cross in the anterior commissure ; (c) fibres 
arising from c(*lls of the ccr(;bellum and extending down the cord to terminate 
round the cells of the ant(!rior horn—these fibres constitute an irregular tract 
disposed in the peripheral portions of the anterior and lateral basis bundles 
{dcscoiding cerebellospinal tract of Liiwenthal) ; and (d) fibres of the anterior 
nerve-roots- which run obliquc'ly forwards to reach the surface of the cord. 

Tracts in the lateral rnlntnn —l Dpgf^nriing- —(a) The crossed 

pyramided tract (fasciculus corticospinalis dorsalis) extends tlnnughout the 
entire length of the cord, and on transverse section appears as an oval area in 
fron^of tire posterior horn and on the mesial side of the direct cerebellar tract. 
It consists of fibres which arise from cells in the motor area of the cerebral 
hemisphere of the opposite side. They jxass dowmwaids in company with 
those €>f the direct pyramidal tract through the same side of the brain as that 
from which they originate, but, unlike those of the direct pyramidal tract, 
they cross to tlie’opposite side in the medulla oblongata and descend in the 
lateral column of the cord ; they end by arborising around the motor cells 
in the anterior horn.* 

The_i?rpssedjMid-dkceJi:4jyrajuidal JtraGts-CQUstitute, the. motor fasciculi of 
the spinal, cord and luum.their origiaaiuJiusauaUM;. cells of the.cerebral cortex. 
They descend through the internal capsule of the cerebrum, traverse the 
crus cerebri and pons Varolii and enter the anttu ior }>yramid of the medulla 
•oblongata. In the lower part of the medulla some two-thirds of them cross 
the middle line and run dowTiwards in the lateral column as the crossed pyra¬ 
midal tract, wdiile the remaining fibres do not cross tlie middle line, but are 
continued into the same side of the cord, whore they form the direct pyra¬ 
midal tract. Tlie fibrils of the latter tract, however, have been seen to cross 
the middle line jn the anterior commissure, of the cord and thus the motor 
fibres from one side of the brain ultimately reacli the opposite side of the cord. 
The proportion of fibres whicJi cross in the medulla oblongata is not a constant 
one and thus the direct and crossed pyramidal tracts vary inversely in size. 
Sometimes the direct pyramidal tract is absent, and in such cases it may 
be iiresumed that the decussation of tlie pyramidal fibres in the medulla 
oblongata has been complete. The fibres of these two tracts do not acquire 
their medullaiy sheaths until after birth. In some animals the p 3 rraraidal 
fibres are situated in the posterior column of the cord. 

(6) The rubrospinal tract (tract of Monakow’) lies on the ventral aspect of 
the crossed pjrramidal tract and on transverse section appears as a somewhat 

* It is probable (Schafer, J*ror. Physiolog. tioc. ISilii) that the fibres of the direct and 
crossed pyramidal tracts are not related in this direct niuuiier with the cells of the anterior horn. 
They tenuinatc by arborising round the cells at the base of the posterior horn and the cells of 
Clarke’s column, which in turn link them to the motor cells in the anterior horn, usually 
of several segments of the cord. In consequence of these interposed neurons the fibres of the 
pyramidal tracts correspond not to individual muscles, but to associated groups of muscles. 
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triangular area. Its fibres descend from the mid-brain, where they have their, 
origin in the red nucleus of the tegmentum of the opposite side. 

(c) The tectospinal tract originates in tlie upper quadrigeminal body of 
the opposite side, and its fibres are partly intermingled with those of the 
rubro-spinal tract, and are partly contained in the anterior column. 

(d) The olimspinal tract or tract of Helweg arises in the vicinity of the 
inferior olivary body in the medulla oblongata and is seen only in the cervical 
region of the cord, where it forms a small triangular area at the periphery of 
tlie cord close to the outermost of the anterior nerve-roots. Its exact origin 
and its mode of ending have not yet been definitt'ly made out. 

2. Ascendingf tracts. —(a) TJic direct cerebellar tract of Flechsig (tractus 
spinocerebellaris dorsalis) is situated at the periphery of the posterior part of 
the lateral column of the oord, and on transverse section appears as a flattened 
band which extoids as far forwards as a line drawn transversely through the 
central canal. Internally it is in contact with the crossed pyramidal tract. 


Fig. 681.—^Diagram of the principal tracts in the spinal cord. 


Anterior 
nerve routs 


Anterior medUin fissure 
Direct pyi'amidal tract 

AnteHor basis bundle 

Jliiweg's tract 


(Joicer*s tract 



Poeterioi' 
nerv*' roots 


.Direct cercbeilar 
tract 

Croit\f'il 
py7'amidal tract 


•Lisittuer*8 tract 


Pasricuiifa cumalus 
Uoinnia tract 
Pasciculux gracilis 
Corsiu-vommissural tract 
Posterior median JUtsnrc 


behind, with the tract of Lissauqr. It commences below aljout the level of 
the second or third lumbar nerve and, increasing in size as it ascends, passes 
to the cerebellum through the inferior peduncle. Its fibres are generally 
rega,rdpxi as being formed by the axons of the cells of Clarke’s column; they 
receive their medullary sheaths about the sixth or seventh month of foetal life. 

(6) The tract of Oowers (fasciculus anterolateralis euperficialis) skirts the 
periphery of the lateral column in front of the direct cerebellar tract. In 
transverse section it is shajtcd somewhat like a comma, the expanded end of 
which lies in front of the crossed pyramidal tract while the tail reaches forwards 
into the anterior column. Its fibi'os come from the opposite side of the cord 
and cross in the anterior commissure; they are derived from the cells of 
- Claske's column and from the cells of the posterior horn. The tract of Gowers 
commences about the level of the third pair of lumbar nerves, and, increasing 
in size as it ascends, can be followed upwards.into the medulla oblongata 
and pons. It consists of three fasciculi: (1) the fascietdus apinocer^dlaria 
, veniraUs, the largost of the three, which passes to the cerebellum by way of its 
^|i)i|>erior peduncles ; (2) the spino-tkalamie treud, which ends in the thalamus, 
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Ka. 682. — Descending 
6bres in the posterior 
column, shown at dif¬ 
ferent levels. (Testut.) 




and is soiuetimes termed the secondary sensory tract ; and (3) the spino-tectal 
trad, which passes to the corpora quadrigemina. 

(c) The trad of Lissauer is a small strand situated in relation to the tip of 
the posterior horn close to the entrance of the posterior nerve-roots. It con¬ 
sists of fine fibres which do not receive their mciduUary sheaths until towards 
the close of fcetal life. It is usually regarded as being formed by some of the 
fibres of the posterior nerve-root, which ascend for a short distance in the 
tract and then enter the posterior horn, but since its 
fibres are myelinated later than those of the posterior 
nerve-roots, and do not undergo degeneration in 
locomotor ataxia, they ai’e probably intersegmental 
in character. 

[d) The lateral basis bundle constitutes the re¬ 
mainder of the lateral column, and the portion of it 
which lies next the grey matter is sometimes named 
the lateral limiting zone. It is continuous in front 
with the anterior basis bundle, and the two together 
constitute the antero-lateral ground bundh. It con¬ 
sists chiefly of intersegmental fibres which arise from 
cells in the grey matter, and, after a longer or shorter 
course, re-enter the grey matter and ramify in it. 

Some of its fibres are. however, continued upwards 
into the brain under the name of tlic dorsal or 
posterior longitudinal fasciculus. 

Tracts in the posterior column.---This column 
comprise? two main tracts, viz. the fasciculus giucilis, 
ajid the fasciculus euneatus. These arc se])arated 
from each otlier in the cervitial and upp<“r thoracic; 
regions by the postero-intermediate Be]>tum, and 
consist mainly of ascending fibres derived from the 
jiosterior nc'-rve-roots. 

The fasciculus gracilis (trac< of Goll) is wedge- 
shaped on transverse section, and lies next tlu; pos¬ 
terior median fissure, its base i)eing at the surface of 
the cord, and its apex directed towards the; posterior 
grey commissure. It increases in size from below 
upwards, and consists of long thin fibres derived 
from the posterior nerve-roots, which ascend as far 
as the medulla oblongata, where they end in the 
nmdeus gracilis. 

The fasciculus euneatus (tract of Burdaeh) is 
ti'iangular on transverse section, and lies between the 
fasciculus gracilis and the posterior cornu, its base 
corresponding with the surface of the cord. Its 
fibres, larger than tliosc of the fasciculus gi’acilis, are 
mostly derived from the same source, viz. the 
posterior nerve-rpots. Some aspend for only, a short 
distance in the tract, and, entering the gi'cy matter, 
come into close relationship with the cells of Clarke’s 
column; while others can be traced as far as the 
medulla oblongata, where they end in the gracile and 
cuneate nuclei. 

Occupying the ventral part of the posterior 
column is a strand of fibres termed the cornu- 
commissural tract. It is somewhat triangular on 

transverse section, and occupies the angle between the posterior grey commissure 
and the posterior coniu. It is best marked in the lumbar region, but can be 
traced into the thoracic and cervical regions. Its fibres, derived from the celk 
of the posterior horn, divide into ascending and descending branches which 
re-enter and ramify in the g^ey matter. It has been found to preserve its 
integrity in certain cases of locomotor ataxia. 

Descending fibres in the posterior column (fig. 682).—^The posterior column 
contains some deseending fibres which occupy different parts of the column at 




A. In the eoiiug meduUari!!. { a.* In 
the Inin bar r^ion. c. In the 
lower thoracic r^on. n. In 
tile upper thoracic region. 
1. Foeterior horn. 2. rueterior 
nerve - roote. 3. Fostcrior 
me'dian llesiire. 4. Triangnlar 
strand. Ji. Oval area of Klo^sig. 
6. Dorsal peripheral band. 7. De¬ 
scending coimnu tract. 



808 


NEUROLOGY 


different levels. In the cervical and upper thoracic regions, they appear as a 
comma-shaped strand {descending comma tract of Schultzo) in the outer part of the 
fasciculus cuneatus, the blunt end of the comma being directed towards the 
posterior grey commissure; in the lower thoracic region tliey form & thin 
band {dorsal peripheral band) on the posterior surface of the column; in the 
lumbar region, they are situated by the side of the posterior median fissure, 
and here appear on section as a semi-eUiptical bundle, which, together with 
the corresponding bundle of the opposite side, forms the oval area of Flcchsig ; 
while in tlie conus medullaris tliey assume the form of a triangular strand in 
tluj postero-intemal part of the fasciculus gracilis. Tliese descending fibres 
are mainly iutcrsegmental in character, and derived from cells in the posterior 
horn, but some may consist of the descending branches of the posterior nerve- 
roots. The descending comma tract was supposed to belong to the second 
category, but against tliis view is the fact that it does not undergo descending 
degeneration when the posterior nerve-roots are destroyed. 

Roots of the spinal nerves. —As already stated, each spinal nerve possesses:' 
tw^o roots, an anterior and a posterior, whicli are attached to the surface of the 

cord opposite the corresponding liom , 

Fro. 683.—A spinal nerve with its anterior matter (fig. 683) , their fibre*} 

and posterior roots. (Tostut.) become medullated about the fiftli 

month of foetal life. 



1. A portion o£ tlio sjtiTiul coril from tbo U*rt 

side. 2. Ajitcrior uicdian liHsurc. Anterior honi. 
4. i'oiitcTior horn. 5, Lateral horn. G. I'oruiatio 
reticularis. 7. Anterior root. H. l*ostcrioi' root, 
with 8', its U. Spinal nerve; O', its 

posterior lUvision. 


TJie anterior nerve,-roots consist of 
efferent fibres, which arc the axons 
of the nerve-cells in tlie ventral part of 
the anterior horn. A short distance 
from tlicir origins, these axons are 
invested by medullary sheaths and, 
passing forwards and sliglitly outwards, 
emerge on the surface of the cord in 
two or three irregular rows over an 
area which measures about three 
millimetres in width. 

Tlie posterior root of each spinal 
nerve comiirises some six or eight 
fasciculi which are attached in linear 
series along the postcro-latcral sulcus. 
It consists of afferent fibres which 
arise from the nerve-cells in the spinal 
ganglia. Each ganglion-cell, at first 
round or oval, is elongated into two 
processes, an internal (axon) and an 
external (dendrite), and so becomes 
a bipolar nerve-cell. These two pro¬ 
cesses gradually undergo approxima¬ 


tion, and finally arise from a single 
stem in a T-shaped manner. The internal processes of the ganglion-cells 
grow into the cord as the posterior roots of the spinal nerves, while the 
external are directed tow'ards the periphery. 

The ijosterior nerve-root enters the cord in two chief bundles, mesial and 
lateral. Tlie mesial strand passes directly into the fasciculus cuneatus : it con¬ 
sists of coarse fibres, which acquire their medullary sheaths by the fifth month 
of intra-uterine life. The lateral strand is sometimes dividend into an inter¬ 


mediate and an external bundle. The intermediate bundle consists of coarse 


fibres, which enter the gelatinous substance of Rolando ; while the external 
is composed of fine, fibres, which assume a longitudinal direction in the tract 
of Lissauer; the, hitter do not acquire their medullary sheaths until after birth. 

Having entcri'd the cord, all the fibresof the posterior nerve-roots divide into 
ascending and descending branches, and these in their turn give off collaterals 
which enter the grey matter (fig. 684). The descending fibres are short, and soon 
enter the grey matter. The ascending fibres are grouped into long, short, and 
intermediate : the long fibres ascend in the fasciculus gracilis and fasciculus 
cuneatus as far as the medulla, where they end by arborising around the cells 
of the gracile and cuneate nuclei; the short fibres run upwards for a distance 
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of only five or six millimetres, and enter the grey matter; while the inter¬ 
mediate fibres, after a somewhat longer course, have a similar destination. 
All the fibres which enter the grey matter end by arborising around its 
nerve-cells, tliose of intermediate length being especially associated with the 
cells of Clarke’s column. 

The courae taken by the fibres of the posterior nerve-roots has been arrived 
at by dividing the nerve-roots between their ganglia and their entrance into 


Fici. 684.—Dorsal roots entering oord and dividing into 
ascending and descending branches. (Van Oehuchten.) 


Fio. 6S5.—Formation of the 
fasciculus gracilis. (Poirier.) 



n, S5tviu-flljrp. b, b. and iic8<*on(iin^ ]ini1>s of bifurcation, 

r. Uoilutcrul urisini? from stem-iibro. 

the spinal cord, and by subsequently examining 
the degenerated areas. It has been detei mined 
that the fibres pursue an oblique course upwards, 
be ;ug situated at first in the outer part of the 
fasciculus cuneatus : higher up, they occuj)y the 
middle of this fasciculus, having been displaced 
inwards by the accession of other entering fibres ; 
while still higher, they pass into, and are continued 
upwards in, the fasciculus gracilis. The upper 
cervical fibres do not reach this fasciculus, but are 
entirely confined to the fasciculus cuneatus. The 
degeneration method proves that the localisation 
of these fibres is very precise : the sacral nerves 
lie in the inner part of the fasciculus gracilis and 
near its periphery ; the lumbar nerves to their 
outer side; the thoracic nerv es still more laterally; 
while the cervical nerves sire confined to the fasciculus cuneatus (fig. 685). 

The development of the spinal cord is described in the section 
Embryology (iJage 115) 



Spinal rord viowed from behind. To the 
left, the fasciculus gracilis is Rhaded, 
To the right, the drawing shows that 
the fasciculus gracilis is fonncMi by tlie 
lung llbrcs of the pustenor roots, and 
that in tiiis tract the sacral nerves lio 
next the mesial idunn, tiie lumbar to 
< heir outer side, and the tlioracic still 
more laterally. 


on 


Applied Anatomy .—Several cases have been recorded* in which a local doubling 
of the spinal cord has taken place. The condition is probably due to some interference 
with the development of Iho medullary tube in the embryo ; in a few it was associated 

* For a complete analysis of these cases consult paper by Bruce, Stuart JfcDonald, and 
Pirie, Itcvipw of Nf urology and Psychiatry, 3siia. 1900. 
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with spina bifida, while in one recent ease * the two parts were separated by a dermoid 
tumour. Other congenital abmrmalUiea of the spinal cOrd occur in connection with 
spina bifida (see page 201). and also in syringomyelia. In this latter chronic condition 
an abnormal proliferation of the spinal neuroglia takes place, generally near the central 
canal and in tlio cervical enlargement, and later this mass becomes absorbed, leaving 
an irregular cavity in its place. This gives rise to a number of interesting signs and 
symptoms, such as analgesia (or insensitiveness to pain), inability to distinguish between 
cold and heat, progressive atrophy in the muscles of the hands and arms, trophic changes 
in the bones and joints, and painless whitlows. Severe injuries to the cord may occur in 
fractures or fracture-dislocations of the vertebral column any^vhero above the second lumbar 
vertebra. If the cord is completely crushed or torn across, total paralysis and ana^thesia 
of all parts of the body drawing their nerve supply from below the injured spot will follow, 
with loss of control over the actions of the bladder and rectum. The higher up such a lesion 
occurs, the worse the prognosis. Thus, when the cord is crushed by fracture of the atlas 
or axis, the vital centres in the medulla will be injured, and death occurs at once. If the 
origin of the phrenic nerve—mainly the fourth cervical—just escape in a case where the 
neck is broken, respiration will have to be carried on by the Diaphragm alone, and death 
is likely to ensue before long from pulmonary complications. When the back is broken 
in the lower thoracic region, life is not immediately threatened; but unless the patient is 
carefully nursed, death may follow at any time from the development of bed-sores in the 
ana3sthetic area, or from septic infection spreading up the ureters into the kidneys and 
secondary to the cystitis that is so prone to occur in patients who have no control over the 
bladder. Inflammation of the spinal cord, or spinal myelitis, sometimes follows influenza 
or one of the acute siwcific fevers. A transverse patch of such myelitis extending com¬ 
pletely across the cord produces more or less complete interruption of the passage of nervous 
impulses through it. Hence it will occasion more or loss complete paralysis and anaisthesia 
of the parts of tlio body obtaining their nerve-supply from below it, and, in addition, a zone 
of cutaneous hyperafsthosia at its level, in consequence of the irritation of tlie sensory fibres 
entering the inflamed region of the cord. The disease maitdy attacking children, and known 
as infantile spinal paralysis, or acute anterior poliomyelitis, is a bacterial infection of the jua 
mater that si)reads into the cord along the blood-vessels, and destroys gioups of the motor 
neurons aggregated in the anterior cornua. Destruction of the colls causes rapid and 
permanent paralysis of the muscles innervated, and groufw of muscles in one or more of the 
limbs are commonly picked out for attack. Theaffec.ted limbs are thus partially paralysed, 
and their subsequent growth and nutrition both suffer. Further, the muscles that normally 
antagonise the affected groups of muscles, finding their actions unopposed, tend to a.ssumc 
a state of spastic contraction. In consequence, much dwarfing and deformity follow' later, 
and may demand for their relief such operations as tenotomy, the transplantation of 
tendons, or oven amputation. 


THE BRAIN 

GknbkaIi C 0 N.SIDBRAT 10 NS AND Divisions 


The brain, or encephalon, is contained within 

I'lO. 68G.—Scheme showing the connections of the 
several parts of the brain. (After Schwalbe.) 



I rux cerebri 

Superior cerebellar peduncle 

Middle cerebellar peduncle 
Inferior cerebellar peduncle 

Medulla oblongata 


the cranium, and constitutes 
th<i upj)cr, greatly expanded 
part of the central nervous 
system. In its early em¬ 
bryonic condition it consists 
of three hollow vesicles, 
termed the fore-brain, the 
mid-brain, and the hind¬ 
brain ; aifd the parts derived 
from each of these can be 
recognised in the adult 
(fig. 686). Thus, in the 
process of development 
the wall of the hind-brain 
(rhombencephalon) under¬ 
goes modification to form 
the medulla oblongata, the 
pons Varolii, and cere¬ 
bellum, while its cavity is 
expanded to form the fourth 
ventricle. The mid-brain 
(mesencephalon) forms but 
a small part of the adult 


Harriehausen, J>. Ztsehr/t.f. Nervenheilk., Bd. 36, Hit. 3 aud 4, S. 268. 
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brain : its cavity becomes the aqueduct of Sylvius, which serves as a tubular 
communication between the thM and fourth ventricles; while its walls are 
thickened to form the corpora quadrigemina and crura cerebri, which constitute 
the bond of union of the fore-brain witli the hind-brain. The fore-brain under¬ 
goes great modification : its anterior part (telencephalon) expands laterally 
in tljo form of two hollow vesicles tlie cavities of which bwjome the lateral 
ventricles, while the surrounding walls form the cerebral hemispheres and their 
commissures ; the cavity of the posterior part of the fore-brain (dicnoephalon) 
forms the greater part of the third ventricle, and from its walls are developed 
most of the stmetures which bound that cavity. Further details regarding 
these impoi'tant changes are given in the chapter on Embryology (page il8). 

THE HIND-BRAIN 

The hind-brain or rhombencephalon occupies the posterior fossa of the 
cranial cavity and lies below a fold of dura mater, the tentorium cerebelli. 
It consists of (o) the myelence/phalon, which comprises the meduUa oblongata 
and the lower part of the fourth ventricle ; (6, the metevceplialoii, which includes 
the pons, cerebellum, and upper irart of thefourtli ventricle; and (c) the isthmus 
rhombeneephali, a constricted portion imrnediai ely adjoining the mesenccjihalon, 
which compi'ises the superior peduncles of the cerebellum and the valve of 
VieuHsens. 

Tite Medulla Oblongata 

Tire medulla oblong'ata, or bulb, forms the lowest and smallest division 
of the brain ; its structure, however, is extrcnuly complex, since it gives 
attachment to many of the cranial nerves, and forms the connecting link 
between the spinal cord below and the cerebrum and cerebellum above. 

It extends from tin* lower margin of the pons Varolii to a jdanc passing 
transversely below the decussation of the ])yramidB and above the first pair 
of cervical nerves; this plane coiTcsjH)nds with the upper bordei- of the atlas 
behind, and the middle of the odontoid process of the axis in front, and at 
this level the nusdulla oblongata is 
continuous with the spinal cord. Its 
anterior surface is sc}>arated from tin; 
basi-oeciput and the upper part of the 
odontoid process of the axis by the 
membranes of the. brain and the oc(!i})ito- 
axial ligaments. Its posterior surface 
is received into the fossa between the 
heraisphenis of the cerebellum, and the 
uj’per portion of it forms the lower part 
of the floor of the fourth vcntriclcL 
The vertebral arteries pass upwards 
and forwards in relation to its lateral 
aspects ; they then curve forwards on 
to its anterior surfj^ce and unite at the 
lower border of the pons Varolii to 
form the basilar artery. 

The medulla oblongata (fig. 687) is 
pyramidal in shape, its broad extremity 
being directed upwards towards the pons 
Varolii, while its narrow, lower end is 
continuous with the spinal cord. It 
measures rather over an inch in length, 
a little less than an inch in breadth at its widest part, and about half an inch 
in thickness ; while it weighs about a quarter of an ounce. The central canal 
of the spinal cord is prolonged into its lower half, and then opens into the cavity 
of the fourth ventricle ; and the medulla may therefore be divided into a lower 
closed part containing the central canal, and an upper open part corresponding 
with the lower portion of the fourth ventricle. Its anterior and posterior 
surfaces are marked by median fissures, which are continuous with the 
corresponding fissures of the spinal cord. 


Fig. C87.—Medulla oblongata and pons 
Varolii. Anterior surface. 
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The anterior fissure (fissura mediana anterior) contains a fold of pia 
mater, tpd extends along the entire length of the mcduHa: it terminates 
at the lower border of the pons Varolii in a small triangular expansion, the 
foramen coecum. Its lower part is interrupted by bundles of fibres which 
cross obliquely from one side to the otlier, and constitute the pyramidal 
decussation. Some fibres, termed the anterior external arcuate fihre.s, emerge 
from the fissure above this decussation and curve outwards and upwards over 
the lateral aspect of the meduUa. 

The posterior fissure (fissura mediana posterior) is a narrow groove which 
exists only in the closed part of the medulla ; it becomes gradually shallower from 
below upwards, and finally terminates about the middle of the medulla, where 
the central c-anal of the cord expands into the cavity of the fourth ventricle. 

These two fissures divide the closed 
Fio. 688.—Decussation of pyramids, part of the meduUa into symmetrical 
Scheme showing jMissage of various halves, each half presenting elongated 

tracts from cord to medulla. (Testut.) eminences which, on surface view, are 

continuous with the columns of the 
cord. In the open part of the medulla 
the halves an^ separated by the an¬ 
terior median fissure, and by a median 
raphe AA'hich extends from the bottom 
of the fissure to the floor of the fourth 



a. Tons Varolii. b. Medulla from tlio front, c. J>c- 
cusaation of ttie pyramids, d. Section of cervical 
part of nord. 1. Direct pyramidsil tract (in red). 
U. Crossed pyramidal tract (in red). .'1. .Sensory tract 
(faecdrali gracilis et cuiK-jitus) (in blue). S'. Uracile 
and cuneatc nuclei. 4. Aiitero-Iatcral ground bundle 
(in dotted line). .I. rjrainld. (i. 7 . Pos¬ 

terior longitudinal ^ciculus. 8. Gowers' tract (m 
blue). 9. Direct owebellar tract (in yellow). 


ventricle. Further, certain of the 
cranial nerves pass through the sub¬ 
stance of the medulla, and are attached 
to its surface in series with the roots 
of the spinal nerves ; thus, the fibres 
of the hypoglossal nerve represent the 
upward continuation of the anterior 
nerve-roots, and emerge in linear series 
from a furrow termed the pre-olivary or 
antero-lateral sulcus (sulcus lateralis an¬ 
terior). Similarly, the spinal accessory, 
vagus, and glosso-pharyngeal nerves 
correspond with tlie posterior nerve- 
roots, and are attached to the bottom of 
a sulcus named the postero-lateral sulcus 
(sulcus lateralis posterior). Advantage 
is taken of this arrangement to sub¬ 
divide each half of the medulla into 
three areas, anterior, middle, and 
posterior. Although these throe areas 
appear to be directly continuous with 
tiie corresponding columns of the cord, 
it must be pointed out that they do 
not necessarily contain the same fibres, 
since some of the nerve-tracts of the 
cord terminate in 'the meduUa, while 
others alter their course in passing 
through it. 

TJu! anterior area (fig. 687) is 
named the pyramid (pyramis), and 
lies between the anterior fissure and 


• the antero-lateral sulcus. Its upper 

extremity is slightly constricted, and between it and the pons the fibres of 
the sixth nerve emerge ; a little below the pons it becomes enlarged and 
prominent, find finally tapers into the anterior column of the cord, with 
which, at first sight, it appears to be directly continuous. 

The two pyramids constitute the great motor strands of the meduUa, since 
they contain the motor fibres which pass from tho brain to the spinal cord. 
When these pyramidal fibres are traced downwards, it is found that some 
two-thirds, or more, of them leave the anterior pyramid in successive bundles, 
and decussate in the anterior median fissure with corresponding bundles 
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derived from the opposite pyramid, forming what is termed the motor or 
pyramidal decussation (decussatio pyramidum). Having crossed thCf middle 
line, they pass down in the posterior part of the lateral column as the crossed 
pyramidal tract. The remaining fibres—i.e. those which occupy the outer part 
of the pyramid—-do not cross the middle line, but arc carried downwards as 
the direct pyramidal tract (fig. 688) into the anterior column of the same 
side. 

The greater part of the basis bundle of the anterior column of the cord is 
continued upwards through the medulla oblongata as a strand, which is tei-med 
the posterior lonrfitudinal fasciculus. 

The lateral area (fig. 689) is limited in front by the antero-lateral suhais 
and the roots of the hypoglossal nerve, and behind by the postoro-lateral sulcus 
and the roots of the spinal accessory, vagus, and glosso-pharyngeal nerves. 
Its upper part consists of a prominent oval mass which is named the olivary 
body, while its lower part is of the same width as the lateral column of tlui 


Fig. 689.—Hind- and mid-brains ; postero-laleral view. 
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cord, and appears on the surface to be a direct continuation of it. As a 
matter of fact, only a portion of the lateral column is continued upwards 
into this area, for the crossed pyramidal tract passes into the pyramid of 
the opposite side, and the direct or ascending cerebellar tract is carried into 
the restiform body in the posterior area. The remainder of the lateral column, 
which consists chiefly of the basis bundle and the tract of Gowers, can be traced 
into the lateral area. Most of these fibres dip beneath the olivary body and 
disappear from the surface ; but a small strand remains superficial, and passes 
up between the olivary body and the postcro-lateral sulcus. At the upper 
end of this strand is a depression or fossa, in which the auditory nerve is 
seen. 

The olivary body (oliva) is situated on the outer side of the pyramid, 
from which it is separated by the antero-lateral or pre-olivary sulcus, and the 
fibres of the hypoglossal nerve. Behind, it is separated from the postero¬ 
lateral sulcus by the small superficial strand of the lateral column already 
referred to. It measures about half an inch in length, and between its upper 
end and the pons there is a slight depression to which the roots of the seventh 
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nerve are attached. The external arcuate fibres wind across the lower part 
of the pyramid and olivary body to enter the restiform body. ■ 

The posterior area (fig. 690) lies behind the pqstero-lateral sulcus and 
the roots of the spinal accessory, vagus, and the glosso-pharyngeal nerves, 
and, like the lateral area, is divisible into a lower and an upper portion. 

The lower part is limited behind by the posterior median fissure, and consists 
of the Jascictdiis gracilis and the fasciculus cuneatus. The fasciculus gracilis 
is a narrow white band placed parallel to and along the side of the posterior 
median fissure, and separated from the fasciculus cuneatus by the postero- 
intcrmediate furrow and septum. The gracile and cuneate fasciculi are at 
first vertical in direction; but at the lower part of the floor of the fourth 


Eio. 690.—Upper part of spinal cord and hind- and mid-brains ; 
posterior aspect, ex[x>sod in situ. 
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ventricle they diverge from the middle line in a V-shaped manner, and each 
presents an elongated swelling. That on the fasciculus gracilis is named the 
clam, and is produced by a subjacent nucleus of grey matter, the nucleus 
gracilis ; that on the fasciculus cuneatus is termed the cuneate. tubercle, and 
is likewise caused by a grey nucleus, named the nucleus cuneatus. The fibres 
of these fasciculi terminate by arborising around the cells in their respective 
nuclei. A third elevation, termed the fasciculus of Rolando, is seen in the 
lower part of the posterior area of the medulla. It lies on the lateral aspect 
of the fasciculus cuneatus, and is not represented by a corresj^nding elevation 
in the cord. It is produced by the substantia gelatinosa of Rolando, which 
is separated from the surface of the medulla by a band of nerve-fibres which 
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form the lower sensory, or spinal, root of the fifth nerve. Narrow below, 
the fasciculus gradually expands above, and terminates, about half an incli 
below the pons, in a tubercle, the tvbercle of Rolando. 

The upper part of the posterior area of the medulla is occupied by 
the restiform body {corpus restiforme), a thiek rope-like strand which is 
situated between the lower part of the floor of the fourth ventricle and the 
roots of the .ninth and tenth nerves. The restiform bodies connect the cord 
and medulla with the cerebellum, and are named the inferior peduncles 
of the cerebellum. As they pass upwards, they diverge from each other, and 
assist in forming the lower parts of the lateral boundaries of the fourth ventricle ; 
higher up, they are directed backwards, each -passing to the corresponding 
cerebellar hemisphere. Near where they enter the cerebellum they are crossed 
by several strands of fibres, which extend inwards over the floor of the fourth 
ventricle, and are named the striae acusticce. At first sight the restiform body 
appears to be formed by the upward continuation of the fasciculus gracilis 
and fasciculus cunoatus ; this, however, is not so, as it is probable that 
all the fibres of these fasciculi end in the gracile and cuncate nuclei. The 
constitution of the restiform body will be subsequently discussed. 

Internal structure of the medulla oblongata. —Although the external 
form of the meduUa oblongata bears a ccrtaui resemblance to that of the upper 


Ft( 1 . 691.'—Seiition of the medulla through 
the lower part of the decussation of the 
pyramids. (Testut.) 
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Fia. 692.—Section of the medulla at the 
level of the decussation of the pyramids. 
(Testut.) 
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part of the cord, its internal structure differs widely from that of the latter, 
and this for the following principal reasons : (1) certain tracts of fibres which 
extend from the cord to the brain, and vice versa, undergo a rearrangement 
in their passage tlu-ough the medulla; (2) others which exist in the cord 
terminate in the medulla ; (3) new strands originate in the grey matter of the 
medulla and pass to different parts of the brain ; (4) tho grey matter, which 
in the cord forms a continuous H-shaped column, becomes greatly modified 
and subdivided in the medulla, in which also new masses of grey matter are 
added; (6) on account of the opening-out of the central canal of the cord, 
certain parts of the grey matter, which in the cord were more or less centrally 
situated, are displayed in the floor of the fourth ventricle; (6) lastly, the 
medulla is intimately associated with many of tho cranial nerves, some arising 
from, and others terminating in, nuclei within its substance. 

The internal structure of the medulla is best studied by examining series 
of transverse and of longitudinal sections (figs. 695, 696). A short description 
of the course taken by the principal tracts, and of the arrangement of the 
grey matter, wiU'now be given. 

The pyramidal tracts. —^The division of the pyramids of the medulla into 
direct and crossed pyramidal tracts, and the course of these tracts in the cord, 
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have already been described. In passing to ieach the lateral column of the 
opposite side, the fibre.s of the crossed pyramidal tracts extend backwards through 
the anterior cornua, and the head of cacli of these horns is separated from its 
base (figs. 691,692). The base retains its position in relation to the ventral aspect 
of the central canal, and, when the latter opens into the fourth ventricle, 
appears in the floor of that cavity close to the middle line, where it forms the 
nuclei ot the twelfth and sixth nerves; while above the level of tlie ventricle 
it exists as the nuclei of the third and fourtli nerves in relation to the floor of 
the aqueduct of Sylvius. The head of the cornu is pushed outwards and forms 
an elongated column, the nuclevs amhiyuus, which gives origin from below 
upwards to the bulbar part of the spinal af)ce.ssory and the motor fibres of the 
vagus and glosso-pharyngeal, and still higlier to the motor fibres of the seventh 
and fifth nerves. 


Fig. 693.—Superior terminations of the Fig. 694.—Transverse section passing through 

posterior tracts of the spinal cord. the sensory decussation. (Schematic.) 
(Testut.) (Testut.) 

7 6 2 





3. Aiitrrior iriediiin I'lKaurr*. 2. Posterior fissure. 

:V. Jlfjul uTiil base oluntorior born (ill red). 4: n3f|io- 
^losaal nervo. U. (ir^ilc nucleus. 7. Ciineatciiiiolous. 
S. S. Fiili't, or Kcrihory tract. 0. Sensory de<'Ui&ution. 
10. Pyramidal tract. 

The fasciculus gracilis and 
fasciculus cuneatus constitute the 
posterior sensory fasciculi of the spinal 
cord ; they arc prolonged upwards into 
the lower part of the medulla oblon¬ 
gata, w'here they terminate respec¬ 
tively in the nucleus gracilis and nucleus 


. Posterior mediun liaBiirt-. 2. I'asi-iculuA griii'iliR. 
."5. Pascieiilus ouiicutus. 4. Graeile nueleos. B. Cii- 
neatc nucleus. 6, O', Seasor.v librea lorminK 
the fillet. 7. Sensory decussation. K. Cerebellar 
fibres nneros-sed (in black), fi. Cerebellar fibres 
rroaaed (In black). 


cuneatus. These two nuclei arc con¬ 
tinuous, in front, with the central grey 
matter of the cord, and may be regarded 
as dorsal projections of this, each being 
covered superficially by the fibres of 
the corresponding fasciculus. On trans¬ 
verse section (fig. 694), the nucleus gracilis appears as a single, more or less 
quadrangular mass, while the nucleus cuneatus consists of two parts : a 
larger, somewhat triangular, iiUernal nucleus, composed of small or medium 
sized cells, and a smaller external nucleus containing large cells. 

The fibres of the fasciculus gracilis and fasciculus cuneatus end by arborising 
around the cells of these nuclei, which therefore may be regarded as the nuclei 
of ternunafion of the posterior sensory fasciculi (Sg. 693). From the cells of 
the nuclei new libres take origin, some of -which are continued as the posterior 
external arcuate fibres into the restiform body, and through it to the cere¬ 
bellum, but most of which pass forwards through the neck of the posterior 
horn, thus cutting off the head from the base of the horn. Curving forwards 
and inwards, they t^ussate in the middle line with the corresponding 
fibres of the opposite side, and run upwards immediately behind the pyramidal 
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fibres, as a flattened band, named the Jilht or lemniaevs. The decussation of 
these sensory fibres is situated above that of the motor fibres, and is named 
the 8e.n8ory decussation or the decussation of the fillet (decuasatio lemniscorum). 
The fillet is joined by the spino-thalamic tract or secondary sensory fasciculus 


Fia. 695.—Section of the medulla oblongata at about the middle of 
the olivary body. (Schwallie.) 
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Fio. 696.—Transverse seel ion of medulla oblongata at the 
middle of the olivary body. 
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(p. 806), the fibres of which are derived from the cells of the grey matter 
of the opposite side of tho spinal cord. 

The base of the posterior horn at first lies on the dorsal aspect of the 
central canal, but when the latter opens into the fourth ventricle, it appears 
in the lateral part of the floor of that cavity. It forms the nuclei of termination 
of the sensory fibres of the vagus and glosso-pharyngeal, and is associated with 
the vestibular part of the auditory nerve and the sensory root of the seventh 
nerve (pars intermedia of Wrisberg). Still higher, it forms a mass of pigmented 
cells—the hem coerulem —in which some of the sensory fibres of the mth nerve 


Fio. 697.—The cranial nerve nuclei schematically 
represented; dorsal view. Motor nuclei in 
rod ; sensory in blue. (The olfactory and optic 
centres are not represented.) 



appear to terminate. The 
head of the posterior horn 
forms a long continuous 
column, in which the fibres of 
the spinal or lower sensory 
root of the fifth nerve largely 
terminate. 

The direct or ascending 
cerebellar tract leaves the 
lateral area of the medulla; 
most of its fibres are carried 
backwards into tho restiform 
body of the same side, and 
through it arc conveyed to 
the cerebellum; but some 
run upwards with the fibres 
of the fillet, and, reaching 
the inferior quadrigeminal 
bodies, undergo decussation, 
and are carried to the cere¬ 
bellum through its superior 
peduncle. 

The basis bundles of the 
anteiior and lateral columns 
largely consist of inter- 
segmental fibres, which link 
together the different seg¬ 
ments of tho coi-d; they 
assist in forming tho formatio 
reticularis of the medulla, 
and many of them are accu¬ 
mulated into a strand which 
runs up close to the median 
raphe Ijetwocn the fillet and 
the floor of the fourth ven¬ 
tricle. This strand is named 
tlie dorsal or posterior hngitu- 
dirial faacicjdm, and will be 
again referred to. 

Grey matter of the me¬ 
dulla oblong^ata (figs. 695, 
696),— In addition to tho 
gracile and cuneate nuclei, 
there are several others which 


require consideration. Some 
of these arc traceable from the grey matter of the spinal cord, while others 
are unrepresented in the cord. 

1. The hypoghssal nucleus is derived from the base of the anterior horn ; 
ui the lower closed part of the medulla it is situated on the veiltro-laterai 
aspect of tho central canal; but in the upper part it approaches the floor 
of the fourth ventricle, where it lies close to the middle line, under an eminence 
named the trigonum hypoghssi (fig. 710). The nucleus measures about three- 
quarters of an inch in length, and consists of large multipolar nerve-cells, 
die axons of which constitute the roots of the hypoglossal nerve. These 
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nerve-roots, pass forward between the anterior and lateral areas of the medulla, 
and emerge from the preolivary sulcus. 

2. The motornuchus (figs. 697, 698) common to the ghsao-pharyngeal, vagus, 
and bulbar portion of the spinal accessory nerves, is named the nucleus amhiguus. 
It represents the head of the anterior horn, lies deeply in the formatio 
reticularis grisea, and extends throughout nearly the whole length of the 
medulla. 

3. sensory nucleus (figs. 697,699), or nucleus of termination of the sensory 
fibres of the glosso-pharyngeal and vagus, represents the base of the posterior 
horn. It measures nearly three-quarters of an inch in length, and in the lower, 
closed part of the medulla is situated behind the hypoglossal nucleus; whereas 
in the upper, open part it lies to the outer side of that nucleus, and corresponds 
to an eminence, named the trigonum vagi, in the floor of the fourth ventricle. 

Fia. 698.—Nuclei of origin of cranial motor nerves schematically represented ; 

lateral view. 



4. The nuclei of the auditory nerve aio desc*ribed on page 825. 

5. The olivary nuclei (fig. 696) an' tliree in number on either side of the middle 
line, viz. the inferior olivary nucleus, and the mesial and dorsal accessory 
olivary nuclei; they consist of small, round, yellowish cells and numerous 
fine nerve-fibres. («) The inferior olivary nucleus (nucleus olivnris inferior) 
is the largest of these, and is situated within the olivary body. It consists of 
a grey folded lamina arranged in the form of an incomplete capsule, which 
opens internally by an aperture called the hilus, emerging from which arc 
numerous fibres which collectively constitute the peduncle of the olive, (b) The 
mesial cuxessory olivary nucleus (nucleus oUvaris accessorius medialis) lies 
between the inferior olivary nucleus and the anterior pyramid, and forms a 
curved lamina, the concavity of which is directed outwards. The fibres of 
the hypoglossal nerve, as they traverse the medulla, pass between the mesial 
accessory and the inferior olivary nuclei, (c) The dorsal accessory olivary 
nucleus (nucleus olivaris accessorius dorsalis) is the smallest of the three, and 
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appears on transverse section as a curved lamina on the dorsal aspect of the 
inferior olivary nucleus. 

The inferior olivary nucleus is connected—(1) with that of the opposite 
side by fibres which cross through the raphe; (2) with the anterior horn of 
the same side of the spinal cord by a strand of fibres termed the spino-olivary 
tract ; (3) with the thalamus of the cerebrum by the cerebro-oUmry tract 
which passes through the pons Varolii and tegmentum ; (4) with the opposite 
cerebellar hemisphere by the c,e.rebello~oUvary tract, the fibres of which pass 
across the raphe and turn backwards to enter the deep part of the restiform 
body. Removal of one cerebellar hemisphere is followed by atrophy of the 
opposite olivary nucleus. 

6. The mtcleus arevatus will be described with the anterior external arcuate 
fibi-es (page 821). 

Fio. 699. — Primary terminal nuclei of the afferent (sensory) cranial nerves 
schematically represented; lateral view. The olfactory and optic centres are 
not rejwcsented. 



Restiform bodies. —The position of the restiform bodies, or inferior 
peduncles of the cerebellum, has already been described (page 815). Each 
restiform body comprises : (1) the direct or ascending cerebellar tract from 
the lateral column of the cord ; (2) descending cerebellar fibres, many of which 
are disseminated throughout the peripheral part of the anterior and lateral 
columns of the cord, while others are conducted to the motor nuclei of the 
cranial nerves; and (3) the arcuate fibres (fibrae arcuataj) which are arranged 
in three sets, viz. the internal arcuate fibres, and the anterior and posterior 
external arcuate fibres. 

The internal arcuate fibres form the deeper and larger part of the restiform 
■ body. They decussate in the middle line of the medulla, and having reached 
the opposite side, terminate partly in the gracile and cungate nuclei, while 
many of them enter the hilus of the inferior olivary nucleus, and constitute 
the oorebello-olivary tract already described (fig. 700). 
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The anterior external arcajate fibres vary as to their prominence in different 
cases : in some they form an almost continuous layer covering the pyramid 
and olivary body, while in others they are barely ^visible on the surface. They 
arise from the cells of the gracile and cuneate nuclei, and passing forwards 
through the formatio reticularis, decussate in the middle line. Most of them 
reach the smiaoe by way of the anterior median fissure, and arch outwards 
and backwards over the pyramid. Reinforced by others which emerge between 
the pyramid and olivary body, they pass backwards over the olivary body 
and lateral area of the medulla, and enter the outer part of the restiform body. 
They thus connect the oerobellum with the gracile and cuneate nuclei of the 
opposite side. As the fibres arch across the pyramid, they enclose a small 
nucleus which lies in front and to the inner side of the pyramid. This is named 
the nyclcus arevaius, and is directly continuous above with the nuclei pontis in 
the pons Varolii : it contains small fusiform cells, around which some of the 
arcuate fibres terminate, and from which others arise. 

The 'posterior external are,uate fibres also take origin in the gracile and 
cuneate nuclei ; they do not undergo decussation, but pass to the restiform 
body of the same side. 

Fig. 700.—Diagram showing the course of the arcuate .^ibres. (Testut.) 



1. Mcilulla imferiorhurface. 2. Aiiteritjr median fi^siur. ;j. Foiirlli A^rritrii-lo. 4. ()li\.n\ bodt AMtIi liie accc^ory 
oliv<Lr\ iiuelei. f). ({rdcile i\. Cunoutc miclcus. 7. 'J'ri^t'ininal. Jrifmor rerebelhir MK*n 

from m front. U. Posterior fAteinal aroiiati* fibres. Jfl. Anterior external areunte fibres. 11. Intermil areiiato 
libn's. J-. reduiiele of oliTury body. IJl. Nucleus areiiutus. II. rneujiioftastrk*. 10. Uypoplossul. 

Formatio reticularis (fig. 701). This term is applied to the coarse reticulum 
which occupies the anteiior and lateral areas of the medulla, and is seen when 
transverse sections are examined. It is situated behind the pyramid and 
olivary body, extending laterally as far as the restiform bodies, and dorsally to 
w’ithin a short distance of the floor of the fourth v^entricle. The reticulum is 
caused by the intersection of bundles of fibres running at right angles to each 
other, some being longitudinal, otliers more or less transverse in direction. The 
formatio reticularis piesents a different ap])earauco in the anterior area from 
what it does in the lateral area ; in tlie former, there is an almost entire absence 
of nerve-cells, and lienee this part is known as the reticularis alba ; whereas 
nerve-ceUs are numerous in the lateral area., and as a consequence it presents 
a grey appearance, and is termed the reticularis grisea. 

In the substance of the formatio reticularis are two small nuclei of grey 
matter: one is situated near the dorsal aspect of tlie lulus of the inferior 
olivary nucleus, arid is named tlie inferior central nucleus, or nucleus of Roller ; 
the other lies between the olivary body and the sjiinal root of tlie fifth nerve, 
and is termed the nudeua lateralis. 
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In the reticularis alba the longitudinal fibres form two well-defined strands, 
viz. ; (1) the fiUet, which lies close to the raphe, immediately behind the fibres of 
the pyramid ; and (2) the ppst&rior lotigitudinal fasciculus, which is continued 
upwards from the antero-lateral ground bundle of the spinal cord, and, in the 
upper part of the medulla, lies betw'oen the fillet and the grey matter in the floor 
of the fourth ventricle. The longitudinal fibres in the reticularis grisea are 


Fig. 701.—^The formalio reticularis of the medulla, shown by a horizontal section 
passing through the middle of the olivary body. (Testut.) 



1. Anterior lueilian fiysurc. ii. J^'ourtU venti’iclc. 8. ]''ormatio rotii'iilarib, witU its intcmul jiart (roticiilaris 
ulba), and its external jiarb (reticularis griHiMi. 4. itaplie. 5, ryranud. Fillel. 7, liiferJor olivary 
nucleus with the two atjeessory olivary nuclei. 8. Ilypoijlossal nerve, with 8', its nucleus ol oriein. 9. Vasus 
nerve, With its nucleus of termination. 10. E.\tt'nial dorsal auditory nucleus. 11. Nucleus anihignius (nucleus 
of urmiii of mot-or librc^ of ^IdRsthpliuryn^l, vagus, and bulbar jiurtioir of spinal accessory). It2. Grucilc nucleus. 
l.*l. ('uneate nucleus. 14. Kead of posterior cornu, with 14', the lower sensory root of fifth nerve. 1&. Fasdculus 
solitarius. IG. Anterior external arcuate fibres, w'lth IG', the nucleus arcuutus. 17. Nucleus lateralis. 18. Nucleus 
of fasciculus teres. 19. Lagula. 


derived from the lateral column of tlie cord after the crossed pyramidal traet 
has passed over to the opposite side, and the direct cerebellar tract has entered 
the restiform body. They form indeterminate fibres, with the exception of a 
bundle named the fasciculus solilarius, which is made up of descending fibres of 
the vagus and glosso-pharyngeal nerves. The transverse fibres of the formatio 
reticularis are the arcuate fibres already described (pages 820, 821). 

ApjAied Anatomy .—^In bulbar jmralysis, which is really a siweial form of a progressive 
degeneration affecting the whole efferent or motor tract, the disease bo^ns with impainnent 
of the movements of the lips, tongue, pharynx, and larynx, due to degeneration of the motor 
cells in the nuclei of the medulla. Speech and swallowing bocome diflUcuIt, and the saliva 
dribbles from the open mouth. Other grouj>s of muscles soon become involved, and death 
often occurs from ‘ aspiration pneumonia,’ sot up by food that has accidentally passed down 
the trachea. 


The Pons 

The pons (pons Varolii) or fore part of the hind-brain is situated in front of 
the cerebellum. From its superior surface the crura cerebri emerge, one on 
either side of the middle line. Curving round each crus, close to the upper 
surface of the pons, a thin white band, the toenia pontis, is frequently seen ; it 
passes into the cerebellum between the middle and superior peduncles. Behind 
and below, the pons is continuous with the medulla oblongata, from which it 
is Separated on its ventral surface by a furrow in which the sixth, seventh, 
and eighth cranial nerves appear. 
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Its ventral or anterior surface is very prominent, markedly convex from side 
to side, less so from above downwards. It consists of transverse fibres arched 
like a bridge across the middle line, and gathered pn either side into a compact 
mass which forms the middle peduncle of the cerebellum. It rests 
the posterior surface of the basi-sphenoid, and is limited above and ^low 
well-defined borders. It presents, in the middle line, a furrow {sulcus pilaris) 
for the lodgment of the basilar artery ; this furrow is bounded on either side 
by an eminence—the pyramidal eminence —caused by the parage of the 
pyramidal fibres downwards through the substance of the pons. Outside these 
eminences, near the upper border of the pons, the fifth nerves make their exit, 
each consisting of a smaller, internal, motor root, and a larger, external, sensory 
root; a vertical line, drawn on either side immediately outside the fifth nerve, 
may be taken as the boundary between the ventral surface of the pons and the 
middle peduncle of the cerebellum. 


Fig. 702.—^Vertical transverse section of die pons, at its upper path (Testut.) 
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1. Fourth ventricle; its cpcnd^iiiu in yellow. 2. Valvo of \ U'liascns, with 2', its white stratum (auperior medullary 
velum), and 2", Ita Rrcy stratum (lingulu). 3. Superior or Sylvian root of Ix’igcininal. 4. Ncrvo-oclla associated 
with this root. G. I’osterior longitudinal fasciculus. 6. Forinatio reticalaris, 7. Lateral sulcus. 8. ScuUon of 
superior cerobellar peduncle. 9. Mesial fillet. 9'. Lateral fillet. lU, 10. Transverse fibres of pons. 11,11. Lyramidol 
fibres. 12. Kaphe. V. Trigeminal. 


Its dorsal or posterior surface, triangular in shape, is hidden by the cerebellum, 
and is bounded laterally by the superior cerebcUar peduncles. It forms the 
upper part of the floor of the fourth ventricle, with which it will be described. 

Structure (fig. 702).—Transverse sections of the pons show that it is 
composed of two parts which differ from each other in appearance and 
structure : thus, the ventral portion consists for the most iiart of fibres 
arranged in transverse and longitudinal bundles, together with a small amount 
of grey matter; while the dorsal portion is a continuation of the reticular 
formation of the medulla oblongata, and is called the tegmental portion, as 
most of its constituents are continued into the tegmentum of the crus cerebri. 

The ventral part of the pons (pars basilaris pontis) consists of—(a) super¬ 
ficial and deep transverse fibres, (6) longitudinal fibres, and (c) some small 
nuclei of grey matter, termed the nuclei pontis. 

The superficial transverse fibres (fibres pontis superficiales) constitute a rather 
thick layer on the ventral surface of the pons, and are collected into a Wge 
rounded bundle on either side of the middle line. This bundle, with the addition 
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some transverse fibres from the deeper port of the pons, forms the mid^e 
peduncle of the corresponding half of the cerebellum. 

The deep transverse fibres (fibrao pontis profund®) partly intersect and partly 
; lie on the dorsal aspect of the pyramidal fibres. They course to the lateral 
\horder of the pons, and assist the superficial transverse fibres in forming the 
middle peduncle of the cerebellum. The further connections of the transverse 
fibres will be discussed with the anatomy of the cerebellum. 

The longitudinal fibres (fasciculi longitudinales) are derived from the crura 
cerebri, and enter the upper surface of the pons. They stream downwaids on 
either side of the middle line in larger or smaller bundles, separated from each 
other by the deeper transverse fibres; these longitudinal bundles cause a 
forward projection of the superficial transverse fibres, and thus give rise to the 
pyramidal eminences on the ventral surface. Some of these fibres end in the 
nuclei pontis, and others, after decussating, in the motor nuclei of the fifth, 
sixth, seventh, and twelfth nei-ves ; but most of them are carritd through 
the pons, and at its lower surface arc collected into the pyramids of the medulla. 
The fibres which end in the motor nuclei of the CT’anial nerve.s are- derived from 
the cells of the cerebral cortex, and bear the same relation to t he motor cells of 
the cranial nerves that the pyramidal fibres Itcar to the motor cells in the anterior 
horn of the ttord. 

The nvjclei pontis are continuous with the arcuate nuclei in the medulla, 
and consist of small groups of multipolar nerve-cells uhieh arc scattered 
between the bundles of transverse libi-es. 

The tegmental or dorsal part (pars dorsalis pontis) of the pons is chiefly 
composed of an upward continuation of the reticular formation and grey mattei* 
of the medulla. It is subdivided into lateral halves by a median raphe, Avhich 
however does not extend into the ventral part of the pons, being obliterated 
by the transv'erse fibres. 

The tegmental i)ortion of the pons consists of transverse and longitudinal 
fibres, and also nontains important grey^ nuclei, n’lu* transverse fibres in the 
lower part of the pons are collected into a distinct strand, named the 
corpus trapezoideum. This consists of fibres uiiieh arise from the cells of the 
ventral or accessory auditory'^ nucleus, and will be referred to in connection 
with the coelilear division of the auditory nerve. In the substance of the 
corpus trapezoideum is a collection of nerve-cells, which constitutes the 
trapezoid nucleus. The longitudinal fibres, which are continuous with those 
of the medulla, are mostly collected into two bundles on either side. One of 
these lies between the corpus trapezoideum and the reticular formation, and 
forms the upw'ard prolongation of the fillet-, the second is situated near the 
floor of the fourth ventricle, and is th«i posterior longitudinal fasciculus. Other 
longitudinal fibres, which are more diffusely distributed, arise from the cells 
of the grey ma4ter of the jwns. 

The greater part of the dorsal portion of the |)ons is a continuation upward 
of the forrnatio reticularis of the medulla, and, like it, presents the a])j)earance 
of a netw'ork, in the nu-shes of which are numerous nerve-cells. Besides these 
scattered nerve-cells, there an* some important masses of grey matter w’hich 
require mention, viz. the superior, olivary nucleus and the nuclei of the fifth, 
sixth, seventh, and eighth nerves (fig. 697). 

1. The superior olivary nucleus (nucleus olivaris superior) is a small mass 
of grey matter situated on the dorsal surface of tin* outer part of the corpus 
trapezoideum. Rudimentary in man, but w’ell developed in certain animals, it 
exhibits the same structure as the inferior olivary nucleus, and is situated 
immediately above it. Some of the fibres of the corpus trapezoideum end by 
arborising around the cells of this nucleus, while others arise from these cells. 

2. Nuclei of the fifth nerve .—The nuclei of the fifth nerve in the pons are 
two in number ; a motor and a sensory. The motor nucleus is situated in the 
upper jjart of the pons, close under its dorsal surface and along the line of the 
lateral margin of the fourth ventricle. The axis-cylinder processes of its cells 
form a portion of the motor root of the fifth nerve : the remaining fibres of 
the motor root of this nerve are formed by a tract which arises from the grey 
matter of the floor of the Sylvian aqueduct, and hence is named the Sylvian or 
mesencephalic root. The sensory nucUus lies external to the motor one, and 
beneath the superior peduncle of the cerebellum. Some of the sensory fibres 
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' lol the fifth nerve terminate in this nuoleus; but the greater number, 
under the name of the lower sensory or spinal root, tu#n<i in the substan6a 'X< 
gelatinosa of Rolando. The roots, motor and sensory, of the fifth nerve pMS; 
through the substance of the pons and emerge near the upper margin of ite ^ 
ventral surface. 

3. The nucleus of the sixth nerve is a circular mass of grey matter situated 
close to the floor of the fourth ventricle, above the strise aousticse and subjacent 
to the eminentia teres ; it lies a little external to the ascending part of the 
seventh nerve. The fibres of the sixth nerve pass forward through the entire 
thickness of the pons on the mesial side of the superior olivary nucleus, and 
between tlic outer bundles of the pyramidal fibres, and emerge in the furrow' 
between tlie low'iT border ot the pons and the pyramid of the medulla. 

4. The nudeMS of the seventh nerve is situated deeply in the reticular formation 
of tlie pons, on tlie dorsal aspect of the superior olivary nucleus, and the roots of 
tlu! ru'rve derived from it pui'suc a remarkably tortuous course in the substance 
of the pons. At first they pass backwards and inwards until they reach the 
floor of the fourth ventricle, close tp the median groove, Avhere they are collected 
into a round bundle. Tliis passes upwards and forwards, producing an elevation 
(fasciculus teres) in the floor of the ventricle, and then takes a sharp bend, and 
arelu's outwards through the substance of the pons to emerge at its lower 
border in t In; interval between the olivary and restiform bodies of the medulla. 

5. The miclci of the. auditory nerve. —The auditory nc'rve consists of a cochlear 
and a vestibular division. The fibres of the cocihlear division end in two nuclei : 

(a) the lateral cochlear nucleus, which corresponds to the tuberculurn acusticum 
on the dorso-lateral surface of th<‘restiform body; and (b) the central or accessory 
cochlear nucleus, which is placed b(‘twecn the two divisiems of the neive, on the 
ventral aspect of tlu' restiform body. Tlie nuclei in which the vestibular 
division ends are (a) tlu* dorsal or chief vestibular nucleus, which corresponds to 
the trigoinim acustici in the floor of the fourth ventricle; the caudal end 
of this nu(*leus is sometimes termed the desceiulivg or spinal vestibular nucleus ; 

(ft) tlie nucleus of Deiters, consisting of large tsdls and situated in the lateral angle 
of the floor of the fourth ventricle ; the dorso-latm'al part of this nucleus is 
sometimes termed the nucleus of Bechtereiv. 

Apjdied Anatomy. —Injury to the pons, such as may occur on tho occlusion or rupture 
of one of its blood-vessels, often gives rise to a special train of symptoms that is almost 
diagnostic. Pontine lesions are characterised mainly by ‘ alternate jiaralyscs ’; that is to 
say, by paralysis of one of tlio motor cerebral nerves on one side, and of the limbs on the 
other side of the body. Tims a luemorrhagc into the lower part of tho pons might cause 
paralysis of tho face (' lower segment paralysis ’) on the same side, from destruction of the 
facial nucleus or nerve-rool, and paralysis of the arm and leg on the opposite side from 
injury to the adjacent pyramidal tract. In the same way, paralysis of tho External rectus 
muscle of one eye and of the Internal rectus of Ihti other (‘ conjug.‘».tc paralysis ’ of the 
muscles turning the two eyes in one liiretdion) and often paralysis of one sid^’bf the face as 
well, together with palsy of (ho limbs on the opposite side of the body, may bo found when 
tho lesion occurs about the nucleus of the sixth nerve. Hearing is often unaffected in 
pontine lesions, jiossibly bocause the central auditory tract occui)ies a ventral and external 
position in the pons. 

• The Ceiiebelltjm 

TWcerebellum constitutes the largest part of tin* hind-brain. It lies beliind 
the pons Varolii and medulla oblongata, while between its central portion and 
these struetures is the cavity of the fourth ventricle. It rests on the inferior 
occipital fossae, wdiile above it is a fold of dura mater, named the tentorium 
cerebelli, wdiieh separates it from the tentorial surface of tlie cerebrum! It is 
somewhat oval in form, but constricted inosially and flattened from above 
downwards, its greatest diameter being from side to side. Its surface is 
not convoluted like that of the cerebrum, but is traversed by numerous 
curved furrow's or sulci, which vary in deiJth at different parts, and separate 
the laminae of which it is composed. 

Lobes of the cerebellum. —The cerebellum consists of three parts, a median 
a nd two la teral, w'hich are continuous w'ith each otlicr, and are substantially tlie 
same in structure. The median portion is constricted, and is called the worm or 
vermis, from the annulated appearance which it presents owing to transve^rse 
ridges and furrows upon it; the lateral expanded portions are named the 
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he^i 9 'p}ie.re^. On the upper surface of the cerebellum the vermis is elevated above 
the level of the hemispheres, but on the under surface it is sunk almost out 
of sight in the bottom of a deep depression between them ; this depression 
is called the vallecula ccrehelli, and lodges the medulla oblongata. The part 
of the vermis which lies on the upper surface of the cerebellum is named the 
superior vermis ; that on the lower surface,' the inferior vermis. Below and 
behind, the hemispheres are separated bjr a deep notch, the posterior cerebellar 
notch (incisura cerebeUi posterior), and m front by a broader shallower notch, 
the anterior (xrebeUar ruotch (incisura cerebeUi anterior). The anterior notch 
lies close to the pons and upper port of the medulla, and its upper edge 
encircles the lower pair of corpora quadrigemina and the superior x>eduncles 
of the cerebellum. The posterior notch contains the upper part of a fold of 
dura mater, the falx cerebeUi. 

The cerebeUum is characterised by its laminated or foliated appearance; 
it is marked by deep, somewhat curved fissures, which lie close together, and 
extend fqp a considerable distance into its substance, dividing it into a scries 
of layers or leaves. The largest and deepest fissure is named the great 
horizontal fissure (sulcus horizontalis cerebeUi). It commences in front at the 
pons, and passes horizontally round the free margin of the hemisphere to the 
middle line behind, and divides the cerebellum into an upperUnd a lower portion. 
Several secondary but deep fissures st'parate the cerebeUum into lobes, and 
these are further subdivided by shallower sulci, which separate the individual 
folia or laminae from each other. Upon making sections across the laminae, 
it wiU be seen that tire folia, though differing in appearance from the 
conv'olutions of the cerebrum, are analogous to them, inasmuch as they consist 
of a central white substance with a covering or cortex of grey matter. 

The cerebellum is connected to the cerebrum, pons, and medulla by three 
pairs of peduncles : a superior ))air connect it with the cerebrum ; a middle 
pair with the pons ; and an inferior pair with the medulla. 

The upper surface of the cerebellum (fig. 703) is elevated in the 
middle line and sloped towards the eireumference, the hemisjjhcres being 
connected together by the sui)erior vermis, which assumes the form of a raised 
median ridge, most prominent in front, but not sharply defined from the 
hemispheres. This surface is traversed by four curved fissures, which extend 
across its whole width and divide it into five lobes. Although each lobe 


t'lo. 703.—Upper surface of the cerebellum. (Schafer.) 



extends continuously from side to side the portion of the lobe in the vermis 
has received a different name from that in the hemispheres. The five lobes in 
the vermis are named, from before backwards : (1) the lingula, (2) the hbulus 
centralis, (3) the culmen moniiculi, (4) the clivtis monticuli, and (6) the folium 
meuminis ; and the corresponding lobes in each hemisphere are termed: (1) the 
froenulum, (2) the ala lobuli centralis, (3) the anterior crescentic, (4) the posterior 
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t'rescentic, and (5) the postcro-superior. The four fissures are named from before 
backwards, the precentral, the postcentral, the preclival, and the postcUval. 
Tlie arrangement of these' lobes and fissures will be understood by a reference 
to the accompanying solieme, in which they are named in order from before 
backwards. 


Hemisphere 
Eraenulum. . 

Ala lobuli centralis. 

Anterior crescentic lobe. 

Posterior crescentic lobe. 


Superior vermis 

Lingula. 

Precentral fissure 
Lobulus centralis. 

Postcentral fissure 
Cubnen monticuli. 

Preclival fissure 
Clivus monticuli. 


Postclival fissure 
Postero-superior lobe. Folium cacuminis. 


Hemisphere 

Frsenulum. 

Ala lobuli centralis. 

Anterior crescentic lobe. 

Posterior crescentic lobe. 

Postero-superior lobe. 


The lingula is a small tongue-shaped process, consisting of four or five 
folia ; it lies in front of the lobulus centralis, and is concealed by it. Anteriorly, 
it rests on the dorsal surface of the valve of Vieussena, and its white matter 
is continuous with that of the valvt\ On cither side, the lingula ^adually 
shades off, and is prolonged for only a short distance into the hemispheres, 
wliere it forms the fraenulum. This do(js not stretch beyond the superior 
peduncle of tlic eerebcllum, over which it lies. 

The lobulus centralis is a small square lob(', situated in the anterior notch. 
It overlaps the lingula, and is in turn partially conceahsd by the culmen 
monticuli ; laterally, it extends along the upper and anterior part of each 
hemisphere, where it forms a wing-liktj prolongation, the ala lobuli centralis. 

The culmen monticuli is much larger than the; two lobes just described, 
and constitutes, with the succeeding lobe, the bulk of the superior vermis. 
In fj'ont, it partially overlaj)S and obscures the lobulus centralis ; and behind, 
it is se.j»arated from the clivus by the jrrcclivnl fissure. It forms the most 
prominent part of the superior vermis, and is marked on its surface by three 
or four secondary fissures, which divide it into smaller lobules. Laterally, 
it is continuous with the anterior crescentic lobes of the hemisphert's, which 
arc 6ei)arated from the i>osterior ereseentie lobes by the preclival fissure. The 
culmen monticuli and the two anterior crescentic lobes form the lobus 
culminis. 

The clivus monticuli is of considerable size, and consists at a group of 
laminso which are separated in front from the culmen by the preclival fissure, 
but appear behind to be almost continuous with the folium cacuminis ; it will 
be found, however, on careful examination, to be separated from it by a 
well-defined fissure, the postclival fissure. Laterally, this lobe is continued 
into the hemispheiges as the posterior crescentic lobes, which are somewhat 
semilunar in shape, and form, with the anterior crescentic lobes, the greater 
part of the upper surface of the hemispheres. The two posterior crescentic 
lobes and the intervening clivus monticuli constitute the lobus clivi. 

The folium cacuminis is a short, narrow, concealed band at the posterior 
extremity of the vermis, consisting apparently of a single folium, but in reality 
marked on its upper and under surfaces by secondary fissures. LatCTally, it 
expands in either hemisphere into a considerable lobe, which is semilunar in 
shape, and is situated at the postero-superior part of the hemisphere, and 
bounded below by the great horizontal fissure. It is named the postero- 
superior lobe, and occupies the posterior third of the ^per surface of the 
hemisphere, forming its rounded postero-lateral border. The postero-superior 
lobes and the folium cacuminis form the lobus cacuminis. 

The under surface of the cerebellum (figs. 704,706) presents, in the middle 
line, the inferior vermis, buried in the vallecula, and separated from the 
hemisphere on either side by a deep groove, the sulcus valleculoB. Here, as on 
the upper surface, there are deep fissures, dividing it into separate segments or 
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lobes; but the arrangement is more complicated, and the relation of the 
segmejits of the vermis to those of the hemisphere is less clearly marked. 
This surface is divided into four lobes by three main fissures, which, however, 
are not so regularly disposed as those on the upper surface. The lobes on the 
vermis are named from before bafskwards: (1) the nodule, (2) the uvula, (3) the 
pyramid, and (4) the tvher valvul/ce or tuber posticum. On the hemispheres 

• Fig. 704. —Under surface of the cerebellum. (Schafer.) 


Ala lobiih 

fvntralis l<’Iorctilus Orcaf 



the corre.sponding lobes arc: (1) the jlocculu/i, (2) the amygdala or iorisil, (3) the 
bivi'ntrnl or digastric lobe, and (4) the postero-inferierr lobe, which occupies 
at least two-thirds of tlie under surface and is subdivided by a secondary 
fissure, named the postgracilc fissure ; the anterior of the two subdivisions is 
named tlic slender hbe (lobus gracilis) ; and the posterior, the inferior semilunar 


Fig. 70").—T)iiifrram sliowina fissurc.s on under surface of the cerebellum. 



r. N. .Nodule, u. Uvula. TY, Pyruinld. AM, Auiygdula. lilVKNT. Biveutrul lobe. 


or postero-inferior lobe. The three main fissures fere : (1) The poatnodular 
fissure which runs transversely across the vermis, separating the nodule in front 
from the uvula behind. When this fissure reaches the hemispheres, it passes 
in front of the amygdala, and then crosses between the flocculus in front and 
the biventral lobe behind, and joins the anterior end of the great horizontal 
fissure. (2) The frepyramidal fissure crosses the vermis between the uvula in 


THE CEREBELLUM 


829 


front and the pyramid behind, then curves laterally behind the amygdala, 
and passes forwards along the outer border of this lobe, between it and the 
biventral lobe, to join the postnodular fissure. (3) The postpyramidal fissure 
passes across tlie vermis behind the pyramid and in front of the tuber valvulffi, 
and, in the hemispheres, courses behind the amygdala and biventral lobes, and 
then along the outer border of the biventral lobe to the postnodular sulcus. 
It forms the anterior boundary of the postero-inferior lobe, which, as already 
stated, is subdivided by tlie postgracile fissure. Tlu'se fissures and lobes are 
here arranged, from before backwards, in a schematic form. 


Hemisphere 

Flocculus. 

Amygdala. 

Biventral lobe. 

Lobus gracilis. 

Postgracile fissure. 
Inferior semilunar lobe. 


Inferior vermis 
Nodule. 

Postnodular fissure 
Uvula. 

Prepyramidal fissure 
Pyramid. 

Postpyramidal fissure. 
I 

Tuber valvula*. 


Hemisphere 

Flocculus. 

Amygdala. 

Biventral lobe. 

( Lobus gracilis. 

I Postgracile fissure. 

' Infiulor semilunar lobe. 


The nodule and flocculus. —The nodule is a distinct prominence, forming 
the anterior extremity of the infesrior vermis. It abuts against the roof of the 
fourtli ventricle, and can only be distinctly sccui after the cerebellum lias been 
separated from the medulla and pons. On either side of the nodule is a thin 
layer of white substance, named the inferior medullary velum. It is semilunar 
in form, its convex border being continuous with the white substance of the 
cerebellum ; it extends on either side as far as the flocculus, Avhich it connects 
w'ith the nodule. The flocculus is a prominent, in’cgular lobule, .situated just 
in front of the biventral lobe, between it and the middle jieduncle of the 
cerebellum. It is subdivided into a few small laminai, and is connected to 
the inferior medullary velum by its central w'hite core. The floccuh, together 
with the inferior medullary velum and nodule, constitute the lobus noduli. 

The uvula and amygdalx. —The uvula forms a considerable portion of 
the inferior vermis ; it is separated on either side from the amygdala by the 
sulcus valleculce, at the bottom of which it is conneided to the amygdala by a 
ridge of grey matter, indented on its surface by shallow furrows, and lienee 
called the furrowed hand-. It is marked on its surface by three or four trans¬ 
verse fissuies. The amygdalae, or tonsils, are rounded masses, situated in the 
lat' ral hemisplu>res. Each lies in a deep fossa, termed the bird's nest (nidus 
avis), between the uvula, and the biventral lobe. The uvula and tonsils form 
the lobus uvulae. 

The pyramid and biventral lobes constitute the lobus pyramidis. The 
pyramid is a conical projection, forming the largest prominence of the inferior 
vermis. It is separated fi-om the hemispheres by the sulcus vallecula;, across 
w'hicli it is connected to l,he biventral lobe by an Indistinct grey band, analogous 
to the furrowed band already described. The biviuitral lobe is triangular in 
shajie ; its apex points inw'ards and backwards, and is joined by the connecting 
band to the pyramid. The external border is separated from the slender lobe 
by the postpyramidal fissure. The base is diieeted forwards, and is on a line 
with the anterior border of the amygdala, and is separated from the flocculus 
by the postnodular fissure. 

The tuber valvuls and the postero-inferior lobes collectively form the 
lobus tuberis. The tuber valvulae is the most posterior division of ihe inferior 
vermis. It is of small size, and laterally spreads out into the large postero- 
inferior lobes of the hemispheres. These lobes, as stated above, comprise at 
least tw'o-thirds of the inferior surface of the licmisphei-e, and are divided into 
two by the postgracile fissure. The anterior part is named the. slender lobe 
(lobus gracilis) ; and the posterior, the inferior semilunar kbe. Etmh of them 
is traversed by a curved fissure ; that in the slender lobe being ^vell marked 
and termed the intragracile fissure. 
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Internal SrRucrtrRB of the Cebebelluh 

The cerebellum consists of white and grey matter. 

White matter. —If a sagittal section (fig. 706) be made through either 
hemisphere, the interior will be found to consist of a central stem of white 
matter, in the interior of which is a gi-ey mass, the nucleus dentatus. From 
the surface of this central stem a series of plates of medullary matter are 
detached; these are covered with grey matter and form the laminae. In 
consequence of the main branches from the central stem dividing and sub¬ 
dividing, the section presents a characteristic appearance, which is named the 
arbor mice. If the sagittal section be made through the middle of the vermis, 
it will be found that the central stem divides into a vertical and a horizontal 
branch. The vertical branch passes upwards to the culmen, where it 
subdivides freely, one of its ramifications passing forwards and upwards 
to the central lobe. The Jwrizontal branch passes backwards to the folium 
cacuminis, greatly diminished in size in consequence of having given off 
large secondary branches : one, from its upper surface, ascends to the clivus ; 
the others desciend, and enter the lobes in the inferior vermiform process. 


Fifl. 706.—Sagittal section of the cerobcllurn, near the jjoint of junction of the vermis 

with the hemisphere. (Schafer.) 
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viz. the tuber valvulae, the pyramid, the uvula, and the nodule. It is not 
necessary to describe in detail the various divisions of the white matter, as 
they correspond to the lobes on the surface. 

Tlie white matter of the cerebellum includes two sets of nerve-fibres : 
(1) the peduncMlar fibres, continuous w ith those of the peduncles of the cere¬ 
bellum ; (2) the fibres proper { fibree proprice) of the cerebellum itself. 

The peduncles.—From the anterior part of each hemisphere arise three 
large processes or peduncles—superior, middle, and inferior—by which the 
cerebellum is e<3nnectcd wuth the rest of the brain. 

The superior peduncles emerge from the upper and mesial part of the 
white substance of the hemispheres and are placed under cover of the upper 

} )art of the cerebellum. They are joined to each other across tlie middle 
me by the valve of Vieussens, and can be followed upwards as far as the 
inferior quadrigeminal bodies, under which they disappear. Below, they form 
the upper lateral boundaries of the fourth ventricle, but as they ascend they 
converge on the dorsal aspect of the ventricle and thus assist in roofing it in. 

The fibres of the supiTior peduncle are mainly derived from the cells of 
the nucleus dentatus, and emerge from the hilus of this nucleus; a few arise 
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from the cells of the smaller grey nuclei m the cerebella<r white substance, and 
others from the cells of the cerebellar cortex. Thev are continued upwards 
beneath the corpora quadrigemina, and the fibres of tue two peduncles undergo 
a complete decussation in front of the Sylvian aqueduct. Having crossed 
the middle line they divide into ascending and descending groups of fibres, 
the former ending in the red nucleus, the thalamus, and the nucleus of the 
third nerve, while the descending fibres can be traced as far as the dorsal part 
of the pons ; Cajal believes them to be continued into the anterior column of 
the spinal cord. 

As already stated (page 806), the greater part of the tract of Gowers passes 
to the cerebellum, which it roaches by way of the superior peduncle. 

The middle peduncles are the largest, and are formed by the transverse 
fibres of the pons. They enter the cerebellum between the margins of the 
great horizontal fissure, and their fibres are grouped into two main bundles : 
one, consisting of the upper transverse fibres of the pons, spreads out in 
the infero-lateral part of the hemisphere; the other, comprising the lower 
transverse fibres of the pons, radiates into the upper part of the hemisphere. 

The middle peduncle is compose<i entirely of centripetal fibres, which arise 
from the ciells of the nuclei pontis of the oppe site side and terminate in the 
cerebellar cortex. 

The inferior peduncles consist mainly of afferent fibres, and arc continuous 
below wdth the restiform bodies of the medulla oblongata.* They pass at first 
upwards and outwards, forming part of the? lateral walls of the fourth ventricle, 
and then bend abruptly backw'ards to enter the cerebellum between the middle 
and superior peduncles. 

The inferior peduncle contains the following fasciculi ; (1) the direct 
cerebellar tract of the spinal cord, which terminahis mainly in the superior 
vermis ; (2) fibres from tlie nucleus gracilis and nucleus cuneatus of the same 
and of the oiqwsite sides; (3) fibres from the op])Osite olivary body; (4) crossed 
and uncrossed fibres from the reticular formation of the medulla ; (5) vesti¬ 
bular fibres, derived partly fiom the vestibular division of the auditory nerve 
and partly from the nuclei in w'hieh this division terminates—these fibres 
occupy the inner segment of the peduncle and divide into ascending and 
descending grouj)K of fibres ; the ascending fibres partly end in the roof nucleus 
of the opjmsite side of the cerebellum ; (6) ecj’obello-bulbar fibres which come 
from the opposite roof nucleus and probably from the nucleus dentatus, and 
are said to end in the nucleus ot Deiters and in the formatio reticularis of the 
medulla oblongata. 

The valve of Vieussens, or superior medullary velum, is a thin, 
transparent lamina of uhite matter, which stretches across from one superior 

f iedunclo to the other ; on the dorsal surface of its lower half the folia of the 
insula an- prolonged. It forms, together with tlu? superior peduncles, 
the roof of the upper part of the fourth ventricle, and is continuous with the 
central wiiitc stem of the cerebellum. It is narrow above, where it passes 
beneath the corpora quadrigemina, and broader below, at its connection 
with the white substance of the superior vermis. A slightly elevated ridge, 
the frmnulum vdi, descends upon the upper pgirt of the valve from between 
the lower corpora quadrigemina, and on either side of this the fourth nerve 
emerges. 

The inferior medullary velum is a thin layer of white substance, which is 
prolonged from the w'hite c(‘ntre of the medulla above and on either side of 
the nodule, and assists in forming a part of the roof of tfie fourth ventricle. 
Somewhat semilunar in shape, it is continuous with the w'hitc substance of the 
cerebellum by its convex edge, while its thin concave margin is apparently free. 
In reality, however, it is continuous with the epithelium of the ventricle, which 
is pi-olonged downwards from the inferior medullary velum to the ligulse. 

The two medullary vela are in contact with each other along their line of 
emergence from the white substance of the cerebellum ; and this lino of contact 
forms the summit ot the roof of the fourth ventricle, which, in a vertical section 
through the cavity, appears as a pointed angle. 

* Strictly speaking, each .'nferior peduncle consists of an inner and an outer segment, the 
latter of which is the restiform body. 
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The fibrae propriae of the cerebellum are of two kinds : (1) commissural 
fibres, which cross the middle line to connect the opposite halves of the 
cerebellum, some at the anterior part, and others at the posterior part of the 
vermiform process; (2) arcuate or association fibres, which connect adjacent 
laminee with each other. 

Grey matter.— The grey matter of the cerebellum is found in two 
situations ; (1) on the surface, forming the cortex ; (2) as independent masses 
in the interior. 

(1) The grey matter of the cortex presents a charactteristic foliated 
appearance, duo to the series of lamiuaj which are given off from the central 


Itu. 707.—^Transverse section of a cerebellar foUum. (Diagrammatic, after Cajal and 

Kolliker.) 
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white matter ; these in their turn give off secondary laminae, which are covered 
with grey matter. This arrangement gives to the cut surface of the organ 
a foliated appearance (tig. 706), Externally, the cortex is covered by pia 
mater ; internally is the medullary centre, consisting mainly of nerve-fibres. 

Microscopic appearance of the cortex. —The cortex consists of two distinct 
layers, viz. an external grey molecular layer, and an internal rust-coloured 
granular layer. Between the two layers is an incomplete stratum of cells 
which are characteristic of the cerebellum, viz. the cells of Purkinge, 

The external grey or molecular layer (fig. 707) consists of fibres and colls. 
The nerve-fibres „ are delicate fibriJlas, and are derived from the following 
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sources : («) the dendrites and axon-collaterals of Purkinjo’s cells; (6) fibres 
from cells in the granular layer; (c) fibres from the central white substance of 
the eerebelluin ; (d) fibres derived from cells in the molecular layer itself. In 
addition to these arc other fibres, wliicli have a vertical direction. TJiese are 
the processes of large neuroglia-cells, situat(d in the granular layer. They ))ass 
outwards to the periphery of the gniy matter, where they expand into little 
conical enlargements which form a sort of limiting membrane beneath the pia 
mater, analogous to the membrana limitans interna in tlu* retina, formed by 
the fibres of Mullcj’. 

Tije fic/fo of the. molecular layer are small, and are arranged in two strata, an 
outer and an inner. Th(>y all possess branchcHl axis-(!ylindei' pi-oeesscs ; those 
of tlic inner layer run for some distance horizontally--i.e. parallel with the 
surface of the folium—giving off collaterals, whicfh pass in a verti(!al direction 
towards tlic cell-bodies of Purkinje’s corjmscles, around which thc 3 ' become 
enlarged, and form a basktd-like network. Hence these cells of the inner layer 
are named hanket-CA'llfi. 

The cells of Purkinje form a single stratum of large, flask-shaped cells 
situated at the junction of tlic moleculai and granular laj^Ts, their bases resting 
against the latter; in lislies and reptiles they are arranged in several layers. 
Tlic cells arc flattened in a direction transvirsc to the long axis of the folium, 
and thus appear broad in sections carried across the folium, and fusiform in 
sections [larallel to the long axis of the folium. From the neck of the flask one 
or more dendrites arise and pass into the molecular layer, where they sub¬ 
divide and form an extremely rich arborescence, the various subdivisions of the 
dendrites being covenal b_v lateral spimi-like pi’ocessi's. This arbori'scence is 
not circular, but, like tlu* cell, is llattencd at right angles to the long axis of 
the folium ; in other words, it docs not resemble a round bush, but has been 
aj)tlj'coni]iared b,v ObersteiiK'r to the branches of a fruit tree trained against a 
trellis or a wall. Hence, in sections carried across the folium the arborescence 
is broad and cxjianded ; u hereas in those which are parallel to the long axis of 
the folium, the arborcscene(>, like the cell itself, is seen in profile, and is limited 
t o a na now annx. 

From the bottom of tin* flask-shajx'd cell the axon arises ; this passes 
through the granular layer, and, Ix'coming medullated, is continued as a 
nerve-fibre in the subjacent white; substance*. This axon as it. passes through 
tin* granular layer gives off firu; collaterals some of which run back into the 
molec ular layer. 

'riie iiilermtl rufst-colourcd, yratiular, or unclear, layer (fig. 707) is 
charactc'rised by containing numerous small nerve-cc'lls or granules of a 
reddish-brown colour, together with many neivc-fibrils. Most of the cells 
are nearly spherical and provided with short dendrites which spread out in 
a S 2 )ider-lik(“ manner in the granular laycu*. Their axons ^lass outwards into 
the molecular layer, a,ud, bifurcating at right angles, run horizontally for some 
distance. In the outer part of the* granular layer arc some larger cells, of the 
type termed Oolyi cells. Their axons undewgo frequent division as soon as they 
leave the nerve-ccills, and pass into the granular layer; while their dendrites 
ramify chicefly in the molecular layer. 

Finally, in the? grey matter of the cerebellar cortex, there are fibres which 
come from the white centre and jwnetratethc c*ortex. The cell-origin of these 
fibres is unknown, though it is believed that it is probably in the grey matter of 
the spinal cord. Some of these fibres end in the granular layer bj'dividing into 
numerous branches, on which are to be seen peculiar moss-like appendages ; 
hence they have been termed by Ramon y Cajal the moss-fibres ; they form 
an arborescence around the cells of the granular layer. Other fibres derived 
from the medullary centre can be traced into the molecular layer, where their 
branches cling around the dendrites of Purkinje’s cells, and hence they have 
been named the cUngitig or Utidril fibres. 

(2) The independent centres of grey matter in the cerebellum are 
four in number on either side ; one is of large size, and is known as the nucleus 
dentatus ; the other three, much smaller, are situated near the middle of the 
cerebellum, and arc knowui as the nucleus emboliformis, nucleus globosus, 
and nucleus fastigii. 

3 H 
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The nucleus derdatus (fig. 708) is situated a little to the inner side of the 
centre of tlie stem of the white matter of the hemisphere. It consists of an 
irregularly folded lamina, of a greyish-yellow (;olour, containing white fibres, 
and presenting on its antcro-intcrnal aspect an opening, the hilus, from which 
most of the fibres of the superior cerebellar peduncle emerge. 

The nucleus emboliformis lies immediately to the inner side of tire corpus 
dentatum, and partly covering its hilus. Tlie nuclem ghhosus is an elongated 
mass, directed antero-posleriorly, and plac-ed to tlie inner side of the preceding. 
The nucleus fasligii, or roof nucleus of Stilling, is somewhat larger than the other 

I’lo. 708.—Sagittal section through right cerebellar hemisphere. The right ohvary 
body has also been cut sagittally. 

iSiipr.rior 

Nucleus (lentutus peduncle 

I I Corpora quadriijeniina 



two, and is situated close to the middle line at the anterior end of the superior 
vermiform process, and immediately over the roof of the fourth ventricle, from 
which it is separated by a thin layer of white matter. 

Weight of the cerebellum. —Its averagf' weight in the male is about 
5 oz. 4 di’s. It attains its maximu m between the twenty-fifth and fortiet h years ; 
its increase after the fourteenth year being relatively greater in the female than 
in the mahi. The proportion between the cerebellum and cerebrum is, in the 
male, as 1 to 8‘2, and in the female as 1 to 8. In the infant the cerebellum is 
proportionately much smaller than, in the adult, the relation between it and the 
cerebrum being, according to Cruveilhier, 1 to 20. 

Applied Avahmy .—Tbo general functions of the cerebellum in the human eeonomy 
appear to be the co-ordination of movements and equilibration. The exact functions of 
its different parts are still quite uncertain, owing to the contradictory nature of the evidence 
furnished by (1) ablation experiments upon animals, and (2) clinical oteervations in man 
of the effects produced by alwesses or tumours affecting different portions of the organ. 
According to W. A. Turner, ‘ The following localising symptoms would therefore indicate 
the presence of a tumour implicating the right cerebellar hemisphere and middle peduncle: 
deafness in the right ear, unassociated with middle ear complications ; an unsteady and 
uncertain gait, with a tendency to fall more particularly to the right side ; coarse nystag¬ 
moid oscillations on looldng to the right; movements resembling those of disseminate 
sclerosis on volitional effort of the right arm ; an awkward uncertain action of the right leg ; 
k slight increase of the right knee-jerk ; and, perhaps, slight blunting of sonsibiUty over 
the right cornea and side of the face.’ 


f The Fohbth Ventricle 

The fourth ventricle (ventriculus quartus), or cavity of the hind-brain, is 
situated in*front of the cerebellum and behind the pons Varolii and upper half of 
. 1 .1 .ii_ T+ is Unod hvciliatedepithelium, and is continuous below 
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with the central canal of the medulla oblongata ;* above, it communicates, by 
means of a passage termed the acpieduct of Sylvius, witli the cavity of the third 
ventricle. It presents four angles, and possessi's a roof or dorsal wall, a floor 
or ventral wall, and lateral boundaries. 

Angles. —The superior angle, is on a lev(*l with the upper border of the pons 
Varolii, aiid is continuous with the lower end of the aquculuet of Sylvius. The 
inferior avxjle is on a levid with the lower tnid of the olivary body, and opens iiito 
the central canal of the medulla oblongat a. Each lateral angle corresponds with 
the point of meeting of the three cerebellar peduncles. A little below the lateral 
angles, on a l<*vel Avith the stria' acustierC, tin' vtmtriculai' eavity is prolonged 
outwards in the form of two narrow ])assages, one; on either side. These an^ 
named tli<^ lateral recesses, and are situated between the restiform bodies and 
the tloeeuli, reacihing as far as tlu! attachments of the glosso-pharyngcjd and 
vagi nerv'cs. 

Lateral boundaries. -The lower part of each lateral boundary is con¬ 
stituted by the clava, the fascicnilus euneatus, and the restiform body ; the 
upper part by the sup(*rior c-erebellar peduncle. 


Fio. 709.—Scheme of roof of fourtli ventricle. 



Roof or dorsal wall (fig. 709).—^The upper portion of the roof is formed by 
the superior cerebellar peduncles and the valve of Vieussens ; the lower portion, 
by the inferior medullary velum, the epithelial lining of the ventricle covered 
by the tela chorioidea inferior, the ligul® and the obex. 

The superior peduncles, on emerging from the central white substance of the 
cerebellum, pass upwards and forwards, forming at first the lateral boundaries 
of the upper part of the cavity ; but on approacliing the inferior quadrigeminal 
bodies, they converge, and their mesial portions overlap the cavity and form 
part of its roof. 

The superior medullary velum (velum medullare anterius) (page 831) fills in 
the angular interval between the superior peduncles, and is continuous behind 
with the central white substance of the cerebellum ; it is covered on its dorsal 
aspect by the lingula of the superior vermis. 

The inferior medullary velum (velum medullare posterius) (page 831) is 
continued downwards and forwards from the central white substance of the 
Qerebellum in front of the nodule and amygdalae, and ends inferiorly in a thin, 

• J. T. Wilson {Journal of Anatomy and Phygiology, vol. xl.) has pointed out that the central 
canal of the medulla, immediately below its entrance into llie fourth ventricle, retains the 
cleft-like form presented by the foetal spinal canal, and that it is marked by dorso- and ventro¬ 
lateral snlci. 
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concave, somewhat ragged margin. Below this margin the roof is devoid of 
nervous matter except in the immediate vicinity of the lower lateral boundaries 
of tlie ventricle, where two narrow ^A•hite bands, the ligulas, appear; these 
bands meet over the inferior angle of the ventricle in a thin t riangular lamina, 
the obex. The non-nervous part of the roof is formed by the epillielial lining 
of the ventricle, which is prolonged doAvinvards as a thin membrane (memhrmui 
tectoria), from tlie deep surfac^e of the inferior medullary velum to the 
corresponding surface of the obex and ligulaj, and thence on to the llooi' of the 
ventricular cavity. It is covered and strengthened by a portion of the pia 
mater, which is named the tela chorioidea ventrieuli quurli. 

The UguloR are two narrow bands of white matter, one on either side, which 
complete the lower part of tlie roof of tl)(> ventricle. Each consists of an inner 
vertical and an outer liorizontal 2 )art. Tlie vertical part is continuous below 
the obex, and is adlierent by its outer border to the elava: the horizontal 
])ortion extends transversely outwards across the restiform body, below the 
stria? acustierc, and roofs in the lower and posterior ^jart of tlie lateral rcfiess. 
It is attached by its lower margin to the restiform body, and jiartly encloses the 
clioroid plexus, wliich, liowever, i^rojeets b(\yond it like a cluster of grapes ; 
and hence this jiart of the ligula has been termed the corH?^copm (Bochdalek). 
The obex is a thin, triangular, grey lamina, wliich roofs in the lower angle of 
the ventricle and is attached by its lateral margins to the elava*.* 'Phe 
tela, chorioidea veniricvli qmrti is the name applied to the triangular fold of 
pia mater which is carried uj)wai*ds betwi'cn the eerebidlum and the medulla 
oblongata. It consists of two layers, which arc continuous with each other in 
front, and arc more or less adherent throughout. Tlie posterior layer covers 
the antero-inferior surface of the cerebellum, rvhile the ant(>rior is applied to 
the structures Avhieh form the lower part, of the roof of the ventricle, and is 
continuous inferiorly with the pia mater on the restiform bodies and closed jiart 
of the medulla. 

Choroid plexuses. —These consist of two highly vascular inflexions of the 
tela chorioidea inferior, which invaginatc the lower jiart of the roof of the 
ventricle. Each consists of a vertical and a horizontal portion : the former 
lies close to the middle line, and the latter passes into tin* lateral recess ami 
2 >rojects beyond its apex ; they arc every where covered by the ipithclial lining 
of the v^entricle. The vertical parts of the plexuses are distinct from each otlier. 
but the horizontal portions an* joined in the middle line ; and hence the entire 
structure presents the form of the h'tter T, the vcrticial limb of which, however, 
is double. 

Openings in the roof. —In tin* roof of the fourth ventricle there are three 
openings in the pia mater and subjacent epithelium : one of these, i\wforamen 
of Mnjendie, is situated in the middle line immediately above the inferior angle 
of the ventricle ; the other t wo ( t'oramitm of Luschka, or foramina of Key and 
Jielzim) are found at the extremities of the lateral recesses. By means of 
these tlir<*e foramina the cavity of the ventricle (rommunicates Avith the 
subarachnoid sjtace, and the ceri^bro-spinal fluid can jiass from the A*cntricle 
into this space, or vice verm. 

Floor or ventral Avail (tig. 710).—This is rhornboidal ia shape, its upper 
portion being formed by the dorsal surface of the pons Varolii, and its loAvcr 
by the corresponding surface of the o]»en jiart of the medulla oblongata. It is 
covered by a layer of gr(*y matter continuous Avith the gi-ey matter of the 
spinal cord ; superficial to this is a thin lamina of neuroglia, which constitut(*8 
the ejiendyma of the ventricle and supports a layer of ciliated epithelium. It 
is traversed by a median suUms, Avhich divides it into symmetrical halves, and 
it is crossed at the level of the lateral recesses by a number of white strands, 
named the strier, acusticoe. These form a portion of the cochlear division of the 
auditory nerve, and vary greatly in dilTerent brains as to their direction and 
prominence ; they sAveep round the outer aspect of the restiform body, extend 
iuAV'ards on the floor of the ventricle, and disapjiear by passing into the median 

• J. T. Wilson, np. ell., recop:nises two forms of obox: (a) the true obex, constituted by a 
medollary thickening of the roof jilato, and (b) a/alxe or vmnbrn,nnv» obex where the medullary 
thickening fails to take place, and Ai’herc the roof jdatc is represented only by the ependymal 
Invor flnthinir the ventral surface of a pial reduplication which forms the main substance of 
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sulcus. Tlioy divide the floor into two triangular areas, an upper and a lower, 
which correspond, approximately, to the portions of the floor which are formed 
by tlie back of tlie pons and medulla resp(H;tivcly. 

Below the striae acnisticae, at a short distance from the median sulcus, on 
either side, is a small triangular dcpri'ssion, the inferior fovea, the apex of 
which is directed uj)wards, while its sides are ])rolonged downwards as divergent 
furrows. 'I’lie inner of these furrows is cariicd tOAvards the lower angle of the 
A'cntriele, the outer toAvards its lat eral A\'all; and in tliis manner three small tri¬ 
angular areas are marked off on either side of the middle line. That which lies 
betAA'cen the diverging furroAVS of the foA’^ea is darker in colour than the other 
tAvo. and is named the ala cinerea or irigoivum vagi ; it coiTcsponds Avith the 
position of the sensory nuclei <»f the vagus and glosso-pharyngeal nerves. The 
base of the trigonum vagi is crossed by a narroAA' translucent elev^ation named 
the fnnieiilus wparatui, betAveen AA'hieh and the clava is a small tongue-shaped 
area, tlu' area postrema. On seedion, it is seen that the funiculus separans 
is formed by a strip of thickened ependj'ina, and that the area postrema is 


Fio. 710.—Floor of fourth ventricle. 
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occupied by a Idbsc highly vascular myelospongium, and contains neurons of 
a moderate size. The area Avhich lies between the inner limb of the fovea 
and the median sulcus is termed the trigonmn hypoglossi ; its base, directed 
upAvards, is continuous Avith an elevation, the emineiilia feres,. Avhich lies above 
the stria; acustica;; its apex forms A\ith that of the opposite side a pointed 
elevation, the calamus scriptorius. When examined under Avater Avith a lens, the 
trigonum vagi is seen to consist of a mesial and a lateral area separated from 
one another by a series of oblique furrow's ; the mesial area corresponds w'ith 
the ventricular part of the nucleus of (he hypoglossal nerve, the lateral w'ith 
a small-celled nucleus, the nucleus intercaUiltis, The third area, that on the 
outer side of the fovea inferior, is named the trigonum acusticum, and 
corresponds AA'ith one of the chief nuclei of the auditory nerve. Its base; 
is directed upw'ards, and is continuous with a larger eminence, termed tlie 
eminentia or area acustica, w'hich is crossed by the striae acusticae. 

In each half of that part of the floor of the ventricle w'hich lies above the 
striae acusticae, a small depression, the superior fovea, is seen. Between it and 
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the median sulcus is an elongated eminence, the emimnlia teres, which overlies 
the nucleus of the sixth nerve, and is, in part at least, j)roduced by the ascending 
portion of the root of the seventh nerve. This eminence becomes less distinct 
above, while below it is continuous with the trigonum hypoglossi. Outside the 
superior fovea is the prominence of the area acustica (already referred to) ; and 
above it is a bluish, depressed spot, the locus emruleus, whiclv owes its colour 
to an underlying patch of deeply pigmented nerve-cells, termed the substantia 
ferruginosa, in which a part of tlie sensory root of the fifth nerve terminates. 


THE MID-BRAIN 


• The mid-brain, or mesencephalon (fig. 711), isthcshoit, constricted portion 
which comiects the pons Varolii and cerebellum with the thalaincncephalon and 
cgrebral hemispheres. It is dirocttul upwards and forwards, and consists of; 
(1) a ventro-lateral portion, composed of a pair of cylindricjal bodies, named 
the cruxUi JiP'cbri ; f2) a dorsal portion, consisting of four rounded eminences, 
named the corpora ; and (3) an intervening passage or tunnel, the 

aqueduct of Sylvius, wliich rcpi-escnts the original cavity of tlio mid-brain and 
coniKicts the third with the fourth ventricle. 

Thexcuca-cerebri (peduuculi cerebri) arc two cylindricsil masses sit uattd at 
the base o£ the brain, and largely hidden by tlio temporal lobes of tlie cen'brum, 

wliich must be drawn aside or 


Fig. 711.—Corjwra quadrigetnina and coi |X)ra 
geniciilata. (Testut.) 
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removed in ordiT to expose 
them. They emerge from the 
uppci' surface of ..the pons 
V' arolii . one on cither side of 
tile middle line, and, diverging 
as they pass upwaids and 
forwards, disaj)])ear into the 
substance of the cerebral bemi- 
splieres. Tlie depressed area 
Iietwecn the <!rura is termed 
tile locus per/oratus posticus or 
fossa irUerjiidMmvkixis, and 
consists of a layer of greyisli 
matter (substantia ])erforata 
posterior) which is pierced by 
numerous small apertures for 
the transmission of blood- 
V(‘ssels. Its lowt'r part lies on 
the veiitnd aspect of tiic mesial 
portions of the tegmenta, and 
contains a nucleus named tiic 
ganglion interpedunculare (page 
840) ; its uppm- part assists in 
forming the floor of the tliird 
ventricle. Thh ventral surface 
of each crus is crossed from 
within outwards by the superior 
cerebellar and posterior cerebral 
arteries ; its lateral surface is in 
relation to the uncinate convolu¬ 


tion of the cerebral hemisphere 
and is crossed from behind forwaids by the fourth nerve. Close to its point of 
disappearance into the cerebral iicmisphcre, the optic tract winds forwards 
around its ventu>-liit<jral surface. Tlic inner surface of the crus forms the 


lateral boundary «»i t.iio posterior part of a space known as the interpedun¬ 
cular space, and is marked by a longitudinal furrow, the octdo-motor sulcus, from 
which the roots of the third or oculo-motor nerve emerge. On the outer 
surface of each crus there is a second longitudinal furrow, termed the sulcsis 
lateralis, which is prolonged downwards between the superior' and middle 
cerebellar peduncles. The fibres of the lateral fillet come to the surface in 
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this sulcus, and pass backwards and upwards, to disappear under the lower 
quadrigeminal body. 

Structure of the crura cerebri (figs. 713,714).—On transverse section, each 
crus is seen to consist of a dorsal 

and a ventral part, separated by a Fio. 712.—^Vertical tranaverso aection through 
deeply pigmented lamina of grey mid-brain. (Sohematio.) (Testut.) 

matter, termed the svhstantia 
nigra. The dorsal part is named 
the tegmentum-, the ventral, the 
ermta or pes ; the two crustse are 
separated from each other, but 
the tegmenta are join«‘d in the 
mesial plane by a forward pro¬ 
longation of the raphe of the pons 
Varolii. Laterally, the tegmenta 
are free, and are constituted by 
the fibres of the lateral fillet.; 
dorsaUy, tliey blend witli the 
cor]X)ra quadrigemina. 

The crusta, or pes (basis 
pedqj^e.iili^ is semilunar on trans¬ 
verse section, and consists almost 
entirely of longitudinal bundles 
of ('ffenuit fibres, which arise 
from (he cells of the cerebral 
cortex and are grouped into three 
principal sets, viz. pyramidal, 
geniculate, and cortico-pontine 
(fig. 712). The pyramidal fibres 
occupy the middle three-fifths of 
the crusta, and are continued 
downwards through llu' ]»ons iiito 
the p^Tamid of the rnechilla. The 
gnnculate fibres—so named be¬ 
cause they are situated in the 

knee-sha])ed bend of the internal capsule—occupy the inner fifth of the 
crusta, and terminate, after decussating with the corresponding fibres of the 

l'’i<5. 713.—^Transverse section of inid-brain at level of inferior quadrigeminal bodies. 
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other side, in the motor nuclei of the cranial nerves. The cortico-pontine fibres 
terminate below.in the nuclei pontis, and consist of anterior and posterior 
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groups. The fibres of the posterior group arise in the temporal and occipital 
lobes, and occupy the outer fifth of the crusta; while those of the anterior 
group take origin in the frontal lobe, and are disseminated among, the 
pyramidal and geniculate fibres. On the dorsal aspect of the <!ortieo-pontine 
fibres a strand of the mesial fillet passes up in the crusta.* 

The substantia nigfra is a layer of grey matter containing numerous deeply 
pigmented, raulti})olar nerve-cells. Like the crusta, it is semilunar on trans¬ 
verse section, its concavity being directed towards the tegmentum ; from its 
convex aspect, prolongations exltuid downwards between the fibres of the 
crusta. Tliicker internally than externally, it reaches from the oculo-motor 
sulcus to the lateral sulcus, and extends from the upper surface of the pons 
to the subthalamic region ; its inner part is traversed by the fibres of the third 
nerve as these stream forwards to reach the oculo-motor sulcus. The coimec- 
tions of the substantia nigra have not been definitely established. 

The teg’mentum is continuous below with the reticular formation of the 
pons, and, like it, consists of longitudinal and transverse fibres, together with 
a considerable amount of grey matter. The principal grey massevs of the 

Fia. 714 .—Transverse section of mid-brain at level of superior quadrigeminal bodies. 
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tegmentum are the red nucleus and the ganglion interpcduncularc; of its 
fibres the chief longitudinal tracts are the superior c€*rebellar peduncle, the 
posterior longitudinal fasciculus, and the fillet. 

Grey matter .—The red nucleus (nucleus ruber) is situated in the anterior 
part of the tegmentum, and is continued upwards into the posterior part of 
the subthalamic region. In sections at the level of the upper quadrigeminal 
body it appears as a circulai’ mass which is trav('jsed by the fibres of the third 
nerve. Most of the fibres of the.superior cerebellar peduncle terminate in it 
(page 831), The axons of its larger cells cross the middle line and are continued 
downwards into the lateral column of the spinal cord as the rubrospinal tract 
or tract of Monakow; those of its smaller cells end mainly in the thalamus. 

The ganglion interpedunculare is a median eolh^ction of nerve cells situated 
in the ventral i)art of the tegmentum. The fibres of the fasciculus retroflexus 
of Meynert, which have their origin in the cells of the ganglion habenulae 
(page 849), end in it. 

Resides the two nuclei mentioned, there are small collections of cells which 
form the dorsal and ventral nuclei'and the central nucleus or nucleus of the 
raphe. 

• A band of fibres, the travtus pedunewlaris transvirsns, is sometimes seen emerging from in 
front of the npiier <iuadrigeiuinal body ; it passes round the ventral aspect of the crus about 
midway between the pons and the optic tract, and dips into the oculomotor sulcus. This band 
is a constant^structure in many mammals, but is only present in about thirty per cent, of human 
biUns. Since it undergoes atrophy after enucleation of the eyeballs, it may be considered as 
forming a path for visual sensations. 
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While matter. —(1) Tlie origin and course of the superior cerebellar peduncle 
Ijave already been described (page 830). 

(2) The. dorsal or posterior Unigitudinal Jaecic,ulus {\\g. 715) is continuous below 
with the antero-lateral ground-Wndle of the spinal cord ; and has been traced 
by Edingeras far as a imeleofi.the nucleus of the posterior longitudinal fasciculus, 
situated in the hypotlialanaus, imnu'diately in front of the aqueduct of Sylvius. 
In the medulla oblongata and pons, it runs close to the middle line, near the floor 
of Hie fourth ventricle ; in the mid-brain, it is situated on the ventral aspect 
of the Sylvian aqueduct, below the nuclei of the third and fourth lUirves. Its 
connections are imperfectly known, bul- it consists largely of ascending and 
descending interscgmental or association flbres, which tjonnoet the various 
nuclei of the mid- and hind-brains to each other. Many of the descending 

Fin. 715.—Scheme of the jKisterior longitudinal fuseiciihis; motor filires in red, 

sensory, in blue. 




fibres arise in the superior quadrigeminal body, and, after decussating in the 
middle line, terminate in the motor nuclei of the pons and medulla. The 
ascending fibres arise from the cells of the grey matter of-the upper part of the 
cord, and from the nuclei in the medulla and pons, and pass, without undergoing 
decussation, to the higher nuclei. Fibres are also carried through the posterior 
longitudinal fasciculus from the nucleus of the sixth nerve into the third nerve 
of the opposite side, and through this nerve to the Internal rectus of the eyeball. 
Again, fibres are said to be prolonged through this fasciculus from the nucleus 
of the third nerve into the seventh nerve, and are distributed to the Orbicularis 
palpebrarum, the Corrugator supercilii, and the Oocipito-frontalis.* 

* A. Bruco andJ. H. Harvey Firric, ‘ On the Origin of the Facial Nerve,’ lleeii-w of NeiiTohujij 
md PgyoMntry, vol. vi. No. 12, December 1908, produce weighty evidence against the view that 
the facial nerve derives fibres from the nucleus of the third nerve. 
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(3) The fillet ov lemniscus (fig. 716).—^The fibres of the fillet have been seen to 
take origin in the gracilo and cuneatc nuclei of the medulla oblongata, and to 
cross to the opposite side in the sensory decussation (page 816). They then pass 
upwards through the medulla, in which they are situated behind the pyramidal 
fibres and between the olivary bodies. Here they are joined by the fibres 
of Gowers’ ascending tract, these having already undergone decussation in the 
spinal cord. As the fillet ascends, it receives additional fibres from the 
terminal nuclei of'the sensory nerves of the opposite side. In the pons, it 
assumes a flattened, ribbon-like a()fM»arance, and is placed on the dorsal aspect 
of the trapezium. In the mid-brain, its outer part is folded backwards and 

Fia. 716.—Scheme showing the coiuse of tho fibres of th^Ilct; 
mesial fillet in blue, lateral fillet in red. 



forms nearly a right angle with its mesial portion ; and hence it is customary 
to speak of the fillet as consisting of lateral and mesial parts. 

’I’he lateral fillet (lemniscus lateralis) has been seen to come to the surface of 
the nfid-bi-ain along its lateral sulcus, and to disappear under the uiferior 
quadrigeminal body. It consists of fibres which are derived from the terminal 
nuclei of the cochlear division of the auditory nerve, together with others which 
Arise within tho superior olive and the trapezoid nucleus. Most of these 
fibres arc crossed, but some are uncrossed. Many of them pass to the inferior 
quadrigeminal body of the same or opposite side; but others are prolonged 
to the thalamus, and thence through the posterior part of the internal capsule 
to the middle and superior temporal convolutions. 
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The mesial fillet (lemniscus medialis) comprises that portion of the fillet 
which commences in the gi’acile and cuneate nuclei of the opjwsite side, and 
which is joined by Gowers’ tract and by fibres from the termintd nuclei of 
the sensory nerves of the opposite side, excepting the cochlear division of tlie 
auditory. In the crus cerebri, a few of its fibres pass upwards in the wter 
part of the pes or crusta, on the dorsal aspect of the cortico-jiontine fibres, 
and reach the lenticular nucleus and the island of Reil. The greater })art of 
the mesial fillet, on the other hand, is prolonged through the togmcntum. 
and most of its fibres end in the thalamus ; probably some are continue 
directly throuuli tlic posterior part of the internal capsule to tlie ccre^bral 
cortex. Frorri the cells of the thalamus a relay of fibres is prolonged to 

the cei'cbral cortex. . . .1 

Besides those three tracts, there are the tecto-simuil tract from the upper 
quadrigeminal body and the rvJbro-sjnval tract from the red nucleus ; these tracts 
cross the middle liru^ and are continued downwards into the spiinu 

Tin; corpora quadrigemina are four rounded eminences which form the 
dorsal part of t-ho mid-brain. They are situated above and infront of theval\e 
of A^iemssens and superior pedu rubles of the cerebellum, and below and beruna the 
third v(*niricle and posterior commissure. 7 liey covered by the splenuim of 
the corjius callosum, and arc partly ovcrlapiu'd on either side by the inner angle, 
or pulvinar, of the |)osterior end of the thalamus; on their lateral aspect, 
under cover of the pulvinar, is an oval eniineiice, named the internal genicvltUe 
body. The- (iornora quadrigetnina arc*, arranged in pairs (upper and lower), and 
ar<‘ separated from one another by a crucial sulcus. The longitudinal jiart of 
this sulcus expands sui)eriorly to form a sliglit depression wliieli Biq»porls the 
pineal body, a coiu'-like structure v\'hich jirojecls biiekwards from tlu^^thalam- 
enccjihaloii and partly obscures the upper (luadrigeminal bodi(>s. From the 
lower end of tlu! longitudinal sulcus, a white band, t(u-iiu‘d tin;, fra-nnlnm vch, 
is prolonged downwards to llu) valve of ^ ieussens ; on citlier side of this band 
the fourth (jrariial nerve emerges, and ])ass(‘s forwards on iJic- lateral aspect of 
the (!rus to reach tlie base of the brain. The upper pair (eollieiili siipenores) 
are larger and daikor in colour than tlic low(*r, and arc oval in shape. The 
lower jxtir (colliculi inferioivs) arc liemisjilicriea]. and somewhat more piO" 
minciit than th(^ ujipcr. The upper quadrigeminal bodies are a.ssociated with 
the souse of sight, the lower with that of hearing, l^roni th(‘ lateral aspect of 
each of the four bodies, a wdiite band, tei nied the brachium, is prolonged upwards 
and forwards. The superior brurkimii (brachium quadrigeminum superius) 
extends outwards from the upjier quadrigeminal body, and, passing between 
the jiulvinar and internal geniculate body, is partly continued into an 
eminence i;alled the external geniculate body, and partly into the outer 
portion of the optic tract. TJic inferior brachium (brachium quadrigeminum 
inferius) passes forwards and upwaids from the lovvei' quadrigeminal body, and 
disappears under cover of the internal geniculate body. 

Ill close relationship wdth tlic eoriiora quadrigemina are the supertor 
peduncles of the cerebellum, which emerge from the upjior and mesial part of the 
cerebellar liomisplieres. They run upwards and forwards, and, passing undci 
the corpora quadrigemina, enter the tegmenta aij already dosoribed (page 830). 

Structure of the corpora quadrigemina.— The lower quadrigeminal 
body eonsists of a compact nucleus of grey matter containing large and small 
multipolar nerve-cells, and more or less completely surrounded by white fibres 
derived from the lateral fillet. Most of these fibri's end in the grey nucleus of 
the same side, but some cross the middle line and tferminate in that of the 
opposite side. From the cells of the grey nucleus, fibres are prolonged through 
the inferior brachium into the tegmentum of the crus cerebri, and are carried 
to the optic thalamus and the cortex of the temporal lobe ; other fibres cross 
the middle lino and end in the o]iposite quadrigeminal body. 

The upper quadrigeminal body is covered by a thin stratum of white fibres, 
termed the stratum zonale, the majority of whose fibres are derived from the 
optic tract. Beneath this is the stratum cinereum, a layer of grey matter winch 
resembles a cap : it is semilunar in Hha|:)c, thickci' in the centre than at the 
margins, and consists of numerous multipolar nerve-cells, for llie most ]>art 
of small size, imbedded in a fine network of nerve-fibres. Still deeper is tJie 
stratum opticum, which contains large multipolar nerve-cells, separatea by 
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numerous fine jiorve-fibres. Finally, there is the stratum lemnisci, which consists 
of fibres derived partly from the fillet and partly from the cells of the stratum 
optKium ; interspersed among these fibres are many large multipolar nerve- 
cells. The two last-named strata are sometimes termed the grey-white, layers, 
from the fiict that they consist of both grey and white matter. ()f the afferent 
fibres which reach the superior quadrigeminal body, some are derived from the 
fillet, but the majority have theii' origin in the retina and are conveyed to it 
through the suj)erior brachium ; all of them terminate by arborising around the 
cells of the grey matter. Of the fibres which arise from the cells of the grey 
matter, some cross the middle line to tlie opposite (quadrigeminal body ; many 
ascend tlirougli thci superior brtwhium, anci finally reaeli the cortex of the 
occipital lobe of the cerebrum ; while others, after undergoing decussation (the 
fountain decussation of Meyncrt) form the teclo-spinal tract uiiich descends 
through the formatio reticularis of the mid-brain, pons, and medulla into 
the spinal cord, where it is found partly in the anterior column and partly 
intermingled with the fibres of the rubro-spinal tract. 

The corpora quadrigemina are larger in the lower animals than in man. In 
fishes, reptiles, and birds, they are hollow, and only two in number (cotpora 
bigemina) ; tliey represent tlie superior (quadrigeminals of mammals, and are 
frecquently termed the optic lobes, because of their intimate connection with the 
optic tracts. 

The aqueduct of Sylvius (aqua-duetus cerebri) is a narrow canal, 
about fifteen millimetres in length, situated between tlie corpora quadrigimiina 
and tegmenta, and connecting tlie third witli the fourtli ventricle. Its shape, 
as S(!en in transverse sections, varies at different levc'ls, being T-shaped below, 
triangular above, and oval in the niiddb;. The central part is slightly dilated, 
and was named by Retzius tho ventricle of the. mid-brain. It is lined by ciliatetl 
columnar epithelium, and is surrounded by a layer of grey matter named the 
central grey matter (stratum griseum centrale) of tlu^ aqueduct: this is continuous 
below witli th(5 grey substance' in the* floor of th(' fourth v('ntriele, and above 
with that of the third ventricle. Dorsally, it is jiartly separated from the 
grey matter of the quadrigeminal bodies by the fibres of the lemniscus ; ventral 
to it are the postiwior longitudinal fasciculus, and the formatio reticularis 
of the tegmentum. Scattered throughout its grey matter are numerous 
nerve-cells of various sizes, interlaced by a network of fine fibres. Besides 
these scattered cells it contains three groups which constitute the nuclei of 
the third and fourth nerves, and the nucleus of the Sylvian or mesencephalic 
root of the fifth nerve. The nucleus of the fifth nerve extends along the (mtire 
length of the aqueduct, and occupies the outer part of the grey substance, 
M'liilc those of the third and fourth are situated in its ventral p.art. The 
nucleus of the, third nerve measures about t('n millinu'tres in length, and lies under 
the upper quadrigeminal body, beyond which, however, it extends for a short 
distance into the grey matter of the third ventricle. The nucle.us of the, fotirth 
nerve is small and nearly circular, and is on a level with a jdane carried 
transversely through the upper part of the lower quadrigeminal body. 


THE FORE-BRAIN 

The fore-brain consists of: (1) the. Mcnciijihalon or interrbradn, which 
corresponds in a large measure to the tliird ventricle and the structures which 
bound it; and (2) ihiiJt:k,uc£}lkalon, which comprises the largest part of the 
brain, viz. the cerebral hemispheres; these hemispheres are intimately 
connected with each other across the middle line, and each, contains a large 
cavity, named the lateral ventruJe. The lateral ventricles communicate 
through the toramen of Monro Avith the third ventricle, but are separated 
from each otlu'r by a mesial septum ; this contains a slit-like cavity, the so- 
called fifth ventricle, which, however, has no communication with the other 
brain ventricles. 

The DiENCErTiAnoN 

Tlie dUencephalon oi- inter-brain is connected above and in front with 
the cerebral hemispheres; behind with the raid-brain. Its upper surface 
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is concealed by tlie corpus callosum, and is covered by a fold of pia mater, named 
the velum intei 3 )ositum ; inferiorly it reaches to the base of the brain. 

The diencepHalon comprises : (1) the thalaraencephalon : (2) the pars 
mamillaria hypothalami; and (3) the posterior part of the third ventricle. 
For descriptive purposes, however, it is more convenient to consider tlie 
■whole of the third ventricle and its boundaries together : this necessitates the 
inclusion, under this lieading, of tJie pars ojitica liyjiothalami and the 
corresponding part of the third ventricle—structures which properly belong 
t o the telencephalon. 

The thalamencephalon consists of ; (1) the thalamus : (2) the meta- 
tlialamus or corpora geniculata ; and (3) the ephhalamus, whicli comprises 
the trigonum habenula?, the pineal body, and the ])osterior commissure. 


Pkj. 717.—The tliird and fourth ventricles. 



I’he lower arrow has been idaced in the aqueduct of Sylvius; the upper points to the 

foramen of Monio. 

The thalami or optic thalami (figs. 717, 718) are two large ovoid niasses, 
situated one on either side of the third ventriede and reaching for some distance 
btfhind that cavity. Each measures about jin inch and a half in length, and 
presents two extremities, an anterior and jiostcrior, and four surfaces, superior, 
inferior, internal, and external. 

The arUerior extremity is narrow, directed forwards and inw'ards, and lies 
close to the middle line, wdiere it forms the posterior boundary of the foramen 
of Monro. 

The posterior extremity is expanded, directed backwards and out^^•ards, 
and overlaps the superior quadrigeminal body. Internally, it presents a 
well-marked angular prominence, the posterior tubercle, or pulvinar, u'hich 
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is continued externally into an oval swelling, the exteriml geniculate body, 
while b('neath the pulvinar, but separated by the superior brachium, is a 
second oval swelling, the internal gmicvlate body. 

The silperior surface is free, slightly coJivox, and covered by a layer of 
white matter, termed the stratum zomtlr. It is separated externally from 
the caudate nucleus by a white band named the twnia semicircularis, and by 
the vein of the corpus striatum. It is divided into an inner and an ouUw portion 
by an oblique shallow furrow whicli rmis from behind ft)rwards and inward.s 
and (iom‘Si)onds with the outer margin of the fornix. The part on (,he outer 
side* of the furro>v forms a portion of the floor of the lateral ventricle, and is 
covered by the epithelial lining of this cavity. The y)art on the inner side 
is covered by the velum niterj)o,situm, and excluded from the lateral and 


Fu!. 718.—Coronal section of brain immediately in front of pons. 
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third ventricles, and is therefore destitute of an epithelial covering. In front, 
it is separated from the internal surface by a salient margin in which are 
contained the fibres of the stria pinealis, and along which the epithelial 
lining of the third ventricle is reflected on to the under surface of the velum 
interpositum. Behind, it is limited internally by a groove, the sulcus 
habenulce, which intervenes between it and a small triangular area, termed 
the trigonum habenulae. 

The inferior surface rests upon and is continuous with the upward 
prolongation of the tegmentum {subthalamic tegmerUal region),in. front of which 
it is related to the substantia innaminata of Meynert. 

The internal surface constitutes the upper part of the lateral wall of the 
third ventricle, and is connected to the corresponding surface of the opposite 
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thalamus by a flattened, grey band, tlie middle or grey commissure. This com¬ 
missure averages about one-third of an inch in its antcro-postcrior diameter : 
it sometimes consists of two parts and occasionally is absent. It contains 
nerve-cells and nerve-fibres : a few of tlie latter may cross the middle line, 
but most of them pass towards the middle line and then curve outwards on 
the same side. 

1’lie ejcternal surface is in contact with a thick band of white matter which 
forms the posterior limb of the internal ca.j)8ulc and separates the thalamus 
from the lenticular nucleus of the corpus striatum. 

Structure.—^The thalamus consists chiefly of grey matter, but its upper 
surface is covered by a layer of white matter, named the stratum zonale. and 
its outer surface by a similar layer termed tlie eternal medullary lamina. 

Fia. 719.—Coronal section of brain through middle commissure. 
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Its grey matter is partially subdivided into tliree parts—anterior, inner and 
outer—-by a white layer, the internal medullary lamina. The anterior 
part comprises the anterior tuberchs, the inner part lies next the lateral wall 
of the third ventricle, while the outer and largest part is interposed between 
the internal and external medullary laminae and includes the pulvinar. The 
outer part is traversed by numerous fibres which radiate from the thalamus 
into the internal capsule, and pass tlirough the latter to the cerebral cortex. 
These three parts are built up of numerous nuclei, the connections of many 
of which are imperfectly known. 

Connections. —^The thalamus may be regarded as a large ganglionic 
mass in which the ascending tracts of the tegmentum and a considerable 
proportion of the fibres of the optic tract end, and from the cells of which 
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numerous fibres (thalamo-cortieal) take origiii, and radiate to almost every 
part of the cerebral cortex. The fillet, together with the other longitudinal 
strands of the tegmentum,enters its ventral part: the bundle of Vicq d’Azyr, 
from the corpus albicans, ends in its anterior tubende, wliile many of the 
fibres of the optic tract terminate in its posterior extremity. The thalamus 
also receives numerous fibres (cortico-thalamic) from the cells of the cerebral 
cortex. I’hc fibres whicli arise from tlic cells of the thalamus form four 
principal groups or stalks : (a) those of the anterior stalk pass through the 
anterior limb of the internal capsule to the frontal lobe; (6) the fibres of 
the posterior stalk or optic radiations arise in the pulvinar and are conveyed 
through the extreme posterior j)art of the internal capsule to the occipital 
lobe ; (c) the fibres of the inferior stalk leave the under and mesial surfaces 
of the thalamus, and pass outwards beneath the lenticular nucleus to end 
in the temporal lobe and island of Reil; (d) those of the parietal stalk pass 
from the outer nucleus of the thalamus to the parietal lobe. Fibres also extend 
from the thalamus into the corpus striatum—those destined for the caudate 


I’lG. 720.—Postero-lateral view of the hind- and inld-brains. 
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nucleus leave the outer surface, and those for the lenticular nucleus, the inferior 
surface of the thalamus. 

The metathalamus (fig. 720) comprises the corpora geniculata, which are 
tw'O in number—an internal and an (fxternal—on each side and have already 
been referred to in connection with the posterior extremity of the thalamus. 

The internal genicvlaU’ body (coj’j>us geniculaturn mediale) lies undercover of the 
pulvinar of the thalamus and on the lateral aspect of the (iorpora quadrigemina. 
Oval in shape, with its long axis directed forwards and outwards, it is lighter 
in colour and smaller in size than the external. The inferior brachium from 
the low('r quadrigeminal body disappears under cover of it, while from its outer 
extremity a strand of fibres passes to join the optic tracd. Entering it arc 
many acoustic fibres from the lateral fillet. The internsil geniculate bodies 
are connected with one another by the commissure of Cudden, which passes 
through the posterior part of the optic commissure. 

The external geniculate body (corpus geniculaturn laterale). forms an oval 
elevation on the outer part of the posterior extremity of the thalamus, and 
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is connected internally with the upper quadrigeminal body by the superior 
brachium. It is of a dark colour, and presents a laminated arrangement 
consisting of alternate layers of grey and white matter. It receives numerous 
fibres from the optic tract, while other fibres of this tract pass over or through it 
into the pulvinar. Its cells are large and pigmented ; their axons pass to the 
visual area in tlie occipital part of the cerebral cortex. 

The upper quadrigeminal body, the pulvinar and the external geniculate 
body receive many fibres from the optic tracts, and are therefore intimately 
connected with sight, constituting what are termed the lower visvul centres. 
Extirpation of the eyes in newly born animals entails an arrest of the develop¬ 
ment of these centres, but has no effect on the internal geniculate or lower 
quadrigeminal bodies. Moreover, the latter are well-developed in tlie mole, 
an animal in which the upper quadrigeminal body is rudimentary. 

The epithalamus comprises the trigonum habenulae, the pineal body, 
and the posterior commissure. 

The trigonum, h(d)enidce is a small depressed triangular area situated in front 
of the upper quadrigeminal body and on the lateral aspect of the posterior 
part of the stria pincalis. It contains a group of nerve-ceUs termed the ganglion 
habenulm. Fibres enter it from the stria pincalis, and others, forming what 
is ternuid the 'superior commissure (<!Oinrnissura habctiularum), pass across 
the middle line to the coriesj)onding ganghon of the opposite side. Most of 
its fibres arc, however, directed downw'ards and form a bumlle, the fasciculus 
retrojhxus of Meynert., which passes on the mesial side of tlie red nucleus, and, 
after decussating with the corresponding fascic.ulus of the opposite side, 
ends in the ganglion interpedunculare. 

The pineal body (corpus pineah*) is a small, conical, reddish-grey body 
which lies in the deiuession between the upper quadrigeminal bodies. It is 
placed beneath the splcnium of the corpus callosum, but is separated from this 
by the velum interpositum, the low'cr layer of which envelops it. It measures 
about one-third of an inch in length, and its base, directed forwards, is attached 
by a stalk or peduncle of wiiite matter. The stalk of the pineal body divides 
anteriorly into two laminsc, a dorsal and a ventral, separated from one another 
by the recessus pincalis of the third ventricle. The ventral lamina is con¬ 
tinuous with the posterior commissure ; the dorsal lamina is continuous w'ith 
the (iommissura habenularum and divides into tw^o strands, named the striaj 
modullaros, which run forwards, one on either side, along the junction of the 
mesial and upper surfaces of the thalamus to blend in front with tlie anterior 
pillars of the fornix. 

Structure .—The pineal body is destitute of nervous matter, and consists 
of follicles lined by epithelium and enveloped by connective tissue. These 
follicles contain a variable quantity of gritty material named brain sand, 
composed of phosphate and carbonate of calcium, pliosphate of magnesia 
and ammonia, and a little animal matter. 

The pinoal body is generally believed to be tlie homologue of the pineal eye of lizards. 
In these animals it is attached by an elongated stalk and projects through an aperture 
in the roof of the cranium. Its extremity lies immediately under the epidermis, and, 
on microscopic examination, presents in a rudimentary fashion structu^s similar to those 
found in the eyeball. Recent observations tend to the conclusion that the pineal body 
arises as a paired structure, probably serially homologous with the paired eyes. 

The posterior commissure (commissura posterior) is a rounded band of 
white fibres which stretches across the middle line on the dorsal aspect of the 
upper end of the Sylvian aqueduct. Its fibres acjquire their medullary sheaths 
early, but their connections have not been definitely determined. Most of them 
have their origin in a nucleus, the mtcleus of the posterior commissure or nucleus 
of Darkschewitsch, which lies in the central grey matter of the upper end of 
the Sylvian aqu^uct, in front of the nucleus of the third nerve. Some 
are probably derived from the posterior part of the thalamus and the 
superior quadrigeminal body, while others are believed to be continued 
downwards into the posterior longitudinal bundle. 

The hypothalamus (fig. 721) includes the subthalamic tegmental region 
and the structures which form the greater part of the floor of the third 
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ventricle, viz. the corpora mamillaria, tuber cincreum, infundibulum, pituitary 
body, and optic commissure. 

The subthdlamic tegmental region consists of the upward continuation of 
the tegmentum, which lies on the ventro-lateral aspect of the thalamus and 
separates it from the fibres of the internal capsule. The red nucleus and the 
substantia nigra are prolonged into its lower part; in front it is continuous 
with the substantia innominata of Meyncrt, internally with the grey matter 
of the floor of the third ventricle. 

It consists from above downwards of throe strata : (1) stratum dorsale, 
directly applied to the under surface of thc! thalamus and consisting of fine 
longitudinal fibres ; (2) zotui incerta, a continuation forwards of the formatio 
reticularis of tlie tegmentum ; and (3) the corpus subtluilamicum or nucleus 
of Luys, a brownish mass presenting a lenticular shape on transverse section, 
and situat(‘d on the dorsal asiwct of the fibres of the crusta ; it is cncai)suled 

Flo. 721.—Mesial sagittal section of brain. The relations of the pia mater are 
indicated by the red colour. 
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by a lamina of nerve-fibres and contains numerous medium-sized nerve-cells 
the connections of which are as yet not fully determined. 

The corpora mamillaria are two round white masses, each about the 
size of a small pea, which lie side by side below the grey matter of the 
floor of the third ventricle in front of the locus perforatus posticus. They 
consist of white matter externally and of grey matter internally, the cells of 
the latter forming two nuclei, a mesial of smaller and a lateral of larger cells. 
The white matter is mainly formed by the fibres of the anterior pillars of the 
fornix, which descend to the base of the brain and end partly in the corpora 
mamillaria. From the cells of the grey matter of each mamillaiy body 
two fasciculi arise; one, the bundle of Vicq d’Azyr, passes upwards into the 
anterior nucleus of the thalamus; the other is directed downwards into 
the tegmentum. Afferent fibres are believed to reach the corpus mamillare 
from the mesial fillet and from the tegmentum. 
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The tvber cimreum is a hollow eminence of grey matter situated between 
the corpora mamillaria behind, and the optic commissure in front. Laterally 
it is continuous with the grey matter of the anterior perforated spaces and 
anteriorly with a thin lamina, tlie lamina terminalis. From the under Surface 
of the tuber einereum a hollow conical process, the infundihulvm, projects 
downwards and forwards and is attached to the posterior lobe of the pituitary 
body. 

In the lateral part of tho tuber einereum is a nucleus of ncrvc-cells, the basal lyptic 
nucleus of Meyncrt, while close to the cavity of tho third ventricle are three additional 
nuclei. 

Between the tuber einereum and the corpora mamillaria a small elevation, with a 
corresponding depression in tho third ventricle, is sometimes soon. Rety.ius has named 
it the eminenlia saccularis, and 
regards it as the representative of 
tho saccuB vasculosiis found in this 
situation in some of the lower 
vertebrates. 

The pituitary body (hypo- 
pliysis) (fig. 722) is a reddish- 
grey, somewhat oval mass, 
measiiriug about half an inch 
in iis transverse, and about 
one-tliird of an inch in its 
antcro-posterior diametc'r. It 
is attaclicd to tl>e extremity 
of the infundibulum, and is 
situat(xl in the pituitary fossji 
of the sphenoid botic, where 
it is retained by a circular fold 
of dura mater, the diaphragtmi 
sHlcp,. This fold almost, eom- 
])letely roofs in the pituitary 
fossa, leaving only a small 
central aj)ertur<? through Avhich 
the infundibulum passes. 

Tlie pituitJiry body consists of an anterior and a posterior lobe;, whicdi 
differ from one another in tlieir mode of development and in their stmeture. 
The anterior lobe is the largei-, and is somewhat kidney-shaped, the concavity 
being directed backwards and embrac'ing the posterior lobe. It is developed 
from a diverticulum of the cctodenn of the primitive buccal cavity or storaa- 
t.' dieum (see page 155). It is highly vascular, and consists essentially of epithelial 
cells arranged in cord-like trabecula; or alv(;oli, the latter sometimes containing 

a colloid material similar to that found in the alveoli 
of the thyroid body. The posterior lobe is developed 
as a downgrowth fiom the floor of the embryonic 
brain, and during early fu*tal life contains a cavity 
continuous with that of tlie third ventricle. This 
cavity undergoes obliteration and, in the adult, the 
lobe consists of a reticulum of connective tissue with 
brancihed cells, some of which contain pigment. In 
man this lobe contains no nervous elements, but 
in certain of the lower vertebrates (e.g. fishes) 
nervous structures are present, and the lobe is of 
large size. 

Optic commissure. —The optic commissure consists of a flattened, some¬ 
what quadrilateral band of fibres, which is situated at the junction of the floor 
and anterior wall of the third ventricle. Most of its fibres have their origin in 
the retina, and reach it through the optic nerves, which are continuous with its 
antero-lateral angles. In the commissure, they undergo a partial decu8.sation 
(fig. 723) : those fibres which come from the nasal or inner half of the retina 
decussate and enter the optic tract of the opposite side, while the fibres from the 
temporal or outer half of the retina do not undergo decussation, but pass back 
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Fig. 723.—Course of the 
fibres in the optic com¬ 
missure. 
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Fia. 722.—^Tho pituitary body, in position. 
Shown in sagittal section. (Testut.) 
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into the optic tract of the same side. Occupying the posterior part of the 
commissure, however, is a strand of fibres which is not derived from the optic 
nerves; this constitutes the commissure of Chidden, and has already been 
referred to as forming a connecting link between the internal geniculate 
bodies. 

Optic tracts. —^The optic tracts are continued backwards and outwards 
from the postero-lateral angles of the optic commissure. Each passes between 
the anterior perforated space and the tuber cinereum, and, winding round 
the ventro-lateral aspect of the crus cerebri, divides into a mesial and a lateral 
root. The former comprises the fibres of Gudden’s commissure. The lateral 
root consists mainly of afferent fibres which arise in the retina and undergo 
partial decussation in the optic commissure, as described ; but it also contains 
a few fine efferent fibres which have their origins in the brain and their ter¬ 
minations in the retina. When traced backwards, the fibres of the lateral root 
are found to end in the external geniculate body and pulvinar of the optic 
thalamus, and in the upper quadiigeminaJ body; and these three structures 
constitute the lower visual cetUres. Fibres arise from the nerve-cells in these 
centres, and pass tluxiugh the hindmost pari of the internal capsule, under the 
name of the optic radiations, to tlie cortex of the occipital lobe of the cerebrum, 
where the higher visual centre is situated. Son>e of the fibres of the optic 
radiations take an opposite course, arising from the cells of the occipital 
cortex and passing to the lower visual centres. Some fibres are detached from 
the optic tract, and pass through the ei‘us cerebri to the nucleus of the tliird 
nerve. TJiese may be regarded as the afferent brandies for the Sphincter 
pupillse and Ciliary muscles. Other fibres have been described as reacliing 
the cerebellum through its superior peduncles ; while others, again, are lost in 
the pons Varolii. 

The Third Venthicle 

The third ventricle (figs. 717, 721) consists of a median cleft between the 
two tlialami. Behind, it communicates with tlie fourth ventricle through Ihe 
aqueduct of Sylvius, and in front with the lateral ventricles through the 
foramen of Monro. Somewhat triangular in shape, with the apex dii-ected 
backwards, it presents a roof, a floor, an anterior and a posterior boundary and 
a pair of lateral walls. 

Fig. 724.—Coronal section of lateral and third ventricles. (Diagrammatic.) 
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The roof (fig. 724) is formed by a layer of epithelium, which stretches between 
the upper edges, of the lateral walls of the cavity and is continuous with the 
epithelial lining of the ventricle. It is covered by and adherent to a fold of 
pia mater, named the velum interpositum, from the under surface of which a 
pair of vascular fringed processes, the choroid pleteuses of the third ventricle, 
project downwards, one on either side of the middle line, and invaginate the 
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epithelial roof into the ventricular cavity. When the velum interpositum is 
reflected, the epithelial roof is tom from its lateral attachments and removed 
with it, and the cavity of the ventricle is exposed. 

The floor slopes downwards and forwards and is formed mainly by the 
structures.which constitute the hypothalamus : from before backwards these 
are, the optic commissure, the tuber cinereum and infundibulum, and the 
corpora mamillaria. Behind the last, the floor is formed by the locus 
porforatus posticus and the tegmenta of ^he crura cerebri. The ventricle is 
prolonged downwards as a funnel-shaped reciess, the recessm infundibidi, into 
the infundibulum, and to the apex of the latter the pituitary body is attached. 

The anterior boundary is constituted below by the lamina terminalis, a 
thin layer of grey matter which stretches from the upper surface of the optic 


Fra. 725.—Base of brain. 



commissure to the rostrum of the corpus callosum, and above by the anterior 
pillars of the fornix and the anterior commissure. At the junction of the 
floor and anterior wall, immediately above the optic commissure, the 
ventricle presents a small angular recess or diverticulum, the optic or supra¬ 
optic recess. Between the anterior pillars of the fornix and above the 
anterior commissure is a second recess termed the vulva. At the junction 
of the roof and anterior wall of the ventricle, and situated between the 
thalami behind and the anterior pillars of the fomix in front, is iho foramen 
of^ Monro (foramen interventriculare) through which the third communicates 
with the lateral ventricles. 

The posterior boundary is constituted by the pineal body, the posterior 
commissure and the aqueduct of Sylvius. A small recess, the rexessus pinealis. 
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projects into the stalk of the pineal body, whilst in front of and above the 
pineal body is a second recess, the reeesMs suprafinealis, consisting of a 
diverticulum of the epithelium which forms toe ventncular roof. 

Each lateral vnll consists of an upper portion formed by the inner surface 
of the anterior two-thirds of the thalamus and a lower consisting of an 
upward continuation of the grey matter of the ventricular floor. These 
two parts coiTespond to the alar and basal laminae respectively of the lateral 
wall of the fore-brain vesicle and are separated from each other by a furrow, 
the stdem of Monro, which extends from the foramen of Monro to the aqueduet 
of Sylvius (see page J 22). The lateral wall is liimted above by a delicate band 
of white fibres, the stria pincalis, which runs forwards along the junction of 
the mesial and up^r surfaces of the thalamus to join the coiTesponding anterior 
pillar of the formx. The anterior pillars of the fornix (iurve downwards in 
front of the foramen of Mom’o, and then run in the lateral walls of the ventricle, 
where, at first, they form distinct prominences, but are subsequently lost 
to sight. The lateral walls are joined to each other by a band of grey matter, 
the middle or grey commissure (tnassa intermedia), which passes across the 
cavity of the ventricle. Tliis commissure varies much in size ; it is sometimes 
duplicated and occasionally is absent. 

Interpeduncular space (fig. 725).—Tliis is a somewhat lozenge-shaped area 
of the base of the brain, limited in front by tiie optic commissure, behind by 
the antero-suporior surface of the pons, antero-laterally by the converging opth; 
tracts and postero-laterally by (he diverging crura cerebri. The structures 
contained in it are, from behind forwards, the locus perforatus posticus, 
corpora mamillaria, tuber cinereum, infundibulum and pituitary body, all of 
which have already been described. 

Thk 'L’elenoephalon 

The telencephalon includes : (1) the cerebral hemispheres with their 
cavities, the lateral ventricles ; and (2) the pars optica hypothalami and the 
anterior portion of the third ^•cntricl(^ which have already been described 
under tho dien(«phaloii. As stated in the chaj)ter on Embryology (])age 124), 
each cerebral hemisphere may be divid*^! into three fundamental parts, 
viz. the rhinenccphalon, the <;orpus striatum and the neopallium. The 
rhinencephalon, associated with the sense of snudl, is the oldest part of the 
telencephalon, and forms almost the whole of the hemisphere in some of the 
low'er animals (o.g. fishes, amphibians, and reptiles). In man, on the other 
hand, it is rudimentary, whereas tlu* neopallium undergoes great development 
and forms by far the larger part of the hennsphere. 

The Ceeebual Hemispheres 

The, cerebral hemispheres constitute the largest part of the encephalon, 
and, when viewed together from above, assume the form of a large ovoid 
mass which is broader behind than in front, the greatest transverse diameter 
corresponding with a line commoting the two parietal eminences. They are 
separated jq^sially by a deep cleft, named the gmdJoUfftiMdijial .fissure, and 
each possesses a central cavity, named the lateral ventricle. 

Thft g-rftat: Inngjtqdj^^ fiSSure (fissura longitudinalis cerebri) separates 
the cfTebral hemispheres, and contains a sickle-shaped process of dura mater, 
tile falx cerebri. In front and behind, the fissure extends from the upper 
to the under surfaces of the hemispheres and completely severs them, but its 
middle portion only separates them for about one-half oi th(‘ir vertical extent ; 
for at this part they are connected across the middle line by a great central 
white commissure, the rjillnsum. 

In a median sagittal section (fig. 721) the cut corpus^sajlosum presents the 
appearance of a broad, arched.band. Its thiek jK>sterior„end.Jt®n^^ 
apfeatitm, oycrlaf i H the mid-brain, but-is s eparated from it the velu m 
inti^oalturu and the pineal Jbody. Its anterior curved end, termed the g e n u, 
gradually tapers into a thinner portion, the rostr^m^ which is continued 
downwards and backwards in front of the .anterlpricommissure to join the 
lamina terminalis. Arching backwards from immediately Bchrhdlthe anterior 
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commissure to the under surface of the splcniifm is a second white band 
named the fornix : between this and the corpus callosum are the laminae 
of the s eptum ^^ luc idum. enclosing between them the cavity of the so-called 
fifth ventricle. 

SUKPACES OF THE CeREBKAL HEMISPHERES 

Each hemisphere presents thvxio-aarfaces : an outer, a mesial, and a lower. 

Tile ou l« r .~-suxfuce is convex in adaptation to the concavity of the 
coiTcsponding half of the vault of the cranium. The mesial surface is flat and 
verlinai . and is sejiarated from that of the opj)osite hemisphere by the great 
longitudinal fissure and the falx cerebri. The lower surface is of an irregular 
form, and may be diyided into jthree areas : anterior, middle, and posterior. 
The antijipi area, formed by the orbital surface of the frontal lobe, is concave, 
and rests on the roof of tlie orbit and nose ; the middle area is convex, and 

Fio. 726.—Convolutions and sulci on the upper surface of the cerebral hemispheres. 



OOnaigts of the under surface of the temporal, lobe : it is adapted to the 
corresponding half of the middle cranial fossa. The posterior area is concave, 
directed inwards as well as downwards, and is named the tentorial surface, 
since it rests upon the tentorium cei-ebelli, which'intervenes between it and 
the upper surface of the cerebellum. 

These three surfaces are separak'd from each other by the following borders: 
(®') sumro-mesi al. between the outer and mesial smiacos ; (b) inf^oja^^ral, 
between the-outer and inferior surfaces; the anterior part of this border 
separating the outer from the orbital surface, is known as the superciliary 
bord^ (c) inte^wtl occipital, separating the mesial and tentorial surfaces; ^d 
(d) intwwLjiriiital, separating the orbital from the mesial surface. The 
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anterior extreniity of the hemisphere is named tlie fxmial pale ; the posterior, 
the occi^tal pole}, and the anterior end of the temporal lobe, the temporal pole_. 
About two inches in front of the occipital pole on the infero-lateral border is 
an indentation or notch, named the pre-occipital notch. 

The surfaces of the hemispheres are moulded into a number of irregular 
eminences, named convolutions or gyri, and these are separated by clefts or 
furrows, termed fi.mires or sulci. The fissures are of t)\o kinds, rr ympletp. an d 
incomplete. The former appear early in foetal life, are few in number, and 
are produced by infoldings of the entii’o tliiekness of the brain-wall, and give 
rise to corresponding elevations in the interior of the ventricle. They comprise 
the hippocaonpai or dentate fissuie, and parts of the calcarine and collateral 
fissures. The incomplete fissures are very numerous, and only indent the central 
white substance, without producing any corresponding elevations in the 
ventricular cavity. 

The convolutions and their intervening fissures are fairly constant in their 
arrangement; at the same time they vary within certain limits, not only in 
different individuals, but on the two liemisjfiieres of the same brain. The 
convoluted condition of the surface permits of a great increase of tlie grey 


Fro. 727.—Convolutions and sulci on the external surface of the cerebral hcmisiihore. 



matter without the sacrifice of mucli additional space. The number and extent 
of the convolutions, as well as the*dcpth of tlie intervening sulci, appear to bear 
a direct relation to the intellectual powers of the individual. 

Ceitain of th<‘ fissuri's are utilised for tlie })urpose of dividing the hemi- 
spliere into lobes, and are therefore termed interlohvlar ; included under this 
category ai’e the &8ure of Sylvius, the fissure of Rolando, the paricto-occipital, 
calcarine, calloso-marginal, and collateral fissures, and the sulcus circularis 
of Reil. 

The fissure of Sylvius (fissura cerebri lateralis) (fig. 727) constitutes a well- 
marked cleft on the under and outer surfaces of the hemisphere, and consists 
of a gbast a to m w hich divides into three limbs. The stem is situated on the base 
of the brain, and i ommencps at the outer aimlc of tho anterior perforated spot, 
in a depression named the Yallecula Svlvii. From this point it extends outwards 
between the anterior iiart of the temporal lobe and the orbital surface of 
the frontal lobe, and reaches the outer surface of tlie hemisphere. Here it 
divides into thr^ limbs: an anterior, an ascending, and a posterior. The 
arUerior limb (r^mus anterior, horixoatjaiis) passes forwards for nearly an inch 
into the inferior frontal convolution, while the ast^r^inglimh (ramus anterior 
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ascendens) extends upwards into the same convolution for about an equal 
distance. T he 'posterior limb (ramus posterior) is the longest; it is carried 
backwards and slightly upwards for about three inehes, and terminates by 
an ^ward inflexion in the parietal lobe. 

The fissure of Rnlandn (mi,1e.ua nentralis) (figs. 726, 727) is situated about 
the middle of the outer surface of the hemisphere, and eommepcea in or near 
the great Itmg.it,iidi?|fl1 fiasurc, aJittle behind its mid-pomt. "jj xtos sinuously 
dnwtiwiuHp and forw ards, and ternainaics a little above the posterior limb of the 
fiss ure of .Sy lvius, and about, an. inch behind the ascending limb of. the. same 
fissure. It describes two chief curves : an upper or aupvricr genu with its 
eoncavity directed forwards, and a lover or t«/fnor pentt with its eoneavity 
directed backwards. The fissure of Rolando forms an angle opening forwards, 
of about seventy degrees with the mesial plane. 

The p fij;iff;o-pr rJp it; a || fissure (fissura jiarietooccipitalis) (fig. 729).—Only a 
small part of this fissure is seen on the outer surface of the hemisphere, its chief 
part being situated on the mesial surface. That on the outer suifaet' is usually 
named the external, and that on tlie mesial aspect the internalparicto-oeeipital 
fissure. 

'Pile external parieto-oooipital fissure is situated about two inches from 
the postei'ior oxtrenuty or occipital pole of the hemispliere, and extends on 
to the outer surface for about half an inch. 

The intmial parieto-ocdpilal fissure runs downwards and forwards as a deep 
cleft on the me.sial surface of the hemisphere', and joins the calcai'ine fissure 
below and behind the posterior end of the eoipus callosum. On separating 
the lips of this fissure, it will be seen in most eases to contain a submerged 
convolution. 

Tho..galrgrinp figgncA (fissura calcarina) (fig. 729) is situated on the mesial 
surfa c e oilhe hemis}>li«re. T t begitis near the occipital pole in a bifid extremity, 
and runs almost horizontally forward to a point a little below the splcnium of 
the corpus callosum ; it is jo ined at an acute angle by the internal parieto- 
ocei])ital fissure. 

Tlie calloso*marginal fissure (auhauuiiuguli) (hg- 729) is situated on . t he 
mcgial surface of the liemisphere ; it commences below the anterior end of tho 
corpus callosum and runs ujiwards and forwartk nearly paraDcl to the rostrum of 
this body and, cui'ving in front of the genu, is continued backwards above 
the corpus callosum, and finally ascends to the upper margin of the hemisphere 
a short. diatanco behind the upper extremity of the fissure .of Rolando. It 
sejiarates the marginal convolution from tin* callosal convolution. 

The collateral fissure (fissura collaterahs) (fig. 729) is situated on the 
tentor ial surface of the heinisi>here, and extends tli« occipital to 

Avithih a shoi‘1 distance of thedmuporal pole. !|3ehu]ic]., it lies below and to 
tJi043utei side of tlio calcarine fiasui’e, from vhich it is separated by the* gyrus 
lingualis ; in.XcQ»t, it is situated between the hippocampal convolution and 
the anterior part of the temporo-occipital convolution. 

The sulcus circularis of Reil (fig. 731) is situated on the lower and lateral 
surfaces of tho hemisphere: it surroimds the island of Reil and separates 
it from the frontaV parietal and temporal lob^s. 

Lobes of the hemispheres. —By means of these fissures, assisted by 
certain arbitrary lines, each hemisphere is divided into the following lobes : 
the frontal, the parietal, the temporal, the occipital, the limbic, and the insula, 
or island of Iteil. The first four of those lobes are named after the bones of 
the skull with which they are chiefly m rt'lation, but it must be borne in mind 
that their limits do not correspond accurately witli tho margins of these bones. 

Frontal lobe flobus frontalis).—On Jthe outer siufaco oi the hemisphere 
this lobe extends irbiti the frootm pole to the fissure of Rolando, the latter 
separating it from the parietal lobe. Bplpw, it is limited by the posterior limb 
of .Ihe, fitSure ofBylvius, which intervenes between it and tho temporal lobe. 
On the mesial surface, it is separated from the limbic lobe by the calloso-m^ginal 
fissure ; and on the under surface, it is bounded behind by the posterior limb of 
tho-Sylvian 

• frontal lobe (fig. 727) is traversed by three sulci which 

divide iF^mt^io^ECQBSiohitions ; the.sulfiiare named the precentral, and tho 
superior and while the convolutions are the precentral, and 
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fibfit infpjMiEmfiaWitaJ The auhus runs parallel 

to the fissure of Rolando, and is usually divided into an upper -and- a 
lower part. It forms the anterior limit of a convolution, which lies between 
it and the fissure of Rolando, and which is called the precerUral convolution. 
From it two sulci, the superior and inferior fronial, run forwards and downwards, 
and divide the remainder of the outer surface of the lobe into three parallel 
convolutions, named, respectively, the superior, middle, and inferior frontal 
convolutions. 

The precentral convolution (f ^yrus centralis anterior) is a simple convolution, 
bounded in front by the precentrm sulcus,'Iiehind by the fissure of Rolando, and 
extending from the suporo-inesial border of the hemisphere to the posterior 
limb of the fissure of Sylvius. 

The superior frontal convolution (gyrus frontalis superior) is situated 
between the margin of tlie longitudinal ms^(~ahd^lfd'SllfprfToF'frontal sulcus. 


Fig. 728.—Convolutions and sulci on the under surface of the frontal lobe. 



It is continuous on the inu^-aspect of the hemisphere with the marginal 
convolution, and on the orbital surface with tlie internal orbital convolution. 
It is usually more or less completely subdivided into an upper and a lower 
part by an antero-posterior sulcus, the sylcus paramesialfs, which, howev'er, 
is frcqucmtly interrupted by bridging convolutions. 

The middle frontal convolution (gyrus frontalis medius) is situated between 
the superior and inferior frontal sulci, and is continuQua..witkJtbjn_anterior 
orbitaLisonvoIutiou on the lower surface of the hemisphere. It is frequently 
subdivided into two by a horizontal sulcus which terminates anteriorly in a 
wide bifurcation, the sulcusJrontalis medUis of Eberataller. 

The inferior frontal convolution (gyrus frontalisJnferior) is situated below 
the inferior frontal sulcus, and extends forwards from the lower j>art of the 
precentral sulcus; it is continuous with the external and posterior orbital 
convdutiQns on the under surface of the lobe. It is subdiyided by.t:U® 
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a^^ascundic^ lin^spi iheiMms oi ifltn .thrm pflrtia.„yiz.: (1) tjbfejaayfl 

SiiuieSsrhelow the anterior limb of the fissure; (2) the pars triangvlaris (‘cap* 
of Broca), between the two limbs; and (3) the pars basilaris, behind the 
ascending Hmb. 

The leftinferior frontal oonvolution is, as a rule, more highly developed than 
tlic right, and is named the c mvoluiiotL of j iroai. from the fact that in 1861 
iimea discovered. tkaLit tliti speecli. 

Ilie under frontal lobe is concave, and rests on the 
oi Intal plate orth(Tiontal none (fig. 728). It is divided into four convolutions 
(gyii orbitales) by a wejl-nnudcd Krshaped sulcus, tlx/asiUemt tMPbUvdis. These 
are nanied, from their position, tl»^ i.ntt>rn/il, aniwior, cxiunai, and posterior 
oiliiiiiLxuiUivluUons. The i ntc.rual -tii. hiial convolution jiresents a well-marked 
anten* posterior groove or sulcus, the sulcus oljaclorius, for the olfactory tract ; 
tlic jiorlion internal to tliis is named the gyrus reef us, and is continuous with 
<h(' maiginal gyms on the mesial surlace. 

The mesial or pi/ surtge e of tlie frontal lobe is occupied by a single 
fiipvori n^iiT7f4ptwTii Uinnli fi-»m ita situatiou IS tiTmcd tlic marginal gyrus 
(tig. 729). It commuaow* ui front of the a iterior perforated space, ruusJiIong 
tlic' luaigm of the longitudinal fissure on the mesial .surface of the oibital 


Fiu. 729.—Mesial suitace of Iclt ccicbr.il hemisphere. 



lobe, Miiere it is contmuous with the internal orbital convolution; it then 
ascends, and runs backwards to the point ■where the calloso-marginal fissure 
turns upwards to reach the superior border of the hemisphere. ThlLPyid^rior 
piUdi<«A4ins convolution is sometimes maikod off by a vertical fissure, and is 
distinguislied as the jMiracc tdral lohub (lobnlus paraccutralis), because it is 
continuous with those convolutions whicJi lie immediately in front of and 
behind the central fissuic or fissure of Rolando. 

The parietal lobe (lobusiiarietalis) forms a part of both the 
outer and mesial surfaces of the hemisphere. It is separated from the frontal 
lobe by the fissure of Rolando, but its lionndaries below and behind are not 
so detiniti*. Posteriorly , it is Imiited by the external parieto-occipital fissure, 
and by fine cMTicdoAcrimih« h««iispheru from the outer end of this fissure 
towards the pTeoceipitRl-jwt«*h, Bal«»w. it is separated from the temporal lobe 
by the posterior limb gf the fissuro-of Sylvius, and by.a hue carried backwards 
from tlie br>ri.7.nntjl pftrt of-tlufl iissm'C to meet the line passing downwards to 
the pre-oejcjiiiial-u»teh. 

The oi der s urfqce of the parietal lobe (fig. 727) is cleft by a w'eU-markcd furrow', 
the intrapan^it^lcus id Tame£,.rvhich consists of an oblique and a horizontal 
portion. The pbliqut part is named the sulcus postcentreuis, and commences 
below, about midway between the low'er end of the fissure of Rolando and the 
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upturned end of the fissure of Sylvius. It runs upwards and backwards, 

i mrallel to the fissure of Rolando, and is sometimes divided into an upper and a 
ower ramus. It forms the posterior limit of the postcentral convolution. 

From about the middle of the postcentral sulcus, or from tlie upper end of 
its inferior ramus, the hoTizo»itaL,poriion of the intraparietal sulcus is carried 
backwards and slightly upwards on the parietal lobe, and isf prolongpid, ppder 
the name of the ramus occipitalis, on to the occipitalJobe; hfire it divides into 
Jwo parts, which form nearly right-angle with the main stem and constitute 
the stdc'us occipitalis transveaesm. The part of the parietal lobe above the 
horizontal ramus is named tlie superior parietal convolution; the part below, 
the inferior parietal convolution. 

The jmstceniral convolution f gyrus cen tralis posterior) extends from the great 
longitudinal fissure above to the horizontal limb of the fissure of Sylvius below. 
It lies parallel with the ascending frontal or precentral convolution, with wliich 
it is connected below, and also, sometimes, above, the fissure of Rolando. 

The superior parictaLcpnVQlv^ion (lobulus parietalis superior) is bounded in 
front by the upj)er part of the post(!ent)'al sulcus which lies between it and the 
postcentral convolution, but it is usually connected with this latter above the upper 
extremity of the sulcus ; behind, it is bounded by tlie external parieto-occipital 
fissure, outside the termination of wliich it is joined to the occipital lobe by a 
narrow convolution, the arcus parieto-occipitalis ; below, it is separated from 
the inferior parietal convolution by the horizontal portion of the intraparietal 
sulcus ; and above, it is continuous on the inner surface of the hemisphere with 
the precuneus or quadrate lobe. 

The inferior parietal convolution lies below the horizontal ramus, and behind 
the lower part oi the post-central sulcus. It is Hlviderl from before backwards 
into three convolutions. One, the supramazgijuil, arches over the upturned 
end of the fissure of Sylvius; it is continuous in front with the post-central 
convolution, and behind with the superior temporal convolution. The second, 
the rLuqtdar^ arches over the posterior end of the supcrioi’ temporal or parallel 
sulcus, behind which it is continuous with the middle temporal convolution. 
The third, the postim rietal, curves round the end of the second temporal sulcus, 
and is continuous wiBi the third temporal convolution. 

The internal or mesial surface of the parietal lobe (fig. 729) is continuous 
with the external surface, over the supero-mesial border of the hemisphere. It 
is bounded behind by the internal parieto-occipital fissure ; in front, by the 
upturned end of the calloso-marginal fissure ; and below, it is separated from 
the limbic lobe by the sulcus subparietalis. It is of small size, and consists of a 
square-shaped convolution, which is termed the q ua d m i c lob&, 0 £ precuneus. 

Occipital lobe. —^The occipital lobe(lobu3 occipitalis) is small and pyramidal 
in sTiape; it presents t hree su rfaces : au-outer, a mesial, and a - teatarlaJ. 

The o^ter surface is limited in front by tluLfixternal parieto-occipital fissure, ^ 
and by aline earned from the. outer end of this fissure to tlie pre-occipital notch. * 
This surf.ace is traversed by the transvjBssft.-QC6ipital and the lateral occipital 
sulci. The sulcus occipitaHsMansverstis is continuous with the posterior end of 
the ramus occipitalis of the intraparietal sulcus, and runs across the upper part 
of the lobe, a short distance behind the external pari<it-o-occinital fissure. The 
sulcus occipitalis lateralis extends from behind forwards, and divides the outer 
surface of the occipital lobe into an upper and a lower convolution, which 
are continuous in front with the parietal and temporal lobes.* 

The mesial surface of the occipital lobe is bounded in front by the internal 
parieto-occipital fissure, and is traversed by the calcarioe-fiasure, which sub¬ 
divides it into the cuneus and the lingual lobule. Tbo.ccdearinc fissure (fissura 
ealcarina) commences near the occipital pole in a bifid extremity ; it runs 
almost horizontally forwards, and ends in the substance of the limbic lobe, 
a little below the posterior extremity of the corpus callosum. It is joined gt an 
acutie angle by the internal parieto-occipital fissure, and the ■w'cdge-shaped area 
between the twm fissures is named the cuneus. The anterior portion of the 
calcarine fissure gives rise to the prominence of the JdppfUUumiiuA-miwr, or 
calcai.JWis, in the interior of the lateral ventricle. The lirhguat (gyrus 

* Elliot Smith has named the lateral occipital sulcus thie mleut Imintm ; he regards it as 
the repreBOntative, in the human brain, of the ‘ Affcnspalte’ of the brain of the apo. 
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lingualia) lies between tb® calpa^ine fissure and the posterior part of the eftilateral 
fissure, and extends, therefore, on to £he Centorial surface. Behind, it reaches 
the occipital pole ; in front, it is continued on to the tentorial surface of the 
temporal lobe, and jojua the. hippocampal convolution. 

Theifiji/oriaf surface of the occipital lobe is limited in front by an imaginary 
line carried inwards from tlie pre-occipital notch, and consists of the posterior 
part of the occipito-temporal convolution and the lower part of the Ungual lobule, 
which arc separated from each oth(U by the posterior scgnumt of the collateral 
fissure. 

Temporal lobe. —The temporal lobe (lobus temporalis) presents u p per, 
and tenioriid-suEfar;es. 

The upper surface form the lower limit of the fissure of Sylvius, and overlaps 
the-island of Reil. On opening out the fissure of Sylvius, three or four gyri 
will be seen springing from the depth of the bindt*r end of the fissure, and 
running obliquely forwards and outw ards on the posterior part of the upper 
surface of the first temporal convolution ; these are named the gyri temporales 
transversi or gyri of HcscM (fig. 730). 


Fiq. 730.—Section of hrain showing upper surface of tenijwral lobe. 



The ovier surface (fig. 727) is bQMJOSied.above by the posterior limb of the 
fissure of Sylvius, and by tlic imaginary line continued backwards from it; below, 
it is limited by th«f infero-lateral border of the hemisifiiere. It is diKided.iiito 
su perior^ wiitlflle, Ky Lwo sulci, wliich are termed the 

fi^^and socfin.d. toiaporal euki- T ire lirst temm raL sidais (sulcus temporalis 
superior) runs from before backw'ards tfirough the temporal lobe, some little 
distance below, but parallel with, the posterior limb of the fissure of Sylvius ; 
and hence it is often termed the parglf^vJms- Tho.iitficond temporal, sulcus 
(sulcus temporalis medius) takes the same direction as the first, but is situated 
at a lower level, and is usually subdivided into two or more parts. The superior 
temporal convolution (gyrus temporalis superior) lies between the posterior 
limb of the fissure of Sylvius and the parallel sulcus, and is continuous behind 
with the supra-marginal and angular convolutions. The middle temporal 
convolvlion (gyrus temporaUs medius) is placed between the first and second 
temporal sulci, and is joined posteriorly with the angular and postparietal 
convolutions. The inferior temporal convolulion (gyrus temporalis inferior) is 
placed below the second temporal sulcus, and is connected behind wth the 
lower occipital convolution; it also extends round the infero-lateral border 
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on to the tentorial surface, wliere it is limited by the occipito-temporal sulctts 
about to be described. 

Tlie tentorial surface is concave, looks downwards and inwards, and.is 
directly continuous posteriorly with tlie tentorial surface of the occipital lobe. 
It is traversed by the <)Cci}Mo-te.mporcd. sulcus (sulcus temporalis inferior) which 
extends from near the occipital pole behind, to within a short distance of the 
temporal pole in front, but is frequently subdivided by bridging gyri. To the 
outer side of this fissure is the narrow tentorial part of the third temporal 
convolution, and to its inner side the occipito-temporal convolution, which 
extends from the occipital to the temporal jjolo. This convolution is limited 
internally by the collateral fissure, which separates it from the lingual lobule 
behind and from the hippocampal convolution of the limbic lobe in front. 

The inSula»,or island of. Reil (fig. 731), lies deeply in the Sylvian fissure, and 
can only be seen when the lips of that fissures are widely scparatwl, since it is 
overlapped and hidden by the convolutions whitth bound the fissure. These 
convolutions are termed the opercula of the h uada. ; they are separated from each 
other by the three limbs of the Sylvian fissure, and named the orbital, frpjfttal, 
fronto-parietal, and temporq.! opercula. The orbital ppercvJuvf \iw below the 
ahfeWor linib of the fissure, iho-frouial between the anterior and ascending 


Fio. 731.—^Thc island of Reil. Left side. Tlie ovcrlapiwng parts of the liemisphere 

have been removed. 



limbs, the fronto-parietal between the ascending limb and the upturned end of 
the posterior limb, and tlie temporal below the posterior limb. The frontal 
operculum is of small size when the anterior and ascending limbs of the 
fissure of Sylvius arise from a common stem which lies bfetween the orbital 
and fronto-parietal opercula. The island of Reil is surrounded by a deep 
limiting sulcus (sulcus circularis) which separates it from the frontal, parietal, 
and temporal lobes. When the opercula have been removed it presents 
the form of a triangular eminence, the apex of which is directed downwards 
and inwards towards the anterior perforated space. It is divided into a 
precentral and ^ postcentral lobe by the svlcvo ceviralis, which runs backwards 
and upwards from the apex of the insula. The precentral lobe is further 
subdivided by shallow sulci into three or four short convolutions, th® gyri 
breves insuloe, while the postcentral lobe is named the gyrus longus insuLc, 
and is often bifurcated at its upper extremity. The grev matter of the insula 
is continuous with that of the different opercula, while its deep surface 
correspond with the lenticular nucleus of the corpus striatum. 

T.Jtnhir lpb«* (fig. 729).—The term Umbio lobe {grande lobe limbique) was 
introduced by Broca in 1878, and under it he included the callosal and 
hippocampal convolutions, which together arch round the corpus callosum and 
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the dentate or hippocampal fissure. These he separated on the morphological 
ground that they are -well developed in animals possessing a keen sense of smell 
(osmatic animals), such as the dog and fox. They were thus regarded as a 
part of the rhincncephalon, but it is how recognised that they belong to the 
neopallium ; the callosal convolution is therefore sometimes described as a 
part of tlie frontal lobe and the hippocampal convolution as a part of the 
temporal lobe. 

I’he callosal c onvo lution (gyrus einguli) is an arch-shaped convolution, lying 
in close relation to the suj)erficial surface of the corpus callosum, from which 
it is separated by a slit-like fissure, the gfl/i/naa,/ Jissure. It commences below the 
rostrum of the corpus callosum, curves round in front of the genu, extends along 
the upper surf acre of the body, and finally turns downwards behind the 
splenium, where it is connected by a narrow isthmus with the gyms hippocampi. 
It is separated from the marginal convolution by tlui calloso-marginal sulcus, 
and frf)m the quadrate lobe by the subpatiot.al sulcus. 

The Mfipocampal. CQnvoluiio7i (gyrus hippocampi) is bounded above by the 
hippocampal or dentate fi ss ure, and below by the anterior part of the collateral 
fissure. Behind,' itr is continuous superiorfy, through the isthmus, with the 
callosal convolution, and infcriorly with the lingual lobule. Running in the 
substance of the callosal and hipjiocampal convolutions, and connecting them 
togi'ther, is a tract of arched fibres, named the cingulum. The anterior 
extremity of the hip]>oca.mpal convolution is recurved in the form of a hook, 
named the uncus, wliich is separati'd from the. apex of the temporal lobe b^ a 
sliuht fissure, the incisura temporalis. Although superficially continuous with 
till' hijipocampal convolution the uncus forms morphologically a part of the 
rhincncephalon. 

I’he dentate or hippocampal fissure commences immediately behind 
the posterior extremity of the eor])us callosum, and runs fon\ards betwt'cn 
the hippocampal and dentate convolutions to termimite in the uncus. It 
is a complete fissure (see i)age 850), .and giv(‘8 rise to the prominence of the 
hippocampus m.ajor in the descending horn of the later.al ventricle. 

RHlNEN(5Ei*HALON (fig, 732) 

The rhincncephalon comprisiis the olfactory lobe, the uncus, the sub¬ 
callosal, supracallos.al, .and dentate gyri, the septum pcllucidum, the fornix, and 
the hippocamfjus majm-. 

Fio. 732.—Scheme of rhinencc[)halon. 


(Ij/riin siijn'iictiliDsiis 



1. The olfactory lobe is situated on the imder surface of the front^ lobe. 
In many vertebrates it constitutes a well-marked portion of the hemisphere 
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and encloses an extension of the anterior horn of the lateral ventricle; but in 
man and some other mammals it is rudimenta^. It consists of the olfactory 
bulb, the olfactory tract, the trigonum olfactorium, the area of Broca, and t^e 
anterior perforated sp»uie. 

(а) The olfactory bulb (bulbus olfactorius) is ttn oval, reddish-grey mass 
which rests on the cribriform plate of the ethmoid and forms the anterior 
expanded extremity of the olfactory tract. Its under surface receives the 
olfactory nerves, which pass upwards through the cribriform plate from 
the olfactory region of the nose. Its minute structure is described on 
page 883. 

(б) The olfactory tract (tractus olfactorius) is a narrow white band, 
triangular on transverse section, the apex being directed upwards. It lies in 
the olfactory sulcus on the under surface of the frontal lobe, and when traced 
backwards is seen to divide into tAvo roots, an outer and an inner. The ovier 
root is directed across the lateral part of the anterior pci-forated space and then 
bends abruj)tly inwards towards tlie uncus of tJie gyrus hippocampi. The 
inner root turns imv-ards behind Broca’s area and ends in the subcaUosm gyrus ; 
in some cases a small middle root is seen running backwards to the anterior 
perforated space. 

(c) The trigonum olfactorium is a small triangular area in front of the 
anterior perforated space. Its apex, directed forvA’^ards, occupies the posterior 
part of the olfactory sulcus, and is brought into vicAV by turning backwards the 
olfactory tract. 

{d) The area of Broca (parolfactory area) is a .small triangular field on the 
mesial surface of the hemisphere in front of the gyrus subcallosus; it is 
continuous below with the trigonum olfactorium, and above and in front AA-itli 
the callosal convolution. 

(e) The anterior 'perforated space is an irregularly quadrilateral area in 
front of the optic tract and behind the trigonum olfactorium, from AA’hich it 
is separated by the fissura prima ; internally it is continuous with the lamina 
terminalis ; externally it is bounded by the outer root of the olfactory tract. 
Its grey matter is continuous above Avith that of th(! corpus striatum, and is 
perforated anteriorly by numerous small blood-vessels, its posterior part 
assumes the form of a whitish band, the diagonal hand of Broca, continued in 
front into the gyrus subcallosus and behind into the temporal lobe. 

2. The uncus has already been desi:ribed (page 863) as the recurved, hook¬ 
like portion of the hippocampal convolution. 

3. The subcallosal, supracallosal, and dentate gyri form a rudimentmy 
arch-shaped lamina of grey matter which establishes a circuitous connection 
betAveen the diagonal band of Broca and the uncus. 

(а) The subcallosal gyrus or peduncle of the corpus callosum is a narrow 
lamina on the mesial surface of the hemisphere in front of the lamina tci*minalis, 
behind the area of Broca, and beloAV the rostrum of the corpus callosum. 
It is continuous around the genu of the corpus callosum with the gyrus 
supracallosus and below with the diagonal band of Broca. 

(б) The supracallosal gyrus or indusium griseum consists of a thin, atrophic 
layer of grey matter in contact with the upper surface of the corpus callosum 
and continuous laterally with the grey matter of the callosal' convolution. It 
contains tAVO longitudinally directed strands of fibres termed respectively the 
mesial longitudinal strive or strive Lancisi and the lateral longiiwlinal strive 6r 
tvcnice tectve. The supracallosal gyrus is prolonged round the spleniura of the 
corpus callosum as a deUcate lamina, the fasciola cinerea, Avhich is continuous 
in front AA'ith the dentate gyrus. 

(c) The dentate gyrus is a narrow band Avhich extends downwards and 
forAvards above the hippocampal convolution, from which it is separated by the 
hippocampal or dentate fissure. Its free margin is notched and overlapped by 
the fimbna—the jimhrio-dentate fissure intervening. Anteriorly the dentate 
gyrus is continued into the notch produced by the recurving of the uncus, 
where it forms a sharp bend and is then continued as a delicate band, the band 
of Qiacomini, OA'er the uncus, on the outer surface of which it is lost. 

The remaining jrarts of the rhinencephalon, viz. the septum pellucidura, 
fornix, and hippocampus major, Ai'ill be described in connecition with the lateral 
ventricle. 
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INTEfelOE OF TH% OEREBRAL HEMISPHERES 

* • 

Intbriok of the Cbeebbal Hemisphbebs 

'If the uppei part of eithei hemisphere be lemoved with a knife, at a level 
about half an inch above corpus callosum, the mtemal white matter will be 
exposed. It is an oval-shappd centre of white substance surrounded by a 
narrow convoluted margin of grey matter of almost umfoim thickness The 
white centr al xoa^has ocen c^lcd th.^ j^entrum ovale mtnms. Its surface is 
studded with nuiWhous minute red dots {puncta vascviosa), produced by the 
escape of blood fiom divided blood-vessels , in inflammation or great congestion 
of the brain these are very numerous, and of a daik colour If the remaming 
poitions of the hemispheres be shghtly drawn apart a broad band of white 
substance wiU be observed, connecting them at the bottom of the longitudinal 
fissure; this is the c orpus callosum The margins of the hemispheres which 


Fig. 733.—Coipus callosum fiom above 



overlap it are called tlie labtaji^erebn. Eacli labium is pait of the callosal 
convolution already described, and the sht-like mterval between it and the 
upper surface of the corpus i allosuni is termed the callosal fissure (fig 729). If 
the hemispheres be 8hcc*d off to a level wuth the upper surface of the corpus 
callosum, the white substance of lhat structure wm be seen connecting the 
two hemispheres. The large expanse of medullary matter now exposed, 
surrounded by the convoluted margin of grey substance, is called the centrum 
o valf. 

The corpu s caJl osum (fig. 733) is the great transverse commissure which 
umt^ i^e Bfflliispheres and roofs m the lateral ventncles A good 

conception of its position and size is obtained by exammmg a mesial section 
of the bram (fig. 721), when it is seen to form an arched structure about four 

3k 
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inches in length. Its anterior extremity reaches to within about 
a half of the frontal pole,’and its posterior extremity about t’f 
inches from the occipital pole of the hemisphere. ^ 

Xha anterior extremity is named the aenu. and is bent downiSterds wd 
backwards in front of the septum pellucidum; dim^shing rapidly infldckness, 
it is prolonged backwards, under the name of tke xs^wm,^ which is pqnnepjted 
below with the lamina terminalis. The anterior cei^**al arteries are m"contaot 
with the under aspect of the rostrum ; they '!iiipn arch tho front of the 
genu, and are carried backwards above tho body of the corpus call6sum. 

The posterior extremity is termed the splenium , and constitutes the thickest 
part of the corpus callosum. It overlaps the velum interpositum and the mid¬ 
brain, and terminates in a thick, convex, free border. When a mesial section 
of tho splenium is examined, it is seen that the posterior end of the corpus 
callosum is acutely bent forw'ards, the upper and lower parts being appli<‘d 
to each other. 

The vpT^ surface is convex from before backwards, and is nearly an inch 
in wldlii. its mesial park forms the bottom of tho great longitudinal fissure. 


Fio. 734.—Scheme showing relations of tho ventrioles to the surface of the brain. 



and is in contact posteriorly witli the lower border of the falx cerobri. Laterally 
it ih overlapped by the callosal convolution, but is se]parated from it by the 
slit-like callosal fissure. It is traversed by numerous ndges and furrows, and 
is covered by a thin layer of grey matter, the gyms supracaUosus, which 
exhibits on either side of the middle line the mesial and lateral longitudinal 
stiia*, nln*ady described (page 864). 

The lower surface is concave, and forms on either side of the middle line 
tho roof of the lateral ventricle. Mesiallv, this surface is attached in front 
to tho septum ]:K*llueidum ; behind this it is fused with the upper surface 
of the body of the fornix, while the splenium is in contact with the velum 
interpositum. 

On either side, the fibres of the corpus callosum radiate in the white 
substance and pass to the various parts of tho cerebral cortex. The part of 
the corpus callosum which curves forwards from the genu into the frontal 
lobes is called the forceps minor. The part which curves backwards from the 
splenium into the occipital lobes is known as the forceps major. Between these 
two parts is the main body of the fibres which constitute tho tapeium or mat; 
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wjRlllflH on either side into the temporal lobe, and covers in the 

yHHH||||pl^n}|j<ventricle. 

| ^:l MiHjj|iB^rgl wntricle s (vcntricnli laterales) (fig. 736).— The lateral 
J^| |^oft| , ',-two in numbe^ right and left, are irregular cavities situated in 
loliM and inner part^f the cerebral hemisphi^es, one on either side of 
^he mi^e lino. They are separat ed from each other by. a mesial vertical 
'^rtition, the se ftum veUu cidum. but communicate with the third ventricle .and 
mdirectly with,sa|jb othm threBgh iho foraimn of Monro.' They are lin^.hv 
a thin, diaphanous membrane, the e j^endym a. which is covered by ciliated 
epithelium, and moistened by cerebro-spinal fluid, which, even in health, 
may be secreted in considerable amount. Each lateral ventricle consiata of a 
c entra.! cavity nr hn d.y, and three, prolongations from it, termed cormia . The 
(i^enor„cornu curves forwards and outwards into the frontal lobe; the vos- 
texiot backwards and inwards into 


the occipital lobe ; and t\io middl e 
descends Into the temporanobe. 

The body (pars centralis) (fig. 
736) of the lateral ventricle extends 
from the foramen of Monro to the 
splcniuni of the corpus callosum. 
It is an irregularly curved cavity, 
triangular in shaiie on transverse 
section, and presep ti j i a f oof. a 
filior, and an inner wall. Its roof 
is formed by the under siirla^ of 
the corpus callosum ; its floor is 
formed by the following parts, 
enumerated in their order of posi¬ 
tion, from before backwards : the 
caudate nwleus of tfie, corpus 
striatum, the toenia swtkit&ltlaris 
and the veirt of the cor.'pus striatum, 
the outer portion of the upper sur¬ 
face of the thalamus, the choroid 
■plexus, and the lateral part of the 
fornix ; its inner wall is the pos¬ 
terior part of the septum pelluci- 
dum, which separates it from the 
opposite ventricle, and connects 
the under surface of the corpus 
callosum with tlie fornix. 

The., anterior, xorau (cornu 
anterius) passes forvvarcLs and out¬ 
wards, with a slight inclination 
downwards, from the foramen of 
Monro into the frontal lobe, eurv ■ 


Fio. 735.—^Drawing of a cast of the ventricular 
cavities viewed from above. (Testut.) 



a, o', o'. Tho UireB horn.,—anti-rior, putcrior, and middle—of 
tlie left lateral veiitric’lo. 6. Third ventricle, e. Fonrtli 
ventricle, d, Ooinmenccinont of central canal of cord. 1. In¬ 
ferior unftie of fourth ventricle. 2. Superior angle. ,1, Lateral 
angle. 4. Sylvian aqnednct. B. Iteceseua siipnipiuealia. 
<1. Vulva. 7. Junction of descending and posterior horiiti. 


ing round the anterior extremity 

of the caudate nucleus. It is bounded a bove by the corpus callosum, and 
below by the upper surface of the reflected portion of this, the rostrum. It is 
bounded inteou^ by the anterior portion of the septum peUucidum, and 
eyjtfiBiaJly by the head of the caudate nucleus of the corpus striatum. Tf.a np^v 
reaches the posterior surface of the genu of the corpus callosum (fig. 741). 

Theposigripr cornu (cornu posterius) (figs. 736,737) passes into the occipital 
lobe, its directionBem| backwards and outwards, and then inwards; its concavity 
is therefore directed mwards. Its roaLja-fowned. by the fibres of the corpus 
callosum passing to the temporal and occipital lobes. On its inner wall is seen 
a longitudinal eminence, which is an involution of the ventricular wall pro¬ 
duced by the calcarine fissure ; this is called the hippocampus minor, or cqlcpr 
avis. Just above this the forceps major of the corpus callosum, sweeping round 
to enter the occipital lobe, causes another projection, which is known as the 
hvMt .of fftfi coraw. The hippocampus minor and bulb of the posterior 

cornu are extremely variable in their degree of development; in some cases 
they are ill-defined, in others unusually prominent. 


3e2 
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Fro. 737.—Coional section througli postcnor coinu of lateral ventricle 


Bull) of j aimm <oi 
Poilfrior < 01 
Hij)p< ((unpin min » 

/ iniiK nliii I llafd 

( ihniine fissin 

i ollaUral fiwitf 



The middle or dfigceniJiDg cornu (cornu mfenus^ (fig. 7^ 
of the three, t ravem ea the Bemporal lobe of the brain, forminfift 
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^urve roand the back of the thalamus. ,It passes at first backwards, 
downwai-ds, and then curyes forwards, and inwards, to within 

/ Fra. ,, 738 .—^Posterior and descending oomua of left lateral rentriole exposed from 
* the side. * 


fissurr 0/ 
Nylrius 


Choraid plexus 

Bulb of posterior eurnu 

Hippocampus uiinor 



Emineniia collaieraUs 
^ Fimbria 
Uipuocampus major 


an inch of the apex of the temporal lobe, its direction being fairly well 
indicated on the surface of the brain by that of the parallel sulcus. Its roof 


h’lo. 730.—^Transverse section of the descending oomn of the lateral ventriole. 
(From n drawing by F. A. Barton.) 



fnimnni^ chiefly by the ur^der sur face of the tapetum of the corpus callosum, 
but the tjLil nf the fema semtcircularifl also extend 






870 NEUROLOGY 

pixsixda in the roof of the descending horn to its extremity, where t&ey^4 
in a^mass matter, the nmhw amt/^ dalce. Its floor presents the ioHowu^ 

parts; the AyjjjocoaijJits major, the finmmoi toenia hi ppo camm, the eminentia 
coUatera\i8, and the choroid plexus. When the choroid plexus is removed, a 
clefme openiag is formed along the mesial wall of the descending cornu. 
This cleft constitutes the low'er part of the choroidal fissure, and through it 
the ventricular cavity opens on to the surface of the hemisphere. 

The hippocamph^ jxiiupr) or cornu Ammonis (figs. 738,739), is a curved 
eminence, about two inches long, which e^ttends throughout the entire lengt h of 
the j(jQ.Qr of tbo.descendjae hQrn. Its loww extaemity is etdargedTand pceaahts 
two or tliree rounded mevations with. intervening depressions (digitationes 


Fig. 740.—^Horizontal section of right cerebral hemisphere. 


of corpus mltosum 
Ante^nor curuv of Uitnal venfricle 

Caudnfr titichu^ 
Sep/VM ji*cllucuiuiH 
Jnternal cnpstUr (tinfriiur Umh) 
AfitfHor jullnr of form i 

(trim of inicrnol rajMuIt* 
i*utameu 
ithhus ptiUuius 
Internal capsule (poslertor hmh) 
Thalamus ■ 


Tail of cautlaic nucleus 
IIipiHfcampm major 

Descendimj eurnu of laieral i»’niricle 


Area striata 


Posterior cornu cf lateral venti'iete 



Eurferuaf cajtsuh* 
(Uaustrutit 
Inland of lied 


Optic radiaiimis 


hippocampi) which give it a paw-like appearance, and hence it is named the 
pM^hippocampi. If a transverse section bo made through the hippocampus 
major, it vvill be seen that this eminence is produced by the folding of the wall 
of the mmisphcrc to form the dentate, or hippocampal fissure. The main mass 
of the hippocampus major consists of grey matfer 'tJttt on its ventricular 
smface IB a tWn layer of wliite matter, known as the alveus , which is continuous 
wth the fimbria of the fornix and is covered by the ependyma of the ventricle. 
Blaoa.rthy has shown * that if the alveus and superficial strata of grey matter 
be reflected from the surface of the hippocampus by an incision carried along 

* Jmirnal of Anatimiy ani Physiology, vol. zxziii. 
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its,,<5onlexity, the ‘core’ of the hippocampus, as he terms it, presenfe, in 
many cases, a corrugated or crimped appearance. 

„ _ Th e e minentia collateralis is an elongated eminence lying to the outer 
side"^ anSTparaneTwith" the hippocampus major. It corresponds with the 
niiddle part of the collateral fissure, and its size depends on the depth and 
direction of that furrow. It is continuous behind with a flattened triangular 
area which is situated between the posterior and descending cornua, and 
named the trigonum coUaterale. 

The fimbria is a continuation of the posterior pillar of the fornix, and will 
bo discussed with that body ; while a description of the choroid plexus will be 
found on page 877. 

The eprp^striatum (figs. 740, 741, 742) has received its name from the 
striped appearance which a section of its anterior part presents, in consequence 
of diverging white fibres being mixed with the grey matter which forms the 
greater part of its substance. A part of this body is imbedded in the white 

Fro. 741.—Coronal section through anterior cornua of lateral ventricles. 
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substance of the hemisphere, and is therefore external to the ventricle. It 
is termed the extra-ventricular ‘portion, or the nucleus lenticularis ; a part, 
however, is visible in the ventricle, and is named the intraventricular portion, 
or the nucleus caudatus. 

The nucleus caudatus is a pear-shaped, highly arched mass of grey 
matter; its broad extremity, or head (caput nuclei caudati), is directed 
forwards into the fore-part of the body and anterior cornu of the lateral 
ventricle, and is continuous with the grey matter of the anterior perforated 
space and with the anterior end of the lenticular nucleus; its narrow end, 
or tail (cauda nuclei caudati) is directed outwards and backwaids on the outer 
side of the thalamus, from which it is separated by the tjenia semicircularis 
and the vein of the corpus striatum. It is then continued downwards 
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into the roof of the descending comu, where it tenninates in the^TOMCfetw 
amygdalce, at the apex of the temporal lobe. It is covered by the lining of the 
ventricle, and crossed by some veins of considerable size. It is separated 
from the extra-ventricular portion, in the greater part of its extent, by 
a larnm n. of white matter, which is called the internal capsule, but the two 
portions of the corpus striatum are united in front (fig. 74-1). 

^e nucleus lenticularis (nucleus lentiforniis), or extra-ventricular 
portion of the corpus striatum, is placed outside the caudate nucleus and 
thalamus, and is seen only in sections of the hemisphere. When divided 
horizontally, it exhibits, to some extent, the appearance of a biconvex lens, 
while a vertical transverse section of its central part presents a somewhat 
triangular outline. It does not extend as far forwards or backwards as the 
nucleus caudatus. It is bounded externally by a lamina of white matter called 
the external capsule, on the outer surface of which is a thin layer of grey matter 
termed the clausirum. Its anterior extremity is continuous with the lower 


Fig. 742.—Coronal section of brain through anterior commissure. 
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part of the head of the caudate nucleus and w'ith the grey matter of the anterior 
f)erforated space. 

Upon making a transverse vertical section through the middle of the 
nucleus lenticularis it is seen to be divided by two white laminse, the medullary 
lamiiuB, into three zones. The outermost and largest zone is of a reddish colour, 
a,nd is known as the putamen, while the two inner are paler and of a yellowish 
tint, and together constitute the glohus pallidus. All three zones are marked 
by fine radiating white fibres, which are most distinct in the putamen. 

The grey matter of the corpus striatum is traversed by nerve-fibres, some 
of which are believed to originate in it. The cells are multipolar, both large 
and small; those of the lenticular nucleus contain yellow pigment. The 
caudate and lenticular nuclei are not only directly continuous with each other 
anteriorly, but are connected to each other by numerous fibres, l^e corpus 
stmtum is also connected: (1) to the cerebral cortex, by what are termed 
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tho horizontal section, there is shown a 
transverse section of Ihe corresponding 
cnis cerebri. 


the cMiico-striate fibres; (2) to the thalamus, by fibres which pass through 
the internal capsule, and by a strand named the ansa hniicvlaris ; (3) to the 
crus cerebri, by fibres which leave the lower aspect of the caudate and 
lenticular nuclei. 

Tlie claustrum is a thin layer of grey matter, situated on the outer sur¬ 
face of the external capsule. On transverse section it is seen to be triangular, 
with its apex directed upwards and its base downwards. Its inner surface, 
which is contiguous to the external capsule, is smooth, but its outer surface 
presents ridges and furrow's w'hich correspond with the convolutions and sulci 
of the island of Rcil, w ith which it is in close relationship. The claustrum is 
regai-ded as a detached portion of the grey matter of the island of Reil, from 
which it is separated by a layer of white fibres, the capsvla extrema or hand 
of Baillarger. Its cells are small and 

spindle-shaped, and tontain yellow Fig. 74.3. —Horizontal section of the internal 
pigment; they are similar to those capsule. (Schematic.) (Testut.) Below 
found in the deepest layer of the 
cortex. 

I’he nucleus amygdalae is an 
ovoid, mass of groxxhatler, situated 
in the roof of the (Ascending horn, 
at its lower extremity. ItJsjnerely 
a,localised thiehehing nf the grey 
cortex, continuous with that of the 
untms ; in front it is continuous with 
the putamen, behind with tlu* ta'uia 
semioircularis and llie tail ot th<‘ 
caudate nucleus. 

Thu „ internal_aapsule is a 

flattened band of w hite fibres, which 
lies_betw;eea the lenticular nucleus 
on tlie outer side and the caudate 
nucleus and thalamus on the inner 
side. In horizontal section (figs. 

740, 743) it is seen to he soniewliat 
abruptly curved, with its convexity 
inw'ards; the prominence of the 
i!urve is called the g&uu, and yiro- 
jects between the caudate nucleus 
and the thalamus. Tho portion in 
front of the genu is termed the 
antetdor Umh (pars frontalis), and 
separates the lenticular from the 
caudate nucleus; the portion be¬ 
hind the genu is the 'pQskxior 
limh (pars occipitalis), and separates 
the lenticular nucleus from tho 
thalamus. 

The anterior limb of the internal 
cap.sule contains: (1) fibres w'hieh pass 
from the thalamus to the frontal 
lobe (cortico-thalamic) ; (2) fibres 

connecting the lenticular and caudate nuclei (lenticulo-caudate); (3) fibres con¬ 
necting the cortex with the coriius striatum (cortioo-striate); and (4) fibres 
passing from the frontal lobe to the nuclei pontis (cortico-pontine). The 
fibres which occupy the region of tho genu are named the geniculate fibres ; 
they originate in the motor part of the cerebral cortex, and, after passing 
dowmwards in the inner fifth of the crusta, undergo decussation and end in 
the motor nuclei of the cranial nerves of the opposite side. The anterior 
two-thirds of the posterior limb contains the pyramidal fibres, which arise 
in the motor area of the cortex and, passing downw'ards through the middle 
three-fifths of the crusta, are continued into the pyramids of tho medulla. The 
posterior third of the posterior limb contains : (1) semory fibres, which are 
largely derived from the thalamus, but some of which may be continued 
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upwards, from the mesial fillet; (2) the fibres of optic radiation, which pass 
from the lower visual centres to the cortex of the occipital lobe ; (3) auditory 
fibres, from the lateral fillet to the temporal lobe; and (4) cortico-pontine 
fibres, which pass from the occipital and temporal lobes to the nuclei pontis. 

The fibres of the internal capsule radiate widely as they pass to and 
from the various parts of the cerebral cortex, forming the cortMa radiata and 
intermingling with the fibres of the corpus callosum. 

The external capsule is a lamina of white matter, situated on the outer 
side of the lenticular nucleus, between it and the claustrum, and continuous 
with the internal capsule below and behind the lenticular nucleus. It 
probably contains fibres derived from the thalamus, the anterior white 
commissure, and the subthalamic region. 


Fig. 744.—^The fomix and corpus callosum from below. (From a specimen in the 
Department of Human Anatomy of the University of Oxford.) 
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Iho substantia innominata of Meynert is a stratum consisting partly 
of grey and partly of white matter, which lies below the anterior part of 
and lenticular nucleus. It consists of three layers, superior, 
nndme, and inferior. The superior layer is named the atisa lenticularis, and 
■its filwes, derived from the medullary lamina of the lenticular nucleus, pass 
inwards to end in the thalamus and subthalamic region,' while others 
are said to terminate in the tegmentum and red nucleus. The middle layer 
consists of nerve-cells and nerve-fibres ; fibres enter it from the parietal lobe 
through the external capsule, while others are said to connect it with the 
p^terior longitudinal fasciculus. The lower layer forms the main part of the 
mfenor stalk of the thalamus, and connects this body with the temporal lobe 
and the island of Bed. 

The tsenia semicircularis is a narrow, whitish band of medullary 
substance situated in the depression between the caudate nucleus and the 
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thalamus. Anteriorly, its fibres are partly continued into the anterior pillar 
of the fornix ; some, however, pass over the anterior commissure to the grey 
matter between the caudate nucleus and septum pellucidum, while others 
are said to penetrate the caudate nucleus. Posteriorly, it is continued into 
the roof of the middle or descending horn of the lateral ventricle, at the 
extremity of which it enters the nvdeus amygdalae. Superficial to it is a large 
vein, the vena corporis striati, which receives numerous tributaries from the 
corpus striatum and thalamus; it runs forwards to the foramen of Monro 
and joins with the vein of the choroid plexus to form the coiresponding 
vena Oaleni, On the surface of the vein of the corpus striatum is a narrow 
band of white fibres, named the lamina cornea. 

The fornix (figs. 721, 744) is a longitudinal, arch-shaped lamella of white 
matter, situated oelow the corpus callosum, with which it is continuous 
behind, but from which it is separated in front by the septum pellucidum. 
It may be described as consisting of two symmetrical bands, one for either 
hemisphere. The two portions are not united to each other in front and 
behind, but their central parts are joined together in the middle line. 
The anterior parts are called the anterior pillars (cdlumnce fornicis) ; the 
intermediate united portions constitute the body of the fornix ; and the 
posterior parts are termed the posterior pilhirs {crura fornicis). 

The body of the fornix is triangular, narrow in front, and broad behind. 
The mesial part of its upper surface is connected to the septum pellucidum 
in front and to the corpus eaUosum behind. The lateral portion of this surface 
forms part of the floor of the lateral ventricle, and is covered by the 
ventricular epithelium. Its outer edge overlaps the choroid plexuses, and is 
continuous with the epithelial covering of these structures. The under surface 
rests upon the velum interjmsitum, wliich separates it from the epithelial 
roof of the third ventricle, and from the inner portions of the upper 'surfaces 
of the thalami. When viewed from below the lateral portions of the body 
of the fornix are seen to be joined by a thin triangular lamina, named the 
psalterium or lyra. lliis lamina contains some transverse fibres which connect 
the tw'o hippocampi across the middle line and constitute the hippocampal 
commissure. Between the psalterium and the corpus callosum a horizontal cleft, 
the so-called vcniricle of the fornix or ventricle of Verga, is sometimes found. 

The anterior pillars arch downwards in front of the foramen of Monro and 
behind the anterior commissure, and each descends through the grey matter 
in the lateral wall of the third ventricle to the base of the brain, where ii 
terminates in the corpus albicans. hVom the cells of the corpus albicans a 
fas(!iculus of fibres, termed the bundle of Vicq d’Azyr, takes origin and is 
prolongcnl into the anterior nucleus of tiie thalamus. The anterior pillar of 
the fornix and the bundle of Vicq d’Azyr together form a loop resembling 
the figure 8, but the continuity of the loop is broken in the corpus albicans. 
The anterior pillar of the fornix is joined by the stria pinealis and by the 
superficial fibres of the tamia semicircularis, and is also said to receive fibres 
from the septum pellucidum. Zuckerkandl describes an olfactory fasciculus 
which becomes detached from the main portion of the anterior pillar of the 
fornix, and passes downwards in front of the •anterior commissure to the base 
of the brain, where it divides into two bundles, one joining the inner root 
of the olfactory tract; the other joins the subcallosal gyrus, and through it 
reaches the hippocampal convolution. 

The posterior pillars are juolonged backwards from the body of the fornix. 
They are flattened bands, and at their commencement are intimately con¬ 
nected by their upper surfaces with the under aspect of the corpus callosum. 
Diverging from one another, each curves round the posterior extremity of 
the thalamus, aind j)asses downwards and forwards into the descending 
horn of the lateral ventricle. Here it lies along the concavity of the hippo¬ 
campus major, on the surface of which some of its fibres are spread out to 
form the alveus, while the remainder are continued as a narrow white band, 
the fimbria or taenia hippocampi, which is prolonged into the uncus of the 
eyrus hippocampi. Its inner edge overlaps the dentate convolution (page 864), 
from which it is separated hjlird fimhrio-dentate fissure; from its outer margin, 
wliich is thin and ragged, the ventricular epithelium is reflected over the 
choroid plexus as the latter projects into the choroidal fissure. 


14 
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Foramen of Monro. —Between the anterior pillars of the fornix and the 
anterior extremities of the thalami, an oval aperture is seen on either side; 
this is the foramen of Monro and through it the lateral ventricle communicates 
with the third ventricle. Behind the epithelial lining of the foramen the 
choroid plexuses of the lateral ventricles arc joined across the middle line. 

The anterior commissure (commissura anterior) is a bundle of white 
fibres, which connects the two cerebral hemispheres across the middle line, 
and is placjcd in front of the anterior pillars of the fornix. On sagittal section 
it is seen to be oval in shape, its long diameter being vertical in direction 
and measuring about one-fifth of an inch. Its fibres can be traced outwards 
and backwards on each side beneath the corpus striatum into the substance 
of the temporal lobe. It serves in this way to connect the two temporal lobes, 

Fiq. 745.—The fornix, velum interpositum, and middle or descending cornu 

of the lateral ventricle. 



but it also contains fibres from the olfactory tract of the opposite side, the 
decussation of which in the anterior commissure may serve to explain the 
condition of crossed anosmia, i.e. a loss of smell in one side of the nose 
resulting from a lesion in the temporal lobe of the opposite side. 

The septum pellucidum {septum lucidum) is a thin, vertically placed 
partition. It consists of two distinct laminae, separated in part of their extent 
by a marrow chink or interval, the so-called fifth verUride. The outer surface 
of each lamina is directed towards the body and anterior coma of the lateral 
ventricle, and is covered by the ependyma of that cavity, while its mesial 
surface bounds the cavity of the fifth ventricle. It is a thin, semi-transparent 
septum, attached, above, to the under surface of the corpus callosum ; below, 
to the anterk>r part of the fornix behind, and the reflected portion of the corpus 
callosum in front. It is triangular in form, broad in front and nanrow 
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behind; its inferior angle corresponds with the upper part of the anterior 
commissure. 

The cavum septi peUucidi or so-callod fifth ventricle is generally regarded 
as part of the great longitudinal fissure, which has become shut off by the 
union of the hemispheres in the formation of the corpus callosum above 
and the fornix below. Each half of the septum is therefore formed by the 
median wall of the hemisphere, and consists of a mesial layer of grey matter, 
derived from the grey matter of the cortex, and an external layer of white 
substance continuous with the white matter of the cerebral hemispheres. 
The fifth ventricle differs from the other ventricles of the brain, inasmuch 
as it is not developed from the cavity of the cerebral vesicles, is not 
lined by ciliated epithelium, and does not communicate with the general 
ventricular cavity. 

The choroid plexus of the lateral ventricle (plexus chbrioideus ven- 
triculi lateralis) (fig. 745) is a highly vascular fringc-likc process of pia mater, 
which appears as if it were contained within the ventricular cavity. The plexus, 
however, is not actually within the cavity, as it is everywhere covered by a 
layer of epithelium continuous with the epithelial lining of the ventricle, 
which therefore shuts it out of the ventricular cavity. It extends from the 
foramen of Monro, where it is joined with the plexus of the opposite ventricle, 
to the extremity o‘f the descending horn. The part in relation to the body of 

Fio. 746.—Coronal section of descending horn of lateral ventricle. (Diagrammatic.) 
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the ventricle forms the vascular fringed margin of a triangular process of pia 
mater, named the velum interpositum, and projecte from under cover of the 
outer edge of the fornix. It lies upon the upper surface of the thalamus, from 
which the epithelium is reflected over the plCjjsus on to the edge of the fornix. 
The portion in rdation to the descending horn lies in the concavity of the 
hippocampus major and overlaps the fimbria : from the outer edge of the latter 
the epithelium is reflected over the plexus on to the roof of the cornu (fig. 746). 
It consists of minute and highly vascular villous processes, each with an afferent 
and an efferent vessel. The cells of the epithelium which covers it often contain 
yellowish fat molecules. The arteries of the plexus are : (a) the anterior 
choroidal, a branch of the internal carotid, winch enters the plexus at the 
extremity of the descending horn; and {b) the posterior choroidal, one or 
two small branches of the posterior cerebral, which pass forwards under the 
splenium. The veins of the choroid plexus unite to form a prominent,vein, 
which courses from behind forwards to the foramen of Monro and joins with 
the vein of the corpus striatum to form the corresponding vein of Gmen. 

When the choroid plexus is puUed away, the continuity of the epithelium 
which covers it, with that which lines the ventricle, is severed, and a cleft-h'ke 
space is produced. This is named the choroidal fissure; like the plexus, it 
extends from the foramen of Monro to the extremity of the descending horn. 
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The upper part of tlus fissure, i.e. the part nearest the foramen of Monro, is 
situated between the lateral edge of the fornix and the upper surface of the 
thalamus; further back, at the beginning of the descending horn, it is 
between the commencement of the fimbria and the posterior end of the 
thalamus, while in the descending horn it lies between the fimbria in the floor 
and the taenia semicircularis in the roof of the cornu : through this part of the 
fissure the descending hom opens on to the tentorial surface of the hemisphere. 

The velum interpositum, or tela chorioidea ventriculi tertii {fig. 745), 
is a double fold of pia mater, triangular in shape, which lies beneath the fornix. 
The lateral portions of its lower surface rest upon the thalami, while its 
mesial portion is in contact with tlie epithehaJ roof of the third ventricle. Its 
apex is situated at the foramen of Monro ; its base corresponds with the splenium 
of the corpus callosum, and occupies the interval between that structure above 
and the corpora quadrigemina and pineal body below. This interval, together 
with the lower portions of the choroidal fissures, is sometimes spoken of as the 
great transverse fissure, of the brain. At its base the two layers of the velum 
separate from each other, and are continuous with the pia mater investing the 
brain in this region. Each of its lateral margins is modified to form the highly 
vascular fringed structure which constitutes the choroid plexus of the lateral 
ventricle. It is supplied by the anterior and posterior choroidal arteries 
already described. The veins of the velum interpositum are named the renee 
Oaleni; they are two in number, and run backwards between its layers, each 
being formed at the foramen of Monro by the union of the vein of the corpus 
striatum with the choroid vein. The venae Galeni unite posteriorly into a 
single trunk, the vena magna Oaleni, which passes out beneath the splenium 
and ends in the straight sinus. 

Sthtjctitre op the Cerebral Hemispheres 

The cerebral hemispheres are composed of grey and white matter: the 
former covers their surfaces, and is termed the cortex \ the latter occupies the 
interior of the hemispheres, tind is named the medullary centre. 

The white matter of the cerebral hemispheres consists of medullated 
fibres, varying in size and arranged in bundles, separated by neuroglia. They 
may be divided into three distinct systems, according to the course they 
take. 1. Projection fibres, which connect the hemisphere with the lower parts 
of the brain and with the spinal cord. 2. Transverse or commissural fibres, 
which unite together the two hemispheres. 3. Association fibres, which 
connect different structures in the same hemisphere: these are, in many 
instances, collateral branches of the projection fibres, but others are the axons 
of independent cells. 

1. The projection fibres consist of efferent and afferent fibres which con¬ 
nect the cortex with the lower parts of the brain and with the spinal cord. The 
principal efferent strands are : (1) the motor tract, which occupies the genu and 
anterior two-thirds of the posterior limb of the internal capsule, and consists 
of (a) the geniculate fibres, which decussate and end in the motor nuclei of 
the cranial nerves of the opposite side ; and (6) the pyramidal fibres, which are 
prolonged through the pyramid of the medulla into the S]i)inal cord : (2) the 
cortico-pontine fibres, which end in the nuclei pontis. The chief afferent fibres 
are : (1) those fibres of the fillet which are not interrupted in the thalamus ; 
(3) those fibres of the superior cerebellar peduncles which are not interrupted 
in the red nucleus and thalamus ; (3) the numerous fibres which arise witliin 
the thalamus, and pass through its stalks to the different parts of the cortex 
(page 848) ; (4) the optic and acoustic fibres, the former passing to the occipital, 
the latter to the temporal lobe. 

2. The transverse or commissural fibres connect the two hemispheres. 
They include : (a) the transverse fibres of the corpus callosum, (6) the anterior 
commissure, (c) the jKJStcrior commissure, and {d) the lyra ; they have already 
been described. 

S. Association fibres (fig. 747).-yThe8e connect different parts of the 
same hemisphere, and are of two kinds: (1) those which unite adjacent 
convolutions, short association fibres ; (2) those which pass between more 
distant parts, long association fi^es. 
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The short association fibres are situated’ immediately beneath the grey 
substance of the cortex of the hemispheres, and connect together adjacent 
convolutions. 

The long association fibres include the following ; (a) the uncinate fasciculus ; 

(b) the cingulum ; (c) the superior longitudinal fasciculus ; (d) the inferior 
longitudinal fasciculus; (e) the perpendicular fasciculus; (/) the occipito¬ 
frontal fasciculus ; and (g) the fornix. 

(а) The uncinate fasciculus passes across the bottom of the Sylvian fissure, 
and connects the convolutions of the frontal lobe with the anterior end of the 
temporal lobe. 

(б) The cingulum is a band of white matter which is contained within the 
callosal convolution. Commencing in front at the anterior perforated space, 
it passes forwards and upw'ards parallel with the rostrum, winck round the 
genu, runs in the convolution from before backivards, immediately above 
the corpus callosum, turns round its posterior extremity, and passes into the 
gyrus hippocampi, in the anterior extremity of wliich it ends. 

(c) The superior longitudinal fasciculus consists of fibres which pass 
backwards from the frontal lobe above the lenticular nucleus and island of 


I'lG. 747.—^Diagram showing principal systoms of association fibres in the cerebrum. 



Reil; some of these terminate in the occipital lobe, while others pass down¬ 
wards and forwards into the temporal lobe. 

(d) The inferior longitudinal fasciculus is a collection of fibres which connect 
the temporal and occipital lobes, running along the outer wall of the descending 
and posterior cornua of the lateral ventricle. ^ 

(e) The perpendicular fasciculus runs veAically through the front part of 
the occipital lobe, and connects the inferior parietal lobule with the fourth 
temporal convolution. 

(/) The occipito-frontal fasciculus passes backwards from the frontal lobe, 
along the outer border of the caudate nucleus, and on the mesial aspect oiE tbe 
corona radiata, and its fibres radiate in a fan-like manner and pass into the 
occipital and temporal lobes on the outer aspect of the posterior and descending 
cornua. Dejerine regards the fibres of the tapetum as being derived from this 
fasciculus, and not from the corpus caUosum. 

{g) The fornix connects the hippocampal convolution with the corpus 
albicans, and, by means of the bundle of Vicq d’Azyr, with the thalamus 
(see page 876). Through the fibres of the lyra it probably also unites the 
opposite hippocampal convolutions. 

The grey matter of the hemisphere is divided into: (1) that of the 
cerebral cortex, and (2) that of the nucleus caudatus, the nucleus lenticulans, 
the claustrum, and tl^ nucleus amygdalae. 
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SiRirCTtrEB OF THB Cerbbbal Cobtex (fig. 748) 

. The cerebral cortex differs in its thickness and in its minute structure in 
different parts of the hemisphere. For instance, it is thinner in the occipital 
region than in the pre- and postcentral gyri, and it is also much thinner at the 
bottom of the sulci than on the top of the convolutions. Again, the minute 
structure of the precentral differs from that of the postcentral gyrus, and areas 


Fro. 748.—Cerebral cortex. (Poirier.) To the left, the groups of cells ; to the right, the 
STstems of fibres. Quite to the left of the figure a sensory nerve-fibre is shown. 
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ssing a specialised type of cortex can be mapped out in the occipital 


On examining a section through the cortex with a lens, it is seen to consist 
of alternating white and grey layers thus disposed from the surface inwards : 
(1) a thin layer of white substance; (2) a layer of grey substance; (3) a 
second layer of white substance (outer band of Baillarger or band of 
Gennari) ; (4) a second grey layer; (5) a third white layer (inner band of 
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Baillarger ); (6) a third grey layer, which rests on the medtiUary substance of the 
convolution. 

The cortex is made up of nerve-cells wliich vary in ske and shape, and of 
nerve-fibres which arc either raoduUated or naked axis-cylinders, imbedded in 
a matrix of neuroglia. 

Nerve-cells. —According to Cajal, whose description is now generally 
accepted, the ncrve-cclls are arranged in four layers, named from the surface 
inwards as follows; (1) the molecular layer, (2) the layer of small pyramidal 
ccHs, (3) the layer of large pyramidal cells, (4) the layer of polymorphous cells. 

The molecular layer. —In ibis layer the cells are polygonal, triangular, 
or fusiform in shape. Each polygonal cell gives off some four or five dendrites, 
wliile its axon may arise directly from the cell or from one of its dendrites. 
The axons and dendrites of these cells ramify in the molecular layer. Each 
triangular cell gives off two or three dendrites, from one of which the axon 
aris(is, tlui dendrihis and the axon ramifying in tlie molecular layer. Tlie 
fusiform cells are placed with their long axes parallel to the surface and are 
mostly bipolar, each pole being prolonged into a dendrite, which runs hoiizon- 
tally for some distance and furnishes asetmding branches. Their axons, two or 
three in number, arise from the dendrites, and, like them, take a horizontal 
course, giving off num(n'ous ascending c’ollatcrals. The distribution of the 
axons and dendrites of all llmeo sets of cells is limited to the molecular layer. 

The layer of small and the layer of large pyramidal cells. -yThe cells 
in these tv o layei’s may be studied togethc^r, since, with this exception of the 
difference in sizii and the moi’e su])erfieial jiosilioii of the smaller cells, they 
resemble each other. 'I’he average length of the small cells is fi-om 10 to 16 ; 

that of the large cells from 20 to 30 fj. Tlie body of each cell is pyramidal in 
shape, its base being directed to the deeper ])nrts and its apex towaiffs the 
surface. It contains granular pigment, and stains deeply with ordinary 
reagents. Tlie nucleus is nueleolated, of larg<* size, and round or oval in shape. 
The base of the cell gives off the axis-cylinder, and this passes into tlie central 
white substuiKie, giving off collaterals in its course, and is distributed as a pro¬ 
jection, commissural,, or association filwe. Both the fi|)ieal and basal parts of 
the e.ell give off dendrites, "riie apical dendrite is directed towards the surface, 
and ('iid.s in tJu; nioh'cular layer by divoiding into numerous branches, all of 
wliieh may be seem, wh(*n jirc^pared by the silver or methylene-blue method, to 
he stiuUh'd with ])rojeeting hristle-like proc(>.ss(‘.s. The largest pyramidal eelhs 
are found iti the upjier j^art of the jneccnti-al gyrus and in the jiaracontral 
lobuli*. These, which are often arranged in groups or lU'sts of from three to 
five, ar(' mimed the gianl-crUs of Brtz. In the former situation they may 
exceed 60 n in length and 40 /i in breadth, while in the jiaracentral lobule they 
may attain a length of 06/i. 

Layer of polymorphous cells. —^".rtie cells in this layer, as their name 
Implies, are very irregular in contour ; they may be fusiform, oval, triangular, 
or star-shaijcd. Their dendrites are directed outivaids, towards, but do not 
reatdi, the molcoulai' layer ; their axons [lass into the subjacent white matter. 

There are two othe'r kinds of cells in the cerebral cortex, but their axons 
pass in a direction opposite to that of the pyi;amidal and polymorphous cells, 
among w'hich they 4ic. 'J’hey are : (n) the Cflls of Golgi, the axons of which do 
not become medullatod, but divide, immediately after their origins, into a 
large number of branches, wliioli are directed towards the surface of the cortex ; 
(b) the cdls of Martinotti, which an; chiefly found in the polymorphous layer. 
Their dendiltes are short, and may have an ascending or descending coursdj 
while their axons pass out into the molecular layer and form an extensive 
horizontal arborisation. 


Nerve-fibres. —Tliese fill up a large part of the intervals betv'een the 
colls, and may bo medullated or non-meduUated—the latter comprising the 
axons of the smallest pyramidal cells and the cells of Oolgi. In their direction 
the fibres may be either transverse (tangential or horizontal) or vertical 
(radial). The tangential fibres run parallel to the surface of the hemisphere, 
intersecting the vertical fibres at a right angle. They constitute several strata, 
of which the folloiving are the most important: (1) a stratum of white fibres 
covering the superficiS aspect of the molecular layer (plexus of Exner) ; (2) the 
band of Bechterew, which is situated in the outer part of the layer of small 

3l, 
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pyramidal cells ; (3) the external band of Baillarger (band of Gennari or band 
of Vicq d’Azyr), which runs tlirougli the layer of large pyramidal cells ; (4) the 
internal band of Baillarger, Avhicli intervenes between the layer of large 
pyramidal cells and tJie polymorphous layer ; (5) the deep tangential fibres 
vmich lie in the lower part of the polymorphous layer. According to Cajal, 
the transverse fibres consist of (a) the collaterals of the pyramidal and poly¬ 
morphous cells and of the cells of Martinotti; (6) the arborisations of the axons 
of Golgi’s cells ; (c) the collaterals and tcriuinal arborisations of the projection, 
commissural, oi' association fibres. T/ie vertical Jibres. —Some of these, viz. 
the axons of the pyramidal and polymorphous cells, arc directed towards 
the central white matter, whihi othei-s, the terminations of the projection, 
commissural, or association fibres, jiass outwards to end in the cortex. The 
axoJis of the cells of Martinotti are also ascending fibres. 

SpBciAn Tyi'ES of Cekebral Coetex 

It has been already pointed out that the minute structure of the cortex 
differs in different regions of the hemisphere ; and A. W. Campbell has 
endeavoured to prove, as the result of an exhaustive examination of a series 
of human and anthropoid brains, ‘ that there exists a direct correlation 
between physiological function and histological structure.’ TIk; principal 
regions where the ‘ tyj)ical ’ structure is departed from vill now’ be refcired to. 

1. In the calcarine fissure find the convolutions bounding it, the inner band 
of Baillarger is absent, while the band of Gennari is of considerable thickness, 
and forms a characteristic feature of this region of the cortex. If a section be 
examined microscopically, an additionjil layer is seen to be interpolated between 
the molecuhu’ layer and the lay<!r of small i)yranudal cells. This extra lay(‘r 
consists of two or three* strata of fusiform cells, the long axes of wliitih are at 
right migles to the surface. Each cell gives off tv\o dendrites, (ixtermil and 
internal, from the latter of w’hich the axon arises and passes into tlu^ white 
central substance. In the layer of small pyramidal cells, fusiform cells, 
identical with the above, arc seen, as well as o\'oid or star-like cells with 
ascending axons (cells of Martinotti). 'J’his is the vinnal arm of the cortex, 
and it has been show’ii by J. K. Bolton f that in old-standing cases of optic 
atro 2 )hy the thickness of Geimari’s baud is reduced by nearly /K) i)er c;ent. 

A. W. Campbell says : ‘ Histologically, two distinct types of cortex can be made out in 
the occii)ital lobe. The first of these coals the walls and bounding convolutions of the 
culeariue fissure, and is distinguished by the well-known line of Gennari or Vic<i d’Azyr ; 
tho second area forms an investing zone a eciitimelro or more broad around the first, 
and is characterised by a remarkable wealth of fibres, as well as by curious pyriform cells 
of largo size richly stocked with chromophilic elements—cells which seem to have escaped 
the observation ol Hami'm y Cajal, Bolton, and others who have w’orkod at this region. 
As to the functions of these two regions there is abundant evidence, anatomusal, embryos 
logical, and pathological, to show that the first or calcarine area is that to which visual 
sensations primarily pass, and wc arc gradually obtaining 2)roof to the effect that the 
second investing area is constituted for the interpretation and further elaboration of these 
sensations. These arca.s therefore deserve the names vimo-sensnrij and visuo-psychic' 

2. The precentral gyrus is characterised by the presence of tlic giant-cells 
of Betz and by ‘ a wealth of nerve-fibres immeasurably superior to that of 
any other part ’ (Campbell), and in these resiiects differs from the postcentral 
gyrus. These two gyri, together w’ith the i)aracentral lobule, have long been 
regarded as containing the ‘ motor areas ’ of tho hemisphere ; but Sherrington 
and (iriinbaum have shotra f that in the chimpanzee the motor area never 
extends on to the free face of the ijostecntral convolution, but ‘ occupies 
unbrokenly ihe whole leni^h of the precentral convolution, and in most cases 
the greater part or the whole of its width. It extends into the depth of the 
Rolandic fissure, occupying the anterior wall, and in some places the floor, and 
in some extending even into the deeper part of the posterior w’all of the 
fissure.’ 

Jliftologkal SUidirs on the Loealitatim of CtrebralFunction, Cambridge University Press, 
t Phil. Tram, of Jioyal Society, Series B, vol. exciii. p. ICJJ. 
j Trantdetiom of the Patholoyieal Society of Lwodon, vol. liii. 
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3. In the liippocarapus major the molecular layer is very thick and 
contains a large number of Golgi cells. It has been divided into three strata: 

(a) B. convolutum or s. granulosum, containing many tangential fibres; 

(b) 8. lacunosum, presenting numerous lymphatic or vasculai' spaces; 

(c) s. radiatutri, exhibiting a rich plexus of fibrils. 'Uhe two layers of pyramidal 
cells are condensed into one, and the cells are mostly of large size. The axons 
of the cells in the polymorphous layer may nin in an ascending, a descending, or 
a horizontal direction. Between the polymorphous layer and the ventricular 
ependyma is the white substance of the alveus. 

4. "in the rudimentary dentate convolution the molecular layer contains 
some pyramidal colls, while the layer of pyramidal colls is almost cntii-ely 
represented by small ovoid cells. 

5. The olfactoiy bulb.—In many of the lower animals this contains a 
cavity w'liich communicates through the hollow olfactory stalk with the lateral 
ventricle. In man the original cavity is filled up by neuroglia and its wall 
becomes thickened, but. much more so on its ventral than on its dorsal aspect. 
Its dorsal part contains a small amount of grey and white matter, but it is 
scanty and ill defined. A section through the ventral part (fig. 749) shows it to 
consist of the following layers from without inwards ; (1) A layer of olfactory 


Fio. 749.—Coronal socUon of olfactory bulb. (Schwalbe.) 
W/(i/p suhslancc (dorsal2>arf) 
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nerv'e-fibres, w'hich are the non-mcHiullated axons prolonged from the olfactory 
cells of the nose, and which reach the bulb by passing through the cribriform 
plate of the ethmoid bone. At first they cover the bulb, and then penetrate 
it to end by forming synapses with the dendrites of the mitral cells, presently 
to be described. (2) Glomerular layer .—This contains numerous spheroidal 
reticulated enlargements, termed glomeruli, wfiiich are produced by the 
brandling and arborisation of the processes of the olfactory nerve-fibres wfith the 
descending dendrite of the mitral cells. (3) Molecular layer .—This is formed 
of a matrix of neuroglia, imbedded in w'hich arc the mitral cells. These cells 
are pyramidal in shape, and the basal part of each gives off a thick dendrite 
which descends into the glomerular layer, where it arborises as indicated 
above, and others w'hich interlace with similar dendrites of neighbouring mitral 
cells. The axons pass through the next layer into the white matter of the 
bulb, from which, after becoming bent on themselves at a ri^t angle, they are 
continued into the olfactory tract. (4) Nerve-fibre tei/c*'.—This lies next the 
central core of neuroglia, and its fibres consist of the axons or afferent processes 
of the mitral cells which are passing to the brain; some efferent fibres are, 
however, also present, and terminate in the molecular layer, but nothing is 
known as to their exact origin. 

3 L 2 
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Weight of the encephalon. —The average weight of the brain, in the 
adult male, is 49^ oz., or a little more than 3 lb, avoirdupois; that of the 
female, 44 oz.; the average difference between the two being from 6 to 6 oz. 
The prevailing weight of the brain, in the male, ranges between 46 oz. and 
53 oz.; and, in the female, between 41 oz, and 47 oz. In the male, the 
maximum weight out of 278 eases was 65 oz. and the minimum weight 34 oz. 
The maximum weiglit of the adult female brain, out of 191 cases, was 56 oz., 
and the minimum weight 31 oz. Aeeording to Lusehka, the average weight 
of a man’s brain is 1,424 grammes (about 45 oz.), of a wonjan’s 1,272 grammes 
(about 41 oz.) ; and according to Krause, 1,57() grammes (about 48J oz.) for 
the male, and 1,350 gnammes (about 43 oz.) for the female. It appears that 
the weight of the br.ain increases rapidly uj) to the seventh year, more slowly 
to between sixteeti and twenty, and still more slowly*’ to between thirty and 
forty, w'hen it readies its maximum. As age further fwlvaiuses and the mental 
faculties decline, the brain diminishes .slowly in weight, to the extent of about 


Fro. 750.—Areas of localisation on outer surface of hemisphere. 



tlotor mca in rod. Area of ordinary sensation in blue. Auditory area in green. Yiaual area in yellow. 


an ouncio for each subsequent decennial period. These results apply alike to 
both sexes. 

’The size of the, brain was formerly said to bear a general relation to the 
intellectual capacity of the individual. Cuvier’s brain weighed rather more 
than 64 oz., that of the late Dr. Abercrombie 63 oz., and that of Dupuytren 
62J oz. But these facts are by no means conclusive, and il is well known that 
these weights have been equalled by the brains of persons who never displayed 
any remarkable intellect. Haldeiman, of Cincinnati, has recorded the case 
of a mulatto, ageni 45, whose brain weighed 68f oz.; he had been a slave, and 
was never regarded as particularly intelligent; ho was illiterate, but is said 
to have been reservesd, meditative, and economical. Ensor, district medical 
officer at Port Elizabeth, reports that the brain of Carey, the Irish informer, 
weighed 61 oz. On the other hand, the brain of an idiot seldom weighs more 
than 23 oz. M. Nikiforoff has published an article on the subject of the 
weight of brains in the ‘Novosti.’ According to him, the weight of the brain 
has no influence whatever on the mental faculties. It ought to be remembered 
that the significance of the weight of the brain should depend upon the 
pinportion it bears to the dimensions of the whole body and to the age of 
the,individual. It is equally important to know what was the cause of death, 
for long illness or old age exhausts the brain. To define the real degree of 
development of the bram, it is thert^fore necessary to have a knowledge of 
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the condition of the whole body; and, as this is usually lacking, the mere 
record of weight possesses little significance. 

The human brain is heavier than that of any of the lower animals, except 
the elephant and whale. The brain of the former weighs from eight to ten 
pounds; and that of a whale, in a specimen seventy-five feet long, weighed 
rather more than five pounds. 

Ctrehral Lnealiaation .—Physiological and pathological research have now gone far 
to prove that a considorable part of the sui’face of the brain may bo niapi)ed out into 
a series of more or less definite areas, each of which is intimately connected with some 
well-defined function. 

The chief areas are indicated in figs. 760 and 751. 

Motor areas .—The motor area occupies the pjccentral and frontal gyri and the para¬ 
central lobule, ^’he centres for the lower limb are located on the uppermost part of the 
precentral gyrus and ita continuation on to the paracentral lobule; those for the trunk 
are on the upper portion, and those for the upper liinh on the middle portion of the pre¬ 
central gyrus. The facial centres arc situated on tho lower part of the jirecentral gyrus, 
those for the tongue, larynx, muscles of mastication, and pharynx on the frontal oporcula, 
while those for tho head and neck occupy the posterior end of the mid-frontal region. 


h’la. 751.—Areas of localisation on i ner surface of hemisphciv. 



Sensory areas. —T^tije and. tpmpcraturc senses are located on the postcentral gwus, 
while the sense of fc™ attdsaljifity-ia.ou,lhaiiuxK.“^^^^^ poiietal gyrus and precuneus. With 
regard to the sp^ial senses, the urea for the sense of j^te is pfohaMy related to the uncus 
a nd hipp ocampal gyms. The auditory ai-ea occupies tho*middle third of the sux>erior 
t ej^orall^yruB a nd tiie adjacent in the Sylvian fissure ; the visual area, the calcarine 
tiisiire and ctfpeu^7 the'Sllaefofjnif^^ the'rlimCTijjejVlIalon. As "special centres'6f much 
iBiporttCiice may be noted : the emissive cenfre for speech on the left inferior frontal and 
pr ecentral g yri ; the auditory receptive centre on the marginal and su^ienor temporal gyri, 
anal/ Re^Vlmnri rec eptivd centre dh lKc angular gyrus. 

C^Arat To^f^dj^y.'—Tlie relation of tho principal fissures and convolutions of the 
cerebrum to the outer surface of the scalp has been the subject of much investigation, 
and many aystoms have been devised by which one may localise these 2 >arts firom an 
examination of the external surface of tho hood (llg. 7.52). 

These plans can only be regarded as approximately correct for several reasons; in the 
first jilace, because the relations of the convolutions and sulci to the surface vary in different 
individuals ; secondly, because the surface area of tho scalp is greater than tho surface 
area of tho brain, so that lines drawn on tho one cannot correspond exactly to sulci or 
convolutions on the other; and thirdly, because the suloi and convolutions in two 
individuals aro never precisely alike. Nevertheless, the principal fissures and convolutions 
can be mapped out with sufficient accuracy for all practical purposes, so that any 
particular convolution can he exposed by removing with the trepliine a certain portion 
of the skull. 
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The various landmarks on the outside of the skull, whioh can be easily felt, and which 
serve as indications of the position of the parts l)eneath, have been already referred to 
(see page 280), but there are certain other points or landmarks which require alluding to, 
in order to facilitate the description of the relation of the fissures and convolutions of the 
brain to the external surface of the skull. 

A lino drawn horizontally backwards from the middle of the infra-orbital margin, 
through the centre of the outlet of the external auditory meatus, will represent what is 
known as RM’s bcts a-line. A spot on this base-hne in tho hollow between the tragus of 
the oar anSTKeconef^e of'the mandible is known as tho fre-auricvlar voint. 

The hngitvdinal fissure. —This corresponds to a line drawn from tho nasion to the 
inion. _ ■“ "" “ --**- 

The St/lman fissure. —In order to mark out this fissure, a point must bo defined by 
carrying horizontally backwards a lino for I ji of an inch (thirty-five millimetres) from the 


Fia. 752.—Drawing of a cast by Cunningham to illustrate the relations 
■ of the brain to the skull. 



external angular process of tho frontal bone, and from the posterior extremity of this 
line a vertical line upwards fur half an inch (twelve millimetres); the up^ier end of this 
second line is tho point in question, and is known os the Sylvian poird. It marks the 
spot where the Sylvian fissure dividas. Another and simple plan of defining the Sylvian 
point has beesn devised by E. H. Taylor. He divides the distance betw'een tho 
nasion and inion into four equal parts, and draws one lino from tho junction of tho third 
and fourth parts, reckoning from before backwards, to the external angular process of the 
frontal bone ; and a soc-ond line, from the junction of the first and second segments to 
the centre of tho external auditory meatus. The Sylvian point will be the spot whore those 
two lines cross one another, and tho first lino from this point onwards will lie over the 
posterior limb of tho fissure of Sylvius, The Sylvian line —^that is to say, the line on the 
surface of the skull which lies over the posterior limb of the fissure of Sylvius—is usually 
marked out by drawing a line from the Sylvian point to the lower part of tho parietal 
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eminence. The ascending limb of the hsBure of Sylvius may be marked out by drawing 
a lino upwards, at right angles to tho Sylvian line, for nearly an inch (two centimetres); 
and the horizontal limb by a lino of the same length, drawn horizontally forwards from 
the same point. 

Thefiemreof liolando .—^Thane defines this fissure by taking pant,™ nt n ntm 

apd fi>^es the sujvrinr Bolandic paint at half an inch behind thi£ 
The inferior Rolandic point is defined'^y’afamng aPhe at rigKVanpbs io'Tt'Ee'EiSedihe'oI 
Reid, from tho pre-aurieular point to the Sylvian lino; this it meets about an inch from 
the Sylvian point. By joining these two points, tlte Rolands line, which overlies the 
fissure of Rolando, is mapped out. It forms an yigle ope ni ng f orwards, of about 
s eventy rfegrRPw witili the m^e dia n line, Reid has devised anotKef^ah Tor'mapping but 
this fissure. He draws two perpendicular lines from the base-line to tho top of the 
head; one from the pre-auricnlar point, and tho other from the posterior border of the 
mastoid process at its root. A line drawn from the upper extremity of the posterior 

Fio. 753.—^Relations of tho brain and middle meningeal ar^ry to the surface of the skull. 



1, Naaiou ; 2, Iniua ; 3, T.umbda ; 4, fissure of S.vlviiis ; 0,1’lssuroof Kolaudo. AA, licid's base line; U, Vuiiitlor 
trqibiiuii); tlic anterior braiidi of the middle lueuinKeal artery; C, hnpranicutul triauslc; I), Siipuuid bend 
of Mio lateral alnus; K, Point lor trcpbinlud over the Btraigbt portion of the lateral, sinus, e\poaiug dura mater 
of both cerebrum and cerobellnm. Outline of cerebral bemisphere indicated In blue ; course of middle meningeal 
artery in red. ^ • 

Une to tho point where tho Sylvian line crosses the anterior one would indicate the 
position of tho fissure of Rolando. 

Tho external parieto-oceipital Jissure runs outwards at right angles to tho great longi¬ 
tudinal fissure for about on inch, from a point one-fifth of an inch in front of tho lambda 
(posterior fontanelle). Reid states that if the posterior limb of tho fissure of Sylvius 
be continued backwards to the sagittal suture, the last inch of this line will indicate the 
position of tho sulcus. 

The precentral and posteenJlral sulci aro situated throo-fifths of an inch in front of 
and behind the Rolandic fissure rospoctivoly ; they are nearly parallel with this fissure, 
and extend as low as the Sylvian lino. 

The superior frontal fissure may bo mapped out by drawing a lino from the junction 
of tho upper and middle third of the procentral sulcus, in a direction parallel with the 
longitudinal fissure, to a point midw'ay between the middle line of the forehead and the 
tom^ral ridge, an inch and a half above the supra-orbital notch. 

The inferior frontal fissure follows the course of the suixjrior temporal ridge, commencing 
at the junction of the middle and lower thirds of the precentral sulcus. 
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The inlraparietal fiaaure begins on a level with the junction of the middle and lower 
third of the &sure of Rolando, on a line carried across the head from the back of the root 
of one auricle to that of the other. After passing upwards, it curves backwards, lying 
parallel to the longitudinal fissure, midway between it and the parietal eminence ; it then 
curves downwards to end midway between the lambda and the parietal eminence. 

Tlio lateral ventricles may bo circumscribed, according to Poirier, by describing a 
quadrilateral figure on the side of the head. The upper limit is a horizontal line drawn 
two inches above and parallel with the zygoma: this defines the roof of the ventricular 
cavity. The lower bmit is a second horizontal lino drawn half an inch above the zygoma ; 
this indicates the level of the extremity of the descending horn of the ventricle. Two 
vertical lines—one drawn through the junction of the anterior and middle thirds of the 
zygomatic arch, and the other two inches liehind the tip of the mastoid process—vindicate 
the extent of the anterior horn in front and the jKwterior horn behind. 

Aw lied Anatomy .—Tbo internal capsule is of groat interest to the clinician because 
it is so often the seat of haemorrhage (from the lonticulo-striato and lenticulo-optic arteries, 
Charcot’s ‘ arteries of cerebral haemorrhage ’), or of thrombosis, in patients whose vessels 
are weakened by old ago or disease. A ‘ stroke,’ or ‘ apoplexy ’ is the result; blood is 
effused from the rupt.Tired vessel and tears up the suiToimding brain tissue, and also interferes 
with the neighbouring fibres by the compression set up by its mass. If the haemorrhage is 
sudden and at all large, rapid and complete loss of consciousness follows, with paralysis 
of the opposite side of the body and loss of control over the sphincters. If it is the hinder 
part of the internal capsule that is involved, the paralysis will be more marked in the leg 
than in the arm, and will be associated with hennanaisthesia, and also with homonymous 
hemianopsia (or blindness of the corresponding halves of the tw'o retinae, the patient being 
unable to see objects on the opposite side of the body). If the Incmorrhagc is very extensive 
blood often makes its way into the ventricles, and death may follow in a few hours or days 
without recovery of consciousness, and ^vith hyperpyrexia. If the hajmorrhage is small, 
consciousness is soon regained, and a fair degree of recovery from the paralysis follows, 
particularly in the leg. If the hsemorrhage takes place very slowly, the hemiplegia sots 
in gradually (ingravescent apoplexy), with headache and gradual clouding of the faculties. 
It is the upper motor neuron (see page 880) that is injured in cerebral hsemorrhage ; hence 
the muscles on the affected side of the body become spastic, with increased reflexes, while 
such muscular atrophy as follows is mainly duo to disuse. 


Motor and Sensory Tj{acts 

The anatomy of the various parts of the central nervous system liaving 
been described, a short account will now be given of the course taken by the 
motor and sensory nerve-tracts. The metliods employed in elucidating this 
complex subject have already been referred to (page 804). 

Motor Tj«act (fig. 754) 

The constituent fibres of this tract are the axis-cylinder processes of cells 
situated in the motor area of the cortex. At first they are somewhat widely 
diffused, but as they descend through tlie corona radiata they gradually 
approach eacli other, and pass between the lenticular nucleus and thalamus, 
in the genu and anterior two-tliirdsof the posterior limb of the internal capsule; 
those which occupy the genu are named the geniculate fibres, while the 
remainder constitute the pyramidal fibres. Proceeding downwards they enter 
the crusta or pes of the crus cerebri, the pyramidal fibres occupying the middle 
three-fifths, and the geniculate fibres the innermost fifth' of this structure. 
The geniculate fibres then decussate in tlie middle line w'ith tlic corresponding 
fibres of the opposite side, and end by arborising around the cells of the motor 
nuclei of the cranial nerves. The pyramidal fibres are continued downwards 
into the anterior pyramids of the medulla, and the transit of the fibres from the 
medulla is effected by two paths. The fibres nearest to the anterior median 
fissure cross the middle line, forming the demssation of the ‘pyramids, and 
descend in the opposite side of the cord, os the indirect or crossed pyramidal 
tract. Throughout the length of the spinal cord fibres from this column pass 
into the grey matter, to terminate by ramifying around the cells of the anterior 
horn. The more laterally placed portion of the motor tract does not decussate 
m the medulla, but descends as the direct or uncrossed pyramidal tract; 
these fibres, however, end in the anterior grey horn of the opposite side of the 
spinal cord by passing across in the anterior white commissure. There is 
considerable variation in the extent to which decussation takes place in the 
medulla, the commonest condition being that in which a’oout two-thirds or 
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throe-fourths of the fibres decussate in the medulla and the remainder in the 
cord. 

The axons of the motor cells in the anterior horn pass out as the fibres of 
the anterior roots of the spinal nerves, along wliich the impulses are conducted 
to the muscles of the truiJt and limbs. 

From this it will be seen that all the fibres of the motor tract pass to the 
nuclei of the motor nerves on the opposite side of the brain or cord, a fact 


Fra. 754.—^The motor tract. (Modified from Poirier.) 



which explains why a lesion involving the motor area of one side causes paralysis 
of the muscles of the opposite side of the body. Further, it will be seen that 
there is a break in the continuity of the motor chain: in the case of the cranial 
nerves this break ocems in the nuclei of these nerves; and in the case of the spinal 
nerves, in the anterior horn of grey matter. For clinical purposes it is con¬ 
venient to emphasise this break and divide the motor tract into two portions : 
(1) a series of v/pper motor neurons which comprises the motor cells in the 
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cortex and tlieir descending fibres dowTi to the nuclei of the motor nerves; 
(2) a series of lower motor neurons which includes the cells of the nuclei of the 
motor cranial nerves or the cells of the anterior horns of the cord and their 
axis-cylinder processes to the periphery.* 

Sensoey Tbaot (fig. 755) 

Sensory, impulses are conveyed to the spinal cord through the posterior 
roots of the spinal nerves. On entering the cord these root-fibres divide into 

Fio. 756.—^The sensory tract. (Modifled from Poirier.) 



-■■Postrriur iiervr rools 



descending and ascending branches ; the former soon enter the grey matter : 
of the latter some end in the grey matter after a longer or shorter comiie, while 

• As already mentioned (footnote, jiagn SO.")) a neuron in the posterior horn of the cord 
is probably interposed between each upper and lower motor neuron. 
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others are continued directly into the posterior columns of the cord, where 
they form the fasciculus gmcilis and fasciculus cuneatus. From the cells of 
the posterior horn, fibres arise which cross the middle line and ascend in the 
peripheral part of the lateral column as the tract of Gowers. Certain observers 
maintain that some of the sensory fibres ascend in tlie anterior column. The fibres 
of the fasciculus gracilis and fasciculus cuneatus end by arborising around the 
cells of the gracile and cuneate nuclei, and from these cells the fibres of the mesial 
fillet take origin arid cross to the opjrosite side in tlic (tensory decussation. The 
mesial fillet is then joined by the fibres of Gowers’ tract, which have already 
crossed in the cord, and in its further course receives fibres from the cranial 
sensory nuclei of the opposite side, with the exception of the cochlear division 
of the auditory nerve, Ascendmg thiough the crus, the fillet gives off some 
fibres to the lenticular nucleus and island of Reil, but the greater part of it is 
carried into the thalamus, where most of its fibres terminate—only a small 
proportion being continued directly into the (ici-cbral cortex. From the 
grey matter of the thalamus the fibres of the third link in the chain arise 
and pass to the cerebral cortex. The fibres from the terminal nuclei of the 
cochlear nerve pass upwards in the laterfd fillet, and are carried through the 
posterior part of the internal capsule to the Icmporal lobe. Further, Gowers’ 
tract gives oil’ a fasciculus which reaches ^he cerebellum through its superior 
l)cdunclcs. Jt will be evident, therefore, that in most cases there arc Ihrcc 
cell-stations inlcrposed in the course of the sensory impulses. For clinical 
purposes, therefore, three neurons are described. (1) Tlie scries of lotver 
sensory neurons comprises the cells of the i)osterior root ganglia, and their 
peripheral and central processes. Of the two upper sensory neurons, (2) the 
lower scries inchules the cells of the nuclei cuneati and graciles and their 
processes, while (3) the upper group contains the cells of the thalami and 
the fibres passing from these to tlie cerebral cortex. 

ApjMed Anatomy. —The cliiof symptoms of diseases of the brain aud spinal corddejMjnd 
upon the particular systems of neurons picked out for attack, and some of them may l)e 
briefly summarised as follows. Mtdor paralysis of tho spastic ty^ie, with rigidity of the 
muscles and increased reflexes, follows destruidion of the up]ier motor neurons; Jiaccid 
imralysis, with loss of tho reflexes and rapid muscular atrophy, follow's destruction of the 
low'cr motor neuron. Sensory paralysis follows injury to any part of tho sensory path ; 
in tabes it is dne to injury of the lower sensory neuron, in homiplogia to destruction of the 
upiKsr BoiiHory axon as it traverses the posterior part of the internal eapsule. Dissociatiori 
of sensations, or the loss of some fojins of sensation while others remain unimpaired, is 
seen in a number of conditions such as tabes or syi'ingomyelia ; it shows that the paths 
through which various forms of sensation travel to the brain are different. Abnormalities 
of reflex actions are of very great help in the diagnosis of nervous complaints. Tho 
numerom snperJicialoTskinrejiexes (e.g. the scapular, iiritation of the skinover the scapula 
produces contraction of tho scapular muscles ; tho alwlominal, stroking the abdomen causes 
its retraction ; the cremasteric, stroking the inner side of tho thigh causes retraction of 
that side of the scrotum ; tho plantar, tickling tho solo of the foot brings on plantar flexion 
of the toes), if present, show' that tho reflex ares on w'hoso integrity their existence depends 
arc intact ; but they are often absent in liealth. and so camiot be trusted to indicate disease. 
The deep reflexes or tendon reactions, such as the knee-jerk or tho tondo Achillis jerk, 
are increased in chronic degeneration of, or gradeallyancrcasiug pressure on, the pyramidal 
fibres (upper motor liburon), in nervous or hysterical patients, and when the irritability of 
tho anterior cornual cells (low'or motor neuron) is increased, as happens in tetanus or in 
poisoning by strychnine. They are lo.st when the lower mot or or lower sensory neurons 
are diseased, and in a few' other conditions ; absence of the knee-jerk is very rare in health, 
and suggests disease in some part of its reflex arc, in tho third and fourth lumbar segments 
of tho cord, or else, more rarely, grave intracranial or spinal disease cutting off tho lower 
from the higher nervous centres. The organic reflexes of the imfiil, bladder, and rectum, 
are of tho greatest practical importance. TJie commonest defect in tho reflexes of tho 
pupil is reflex iridoplcgia, or failure to contract on exposure to light, without failure to 
contract on convergence or accommodation {‘ Argyll Robertson ’ pupil). The pupil is 
also contracted (miosis), and may or may not dilate when tho skin of tho neck is pinched 
(the cilio-spinal reflex). Micturition is a spinal roflox much under the control of the brain ; 
if the contre for micturition in tho second sacral segment is destroyed tho sphincter and 
the walls of the bladder arc paralysed, tho bladder becomes distended with urine, and 
incontinence from overflow results. If this centre escapes injury but is cut off more or less 
completely from impulses descending to it from above, there will l)e more or loss interference 
with micturition. This varies in dogroo from the ' precipitate micturition ’ of tabetic 
patients, who must perforce hurry to pass w'ater the moment tho impulse seizes them, to the 
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state of ‘ reflex incontinence,’ when the bladder automatically empties itself from time to 
time, almost without the patient’s knowledge. DefascatloD is a very similar spinal reflex, 
and is liable to very similar disorders of function. 

The Mpper motor neuron (page 889) is affected in hemiplegia, the lower motor neuron 
(page 890) in infantile spinal paraljrsis; both these systems of neurons are diseased together 
in the somewhat rare disorders known as amyotrophic lateral sclerosis and progressive 
muscular atrophy. The cliiof symptom here is wasting and weakness in certain groups 
of muscles ; the palsy will be flaccid, with loss of the reflexes, or sjmstic, with increased 
reflexes, according as the degeneration mainly involves the lower or the upper motor neuron. 
The sphincters are affected only in the later stages of these disetiscs. 

Pathological changes in the lower «ensory neuron are the cause of tabes dorsalis or 
locomotor ataxy, which o<-.curs almost entirely in aclulls who have had syphilis. In tlie 
early or pre-ataxic stage the patient may exhibit the Argyll-Robertson pupil (page 891), 
and loss of the knee-jerks, and complain of sharp, stabbing pains (‘ lightning pains ’) in 
the limbs, difficult or precipitate micturition, and sometimes of severe and painful attacks 
of indigestion (gastric crises). In the second or ataxic stage, coming on perhaps years 
later, he will com))lain, in addition, of interference with his powers of getting about and 
turning, although his muscular strength is well preserved. He is unable to stand steady 
with his eyes shut or in the dark, his gait becomes exaggerated and stamping in character, 
he has to use a stout stick to walk with, and Le may suffer from painful crises in various 
parts of the body. tk)ntrol over the sphincters is further weakened, and on examination 
there will be found marked in co-ordination of the limbs, zones of anaisthesia about the 
trunk or down tlie limbs, and marked analgesia (or insensitivencss to pain) when pressure 
is applied to the bones, tendons, trachea, tongue, eyeballs, mammas, and testes.* The 
ataxy progresses till the third or bed-ridden stage is reached ; control over the sphincters 
is still furtlier lost, and the patient is likely to die of intercurrent disease or of general 
[laralysis of th(' insane. 

No nervous diseivse is recognised as dependent ujton degeneration of either or both of 
the two upper sensory neurons. 


MENINGES OF 'THE BRAIN AND SPINAL CORO 

The brain and spinal cord are enclosed within three membranes. These 
are named from without inwards : the dura mater, the araclmoid membrane, 
and the pia mater. 

Thb OunA Matkr 

The dura mater is a tliick and dense inelastic membrane, which forms 
an external eovering for the brain and spinal cord. The portion which encloses 
the brain diffei-s in several essential particulars from that which surrounds the. 
spinal cord, and therefore it is necessary to describe them separately ; but at 
the same time it must be distinctly understood that the two form one complete 
membrane, and are continuous with each other at the foramen magnum. 

The cranial dura mater lines the inlerior of the skull, and serves the 
twofold pui’pose of an internal periosteum to the bones, and a membrane for 
the protection of the brain. It is. composed of two layers (dosely connected 
togetlier, except in certain situations, where, as already described (page 737), 
they separate to form sinuses for the passage of venous blood. Upon the outer 
surface of the cranial dura mater, in the situation of the longitudinal sinus, 
ma}’^ be seen numerous small whitish bodies, the glandidce Pacchionii. Its 
outer surface is rough and fibrillated, and adiieres closely to the inner surface 
of the bones, the adhesion being most marked opposite the sutures and at 
the base of the skull. Its iimcr surface is smooth and lined by a layer of 
endothelium. It semls-jnwards four processes w'hich divide the cavity of the 
skull into a series of freely communicating compartments, for the lodgment 
and protection of the different parts of the brain; and it is prolonged to the 
outer surface of the skull, through the various foramina which exist at the 
ba<se, and thus becomes continuous with the pericranium; its fibrous layer 
forms sheaths for lluf nerves which pass through these apertures. At the 
base of the skull, it sends a fibrous prolongation into the foramen csecum ; it 
sends a series of tubular prolongations round the filaments of the olfactory 
nerves as they pass through the cribriform plate, and another round the nasal 
nerve as it passes through the nasal slit; p, prolongation is also continued 


* J, Grasset, JLe Tabes, Maladie de la Hentibilite profondo: Montpellier, 1909. 
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thraugh the sphenoidal fissure into the orbit, and another is carried into the 
same cavity through the optic foramen, forming a sheath for tJie optic nerve, 
M’^liich is continued as far as the eyeball. In the posterior fossa it sends a 
process into the internal auditory meatus, ensheathing the facial and auditory 
nerves; anotlier through the jugular foramen, forming a sheath for the 
structures which pass through this opening ; and a third through the anterior 
condyloid foramen. Around the margin of the foramen njagnum it is closely 
adherent to the bone, and is continuous with the spinal dura mater. 

Processes. —The processes of the ci*anial dura mater, which project into 
tlie cavity of the skull, are formed by- reduplications of the inner or 
meningeal layer of tlic membrane, and are four in number: the falx cerebri, 
the tentorium cerebelli, the falx cerebelli, and the diaphragina sellse. 

IhflL jCg/ a; ceiebri, so named from its sicklo-like form, is a strong, arched 
process which descends vertically in the longitudinal fissure between the 
hemispheres of the brain. It is narrow ..m front, where it is attached to the 
crista galli of tha c thmoid; and brqad„ behind, v.'here it is connected with 
the upper surface of the tentorium cerebelli. Ita upper, margin is convex, and 
attaclwid to the inner surface of the skull in the middle line, as far back as 
the internal occii)ital protuberance; it contains the superior longitudinal 
sinus. Its lo\4'er margin is free, concave, and presents a sharp curved edge, 
which contains the inferior longitudinal sinus. 

The tentorium cerebelli (fig. 756) is au..ft}-chod, lamina of dura mater, 
elevated in tlie middle, and inclining downwards towards the circuni- 


Pta. 751).—^Tonioriuin coi-e1)elli seen from above. 
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ference. li .. aa ii w r s the upper surface of the cerebellum, and suppads 
the occipital lobes of the brain. lts..,niiteiriQC'.>. border is free and 
concave, and bound s a large oval opening, the incisura tentorii, for the 
transmission of the crura cerebri. It is attached, behind, by its convex 
border to the transverse ridges upon the inner surface of the occipital bone, 
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and there encloses the lateral sinuses ; in fron t, to the superior margin of the 
petrous portion of the ‘temporal bone either side, enclosing the superior 
petrosal sinuses, and nf, ap^v of lliis bone the free or anterior border and 
the attached or external border meet, and, crossing one another, are continued 
fonvards to be fixed to the anterior and posterior clinoid processes respectively. 
To the middle line of its upper surface the posterior border of the falx cerebri 
is attached, the sticaiglit.sinus being platted at their line of junction. 

The falx cerebelU is a small triangular process of dura mater, received into 
the indentation between the two lateral lobes of the cerebellum behind. Its 
Ijflap. jii attached, above, to the under and back part of the tentorium ; its 
^jgfituiiui muigin, to the lower division of the vert ical crest on the inner surface 
of the occipital bone. As it descends, it sometimes divides into two smaller 
folds, which are lost on the sides of tlio foramen magnum. 

The diaphragma settee is a small circular horizontal fold, which constitutes 
a roof for the seUa turcica. This almost completely covers the pituitary body, 
presenting merely a small central opening for the infundibulum to pass 
through. 

Structure. —The cranial dura mater consists of white fibrous tissue, with 
connective-tissue cells and elastic fibres arranged in flattened laininas which 
are imperfectly separated by lacunar spaces and blood-vessels into two layeis, 
endosteal and meningeal. Tlic endosteal layer is the internal periosteum for 
the cranial bones, and contains the blood-vessels for their supidy. At the 
margin of the foramen magnum it is continuous uitli the periosteum lining 
tlie s|)inal canal. The meningeal or supporting layer is lined on its inner surface 
by a layer of nucleated endothelium, similar to that found on serous membranes : 
these cells were formerly regarded as belonging to the arachnoid membrane. 
By its reduplication the nuMiingeal layer forms the falx cerebri, the tentorium 
and falx cerebelli. and the diaj>hragma sella?. The two laycm arc connected 
by fibi’cs which intersect each other obliquely. 

TJu? arteries of the dura mater arc ^•ery numerous. Tliose in the anteiior 
fossa are the anterior meningeal branches of tlu* anlt'rioi' and posterior 
ethmoidal and internal carotid, and a bjanch from the middle meningeal. 
Those in the middle fossa ai-e the middle and small meningeal of the internal 
maxillary; a branch fiom the ascending phatyngeal, wliich enters the skull 
titrough the foramen lacerum niwlium ; brancJies from the internal carotid, 
and a recurrent branch from the lacluymal. Those in the posterior fossa are 
meningeal branches from the occipital, one of which entcT'S the skull through 
the jugular foramen, and the other through the mastoid foramen; the posterior 
meningeal from the vertebral ; occasional meningeal branches from the 
ascending pharyngeal, which enter the skull tluough the jugular and condyloid 
foramina ; and a branch from the middle meningeal. 

Tlu? veins which return the blood from the cranial dura mater anastomose 
with the diploic veins. Tiiey terminate in the various sinuses, with the 
exception of the two which accompany the middle meningeal artery; tlu!se pass 
out of the skull at the foramen spinosum to join the pterygoid plexus, through 
whi(rh their contents are drained into the internal maxillary vein; above, 
they communicate with the superior longitudinal sinus. Many of the meningeal 
veins do not open dii-ectly into the sinuses, but indirectly tiirough a scries of 
ampulla?, termed venous lacunce. These are found on either side of the superior 
longitudinal sinus, especially near its middle portion, and are often invaginated 
by Pacchionian bodies ; they also exist near the lateral and straight sinuses. 
They communicate with the underlying cerebral veins, and also with the 
dijfioic and emissary veins. 

The nerves of the cranial dura mater are filaments from the Gasserian 
ganglion, from the ophthalmic, superior maxillary, inferior maxillary, vagus, and 
hypoglossal nerves, and from the sympathetic. 

The spinal dura mater (fig. 757) forms a loose sheath around the cord, and 
represents only the irmer or meningeal layer of the cranial dura mater; the 
outer or endosteal layer ceases at the foramen magnum, its place being taken by 
the periosteum lining the sjunal canal. The dura mater is separated from 
the bony walls of the spinal canal by a space, the epidural space, which contains 
a quantity of loose areolar tissue and a plexus of veins ; the situation of these 
veins between the dura mater of the cord and the periosteum of the vertebrae 



THE DURA MATER 


895 


corresponds therefore to that of the cranial sinuses between the meningeal and 
endosteal layers of the cranial dura mater. It is attached to the circumference 
of the foramen magnum, and to the second and third cervical vertebras; it 
is also connected to the posterior common ligament, especially near ilie lower 
end of the spinal canal, by fibrous slips ; it extends below as far as the lower 
border of the second sacral vertebra, where its 
cavity terminates; below this level it closely 
invests the filum terininale and descends to 
the back of the coccyx, wdiere it blends with 
the periosteum. The sheath of dura mater is 
much larger than is necessary for the accommo¬ 
dation of its contents, and its size is greater in 
the cervical and lumbar regions than in the 
thoracic. Its inner surface is smooth. On each 
side may be seen the double openings wliich 
transmit the two roofs of the corresponding 
spinal nerve, the dura mater being continued in 
the form of tubular prolongations on themes they 
pass through the intervertebral foramina. These 
prolongations are short in flic upjjer part i^f the 
spine, but gradually become longer below, form¬ 
ing a number of tubes of fibrous membrane, 
which enclose tlie lower spinal nerves and are 
contained in the spinal canal. 

Structure. —^'rhe spinal dura mater resembles 
in structure the meningeal or supporting layei' 
of the cranial dura mater, consisting of white 
fibrous and elasthi tissue arrangcai in bands or 
lamellae which, for the most iJart, are parallel 
with one another and have a longitudinal 
arrangement. Its internal surhu'c is covered 
by a layer of endothelium, which gives this 
surface its smooth appearance. It is sparingly supplied with blood-vessels, 
and some ferv nerves have beoji t raced into it. 

Subdural space. —Tlie dura mater is separaled from the arachnoid by a 
potential space, the subdural space. The two membranes arc, in fact, in contact 
with each other, except where they are separated by a minute quantity of fluid, 
which just serves to keep the two opposing 8urfa(!es moist. 

Tub Aeaoiinoid Membbane 

The arachnoid membrane is a deliciate membrane which envelops both 
tlie brain and cord, lying between the pia mater internally and the dura mater 
externally. 

The cranial part of the, arachnoid invests the brain loosely, and does not 
dip into the sulci beiwceii the convolutions, nor into the fissures, with the 
exception of the longitudinal fissuie. On the qpper surface of the cerebrum the 
arachnoid is thin and transparent, and may be easily demonstrated by injectmg 
a stream of air beneath it. At the base of the brain the arachnoid is thicker, 
and slightly opaque towards the central part where it extends across between 
the two temporal lobes in front of the pons Varolii, so as to leave a considerable 
interval between it and the brain. 

The spinal part of the arachnoid is a thin, delicate, tubular membrane 
which loosely invests the cord. Above, it is continuous with the cerebral 
arachnoid ; below, it widens out and invests the cauda equina and the nerves 
proceeding from this. Its outer surface is in contact with the inner surface of 
the dura mater, but for the most part the membranes are not connected together, 
though here and there they may be joined together by isolated connective- 
tissue trabecula}, which are most numerous on the posterior surface of the cord. 
The space between the two membranes is the subdural space. 

The arachnoid membrane surrounds the nerves wdiich arise from the brain 
and spinal cord, and encloses thciA in loose sheaths as far as their points of exit 
from the skull and spinal canal. 


Fig. 767.—The spinal cord 
and its membranes. 
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Structure. —^The arachnoid consists of bundles of white fibrous and elastic 
tissue intimately blended togetlier. Its outer surface is covered with a layer of 
endothelium. Vessels of considerable size, but few in number, and, according to 
Bochdalek, a rich plexus of nerves derived from the motor division of the fifth, 
the facial, and the spinal accessory nerves, are found in the arachnoid. 

The subarachnoid space is the interval between the araclmoid and pia 
mater. It is not, properly speaking, a spnee, for it is occupied everywhere by a 
spongy tissue consisting of trabecuhe of delicate connective tissue, and inter¬ 
communicating channels in which the subarachnoid fluid is contained. This 
so-called space is small on the surface of the hemispheres of the brain ; on the 
summit of each convolution the pia mater and arachnoid membrane are in close 
contact; but in the sulci between the convolutions, triangular spaces are left, 
in which the subarachnoid Irabecular tissue is found, for the pia mater dips 
into the sulci, whereas tlie arachnoid bridges across them from convolution to 
convolution. At the base of the brain, in certain situations, the .arachnoid is 
separated by wider intervals from Ihc pia mater, forming larger spaces, which 
have received the name of cisternce, and in tliese the subarachnoid tissue is 
less abundant and the communicating channels larger than in those regions 
when* the two membranes are more closely approximated. 

I’la. 768.—^Diagram showing the positions of the three principal subanaohnoid cistemss. 



The three princijml spaces have been named the cisterna magna, the cisterna 
pontis, and the cisterna basalis (fig. 758) ; but it should be clearly und(*rstood 
that these spaces communicate freely with each other. The cisterna magna 
is a space, triangular on sagittal section, caused by the arachnoid bridging 
over the interval between the medulla and the under surfaces of the 
hemispheres of the cerebellum ; it is continuous with the subarachnoid 
space of the cord at the level of the foramen magnum. The cisterna poniis 
is a considerable interval between the pia mater and the arachnoid on the 
ventral aspect of the pons Varolii. It contains the basihw artery, and is 
continuous behind with the subarachnoid space of the spinal cord, and with 
the cisterna magna ; and in front of the pons with the cisterna basalis. The 
cisterna basalis is a wide iiilerval left between the pia mater and the arachnoid, 
where the latter membrane extends across between the two temporal 
lobes. It encloses the crura cerebri and the structures contained in the 
interpeduncular space, and contains the circle of Willis. In front, the cisterna 
basalis-extends forwards on to the upper surface of the corpus callosum, for 
the arachnoid stretches across from one cerebral hemisphere to the other 
immediately beneath the free border of the falx cerebri, and thus leaves a space 
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in whicli the anterior cerebral arteries are contained. Again, another space is 
formed in front of either temporal lobe by the arachnoid bridging across the 
fissure of Sylvius without dipping down to the bottom of the fissure. This space 
is a prolongation from tlie cistema basalis, and contains the middle cerebral 
artery. The subarachnoid spact* communicates with the general ventricular 
cjivity of the brain by three openings : one of these*, the foramen of Majemlie, 
is in tlie middle line at the inferior boundary of the fourth vtuitricle ; the 
other two are at the (extremities ol tlie lateral re(H!Sses of tlie fourth ventricle, 
behind the upper roots of tlu* glosso-jiharyngoal nerv(*s ; they are named the 
foramina of Key anil Jietziu» or of Lu^chka. Tt is stated by Meckel that the 
lateral ventricles also communicate with the subarachnoid space at the apices 
of their descending horns. There is no direct communication between the 
subdural and subarachnoid sjiaces. 

The spinal part of the subarachnoid space is a very wide interval between 
the arachnoid membrane* and the jiia mat.(*r, and is largest at th(* lower jiart of 
the 8]>inal canal, when* tin* arachnoid membrane encloses the nerves which form 
the cauda equina. Superiorly, it is continuous with the cranial subarachnoid 


Fio. 759.—Dianraniiiiatic reja'cseiitatioii of a section across tlio lop of the skull, 
showing the nicnilminos of the hi'ain, ,.,. 0 . (Modified from Testut.) 
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space, through which it communicates with the general ventricular cavity of the 
brain, by means of the openings, in the roof of the fourth ventricle (foramen 
of Majendie and foramina of Key and Retzius). It is partially divided by a 
longitudinal membranous septum, the septum posticum, W'hich serves to connect 
the arachnoid with the pia mater, opposite the posterior median fissure of the 
spinal cord, and forms a partition, which is incomplete and cribriform above, 
but more perfect in the thoracic region; it consists of bundles of white 
fibrous tissue interlacing with each other. Each of these divisions of the 
spinal subarachnoid space is further subdivided by the Ugamenta denticulata, 
which ivill be described with the pia mater. 

The cerebro-spinal fluid fills up the subarachnoid space. In the spine it is so 
abundant as to completely fill uii the whole of the space included in the dura 
mater. It is a clear limpid fluid, having a saltish taste, and a slightly alkaline 
reaction. According to Lassaigne, it consists of 98’6 parts of water, the 
remaining 1*6 per cent, being solid matters, animal and saline. It varies in 

3 m 
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quantity, being most abundant in old persons, and is quickly secreted. Its 
chief use is probably to afford mechanical protection to the nervous centres, 
and to prevent the effects of concussions communicated from without. 

The glandulae Pacchionii, or arachnoid villi (fig. 759), are small, fleshy- 
looking elevations, usually collected into clusters of variable size, which may 
b(5 seen upon the outer surface of the d<u-a mater, in the vicinity of the superior 
longitudinal sinus, and in some oUum’ situations. Little pits or depressions will be 
found on the corresponding parts of the calvarium, into which these elevations 
are received. Upon laying ojwn the superior longitudinal sinus, villi will be 
found protruding into its interior. They ui’e not glandular in structure, but, 
sujcording to Luschka, are enlarged normal villi of the anichnoid. On each 
aide of the sinus, and communicating with it, are large venous spaces, named 
lacunoB laterales, situated in the dura mater, and into those the villi project. 
As they grow they push tlm thiniud dura mater before th<“m, and cause absorp¬ 
tion of the bone from pF'essure, and so produce the pits or d(!j»r<'Ssions on 
the inner wall of the calvarium. A PatH;hionian body consists of the following 
parts ; 1. In l.hc intciioris a core of subar,achnoid tissue, wliioh is continuous 
with the meshwork of the general subarachnoid tissue through a narrow pedicle, 
by which the J’acchionian body is attached to the arachnoid. 2. Around this 
tissue is a layer of arachnoid membrane, wliicdi limits and encloses the sub¬ 
arachnoid ti.ssue. 3. Outside this, again, is the thinned wall of the lacuna, 
Avliich is separated from Ibc arachnoid covering the body by a space which 
corrcs])onds to and is continuous with the subdural space. L And finally, 
if the body projects into the longitudinal sinus, it will be covered by the greatly 
thinned ujFper walls of the sinus. It will be seen, therefore, that, fluid injected 
into the subarachnoid s])ace will find its way into the Pacchionian bodi(‘s, 
and it has been found experimentally that it passes by osmosis from th('s<? 
bodies into the venous sinuses into whicdi these bodies projecst. The Pacchionian 
bodies are supposed to be the means by whicih excess of ecrebro-spinal fluid 
is got rid of, Avhen its quantity is increased above normal. 

Tliese bodies are not seen in infancy, and very I'arely until the third year. 
They arc usually found after the .seventh year; and from this period tluy 
increase in number as age advances. 

The Pia Mater 

The pia mater is a vascular membrane, consisting of a minute plexus of 
blood-vessels, held together by an extremely line areolar tissue. Tlu; cerebral 
pia mater invests the entire surfacse of the brain, dips down between tlu! 
convolutions and laminai, and is prolonged into the interior, as an invagination 
forming the velum interpositum or teda chorioidea superior, and the <‘boroid 
plexuses of the lateral and third ventricles. As it passes over the roof of the 
fourth ventricle, it forms the tela chorioidea inferior and the choroid plexuses 
of this ventricle. Upon the surfaces of tin* bemis])heres, Avhere it covers the 
grty rnatU'r of the convolutions, it gives off from its inner surface a multitude 
of sheaths, Avhicb surround rninutc! vessels, that t“xtend perja'ndicularly for 
some distance into the cerebral substance (sec fig. 589, page 653). On the 
cerebellum the membrane is more delicate ; the vessels from its inner surface 
are shorter, and its relations to the cortex are not so intimate. 

The spinal pia mater is thicker, firnier, and less vascular than that of the 
brain : this is due to the fact that it consists of two layers, the outer or 
additional one being composed of bundles of connective-tissue fibres, arranged 
for the most part longitudinally. Between the layers are cleft-like spaces 
which communicate with tlu* subarachnoid space, and a number of blood- 
v(*ssel3 which are enclosed in perivascular lymphatic sheaths. The spinal pia 
mater cov(*.rs the entire surface of the cord, and is very intimately adherent 
to it; in front it sends a process backwards into the anterior fissure. A 
longitudinal fibrous band, called by Haller the linea splendens, extends along 
the middle line of the anterior surface ; and a somewhat similar band, the 
ligamerUvm denticulatum, is situated on either side. At the point where the cord 
terminates, the pia mater becomes contracted and is continued down as k long, 
slender filament (filum terminale), which descends through the centre of the 
mass of nerves forming the cauda equina. It blends with the dura mater at the 
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level of the lower border of the second sacral vertebra, and extends downwards 
as far the base of the coccyx, where it blends with the periosteum. It 
assists in maintaining the cord in its position during the movements of the 
trunk; and is, from this circumstance, called the ce-tUral ligament of the cord. 

The pi a mater of both the brain and the spinal cord forms sheaths for the 
nerves as they emci’gc from the central nervous matter. This slieath is closely 
connected with tlio nerve, and blends with its common membranous investment. 

The lig^amentum denticulatum 
(figs. 757, 760) is a narrow fibrous band 
situated on either side of the spinal cord 
throughout its entire length, and separat¬ 
ing the anterior from tint posterior roots 
of tlie spinal nerves. It has received 
its name from the serrated appearance 
wliich it presents. Its inner border is 
continuous with the pia mater at the 
side of th(j «5ord. Its outer border pre¬ 
sents a scric's of triaiigular tooth-like 
jirocesscs, the points of which are fixed 
at intervals to tin* dura mater. These 
processes arc twc'nly-one in number, on either side, the first being attached 
to the dura mater, op[M>site the margin of the foram(*,n magnum, between 
the v(*.Ttebral artery and the hypoglossal nerv<s ; and the last near the lower 
end of the cord. Its function is to support the <iord in the fluid by which it is 
surrounded. < 

Applied Aruttoniij. —l^vidcuco of great value in the (liagiiosis of inoningitis may some- 
timos bo obtained by puncturing the membranes of the cord and withdrawing some of the 
ccirebro-spinal fluid ; moreover tlie operation of lumbar puncture is in many cases curative, 
under the supposition that the draining of some of ttie corcbro-spinal fluid relievos tlie jiaticnt 
by diminishing the intracranial pressure. The ojK-ration is performed by inserting a trocar, 
of tlie smallest size, lietwcon the lamiiuc of the third and fourth, or of tin* fourth and fifth 
lumbar vertebr.'p, through fhe ligamentum subflavurn. The spinal cord, even of a child 
at birth, docs not reach below the third lumbar vertebra, and therefore the canal may l>e 
jmnetured between the third and fourth lumbar vertelirai without any risk of injuring 
this structure. The point of jmneture is indicated by laying the child on its side and 
drop[)ing a jtcrpcndienlar line from the highest |)oint of the crest of the ilium ; this will 
cross the u})[)er border «)f the spine of the fourth lumbai' vertebra, and will indicate the 
level at which the trocar should bo inserted a little to one side of the middle line. The 
puncture may reijuirc to be repeated more than once, and the greatest precaution must bo 
taken not to allow septic infection of the meninges. If there be any appreciable increase 
of prcHsim*. the fluid will flow through tho trocar with the greatest freedom. 

In addition to the ooiistitutioual signs and symptoms of fever, acute npinal meningitis 
cvliibits eertain charaoteristie features. Pain and tenderness to pressure along tho spinal 
column are common, and so are pains in the limbs or round the trunk from irritation of 
the posterior nerve-roofs by Iho inflammatory products. Irritation of tlie anterior nerve- 
roots is slioAVTi by the increased tone of the muscles, which may go on to the point whore 
they pass into a state of spasm with much increased reflexes ; this is often seen in tho 
retraction of the head and neck. I.at'or hi the. disease the reflexes are often lost, when, 
also, tho urine and faeces mfiy he passed involuntarily. 


Fio. 700.—Transverse section of the 
spinal cord and its membranes. 



CRANIAL NERVES (NERVI CEREBRALES) 

'fhere are twelve pairs of craiual nerves ; they are attached to the brain 
and are transmitted through foramina in the base of tJie cranium. Taken in 
their order, from before backwards, tJie different pairs are named as folloAvs : 


Ist. Olfactory. 

2nd. Optic. 

3rd. Motor oouli. 

4th. Trochlear (Pathetic). 
5th. Trifacial (TVigeminus). 
6th. Abducent. 


7th. Eacial. 

8th. Auditory. 

9th. Glosso-pharyngeal. 

10th. Pneumogastric or Vagus. 
11th. Spinal accessory, 

12th. Hypoglossal. 


The area of attachment of a cranial nerve to the surface of the brain is 
termed its superficial or apparent origin. The fibres of the nerve can, in all 
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cases, be traced into the substance of the brain to a special centre of grey matter, 
termed tiie nmleus. The motor or efferent cranial nerves arise from 
groups of nerve-cells situated within the brain, and such groups of cells 
constitute their nuclei of origin. The sensory or afferent cranial nerves 
arise outside the brain from groups of nerve-cells or ganglia derived from the 
neural crest or ganglion ridge, and situated on the trunks of the nerves ; these 
ganglia must therefore be looked upon as their nuclei of origin. The central 

IM’oeesses of these ganglion-cells 
Fio. 761.—^Nerves of septum of nose. grow into the brain, and there 
Right side. end arborising around the cells 

of certain nuclei or collections of 
iKTve-eells, which are termed their 
nuclei of termination. The nuclei 
of origin of the motor nerves and 
the nuclei of termination of the 
sensory nerves art? brought into 
relationshi]) with the cerebral 
cortex, the former through the 
genieulat(‘ bundle of the internal 
«'a])sule. (he latter through the 
fillet. 'I’hc geniculate fibres arise 
fr(*m the cells of the motor area 
of the cortex, and, after <!rossing 
the middle line, end by arborising 
around the cells of the nuclei of 
origin of the motor nerves. On the 
other hand, fibres arise from the 
cells f)f the nuclei of termination 
of the sensory nervals, and after crossing tin* O|)])osit(' side, join the filkd, 
and thus conm'ct iliese nuclei, directly or indirectly, with tin* e<‘r«‘hral cortex. 
As already stated in the chapter on Em bryology (p.ige 127), the cranial lU'rves, 
with the exception of the first and .second, ai’c develo^x'd in a similar manner 
to the spinal nerves. 

Fikst Nkuve (fig. 761) 

The Olfactory nerves (nn. olfactenii) are the nerves of smell, and are 
distributed to the mucous membrane of tin? olfactory legion of the nose : this 



Fio. 7(i2. — Plan of olfactory neurons. 



region eomprisi's the superio^^^w^iHiit^.pfeeeB8 of the ethmoid, and the 
coiTCsponding part of the nasal septum. The nerves originate from the central 
or deep processes of the olf^tory cells of the nasal mucous membrane. They 
form a plexiform network in the mucous membrane, and are then collected 
mto about twenty branc'hc^s, which pierce the cribriform plate of the ethmoid 
bone m two ipoups, an outer and an inner, and terminate in the glomeruli of 
the olfactory bulb (figs. 749 and 762). Each branch receives tubular sheaths 
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from the dura mater and pia mater, the former being lost in the periosteum of 
the nose, the latter in the neurilemma of the nerve. 

The olfactory nerves differ in structui’e from other nerves in being composed 
exclusively of non-medullated fibres. They consist of axis-cylinders with 
distinct nucleated sheaths, in which there are, however, fewer nuclei than are 
found in ordinary non-medullated nerve-fibres. 

The olfactory centre in the cortex is generally associated with the 
rli inencephalon (p. 863). 

Applied Anatomy .—Tn severe injuries to tiie head involving the anterior fossa of the 
base of the skull, the olfactory bulb may become sei)aTated from the olfactory nerves, 
thus producing loss of smell {anosmia), and witli this there is a considerable loss in the 
sense of taste, sincA* much cf the perfection of the sense of taste is due to the substances 
being also odorous, and simultaneously exciting the sense of smell. 

Anosmia often occurs after influenza or other acute infection of the nose. Parosmia, 
or a perversion of the sense of smell, may occur in lesions of the cortical olfactory centres, 
or in insanity. 

Second Nerve (fig. 763) 

The Second or Qpticjierye (n. opticus), the nerve of sight, is distributed 
exclusively to the eyeball. The nerves of o pposite sides .are connected together 
at the commissure, and from the back of the commissure they may bo traced to 
the brain, und(T the name of the optic tracts. 

The optic tract, at its coimeetioii with the brain, is divided into tuo bands, 
external and internal. The cxtenml band is the largei-; it tu'iscs from the 
external geniculale body and from fhe.pulvinar of the thalamus, and is 
partly continuous with tins brachium of the upper quadrigeminal body. The 
intcmal band curves round the cTusta, aiid (aids in the iTit«'nial geniculate body ; 
its fihies are merely commissural, forming Cudden’s commissure. From these 
origins the tract winds obliquely across the under surface of the crus cerebri in 
the form of aflattenedband, andisattached 

to the crus by its anterior margin. It then Fia. 763.—The left optic nerve and 
assumes a (sylindrical form, and, as it passes oj)tic tracts, 

forwards, is comusited with tlu; tuber (dne- 
reum and lamina termhialis. It finally 
joins with the tract of the opposih; side to 
form the optic commissure. 

Tlie optic commissure or chiasma, some- 
wluit quadrilateral in form, r(isls upon tlie 
olivary «*nuti(!nce and on the anterior part 
of tlu! diaphragma sella?, being bounded 
above, by the lamina terminalis ; b(?hind, 

•<y the tiiber einereum ; on either side, by 
tlie anterior perforated space. Within tin? 
commissure, the oi)tic nerves of the two 
sides undergo a partial decussation. 'Dk! 
fibres which form the inner margin of each 
tract and ]>osterior part of the commissure 
have no connectidn with the optic nerves. 

Tliey simply pass across the (sommissure 
from one hemisphere of the brain to 
the other, and connect the internal geni¬ 
culate bodies of the two sides. They are known as the commissure of Oudden. 
The remaining and principal part of the commissure consists of two sots of 
fibres, crossed and uncrossed. The. crossed, which are the more numerous, 
occupy the central part of the commissure, and pass from the optic nerve of one 
side to the optic tract of the other, decussating in the commissure with similar 
fibres of the opposite optic nerve. The uncrossed fibres occupy the outer part 
of the chiasma, and pass from the nerve of one side to the tract of the same side.* 

The great majority of the fibres of the optic nerve (fig. 764) consist of the 
afferent axons of nerve-cells in the retina ; a few, however, are efferent fibres, and 
grow out from the brain. They become meduUated during the last month of 

* A Rpocimen of congenital absence of the optic cotnmissnre is to be found in the Museum 
of the Westminster Hospital. See also Ilenle, Nerrenlehre, p. 3S)3, cd. 2. 
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foetal life. The afferent fibres end in arborisations around the cells in the external 
geniculate body, pulvinar, and upper quadrigeminal body, which constitute 
the lower visual centres. From these nuclei other fibres are prolonged to the 
cortical visual centre, which, according to most observers, is situated in the 
cuneus, and in the neighbourhood of the calcarine fissure. 

Some fibres are detached from the optic tract, and pass through the crus 
cerebri to the nucleus of the third nerve. These fibres are small, and may be 
regarded as afferent branches for tlic Sphincter pupillaj and Ciliary muscles. 
Other fibres pass to the cerebellum through its sujrerior peduncles, while others, 
again, are lost in the pons. 

Fio. 764.—Scheme showing central connections of the optic nerve and o})tic tract. 



The optic nerves arise from the fore part of the commissure, and, diverging 
from one another, each becomes rounded in form and firm in texture, and is 
enclosed in a sheath derived from the pia mater and arachnoid. As the nerve 
passes through the corresponding optic foramen, it receives a sheath from the 
dura mater; and as it enters the orbit this sheath divides into two layers, 
one of which becomes continuous with the periosteum of the orbit; the other 
forms the proj)er sheath of the nerve, and surrounds it as far as the sclera. 
The nerve passes forwards and outwards through the cavity of the orbit, 
pierces the sclera and the choroid coat at the back part of the eyeball, about 
one-eighth of an inch to the nasal side of its centre, arid expands into the 
internal layer of the retina. A small artery, the arteria centralis retince. 
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perforates the optic nerve a little behind the globe, and runs along its interior 
m a tubular canal of fibrous tissue. It supplies the inner surface of the 
retina, and is accompanied by con’esponding veins. The retina is described 
with the anatomy of the eyeball. 

Applied Anatomy .—The optic nerve is iwouliarly liable to Income the-saat-of aeoiitis 
or undorgo atrophy in aifcctioos of the control nervous system, and ae a rule the patho¬ 
logical relationship between the two affections is exceedingly difficult to trace. There are, 
however, certain points in connection with the anatomy of this nerve which tend to throw 
light upon the frequent association of these affections with intracranial disease. (1) From 
its mode of development, and from its structure, the optic nerve must be regarded as a 
prolongation of. the hraio^aubstaucc, rather than as an ordinary cerebro-spina! nerve. 
(2) As it passes from the brain it_ree.eivos sheaths from the three cerebral .membranes, 
a perineural sheath from the pia mater, ^n intermediate sheath from the aiachnoid, 
and an outer sheath from the dura mater, which is also connected with the periosteum 
as it passes through the optic foramen. These sheaths are separated from each other by 
spaces- which communicate with the subdural and subarachnoid spaces respectively. 
The innermost or perineural sheath sends a process around the artoria centralis retime into 
the interior of the nerve, and enters intimately into its structure. Thus inflammatory 
affections of the meninges or of the brain may readily extend along these spaccis, or along 
the interstitial connective tissue in the nerve. 

The course of the fibres ia.tha.optio commissure has an important pathological bearing, 
and has boon the subject of much controversy. Microscopic examination, experiments, 
and pathology all seem to point to the fact that there is a partial decussation of the 
fibres, each optic tract supplying the corresponding half of each eye, so that the right 
tract supplies the right half of each eye, and the left tract the left half of each eye. At the 
same time OharcQt..l:)qlioves, and his view has met with general acceptation, that the fibres 
which do not decussate at the optic commissure have already decussated in the corpora 
qiiodrigemina, so that the lesion of the cerebral centre of one side causes complete blindness 
of the opjiosite eye, liecausc both sets of decussating fibres arc destroyed ; whereas if one 
tract, say the right, bo destroyed by disease, there will l»e blindness of the right half of both 
retinas. 

An antero-posterior secition through the commissure would divide the decussatmg 
fibres, and would therefore produce blindness of the inner half of each eye ; while a section 
at the margin of the side of the optic commissure would produce blindness of the exfePHal 
half ^the retina of the same side. An early symptom of tumour-growth in the pituitary 
^o3y would be pressure on the commissure. 

The optic nerve may also be affected in injuries or diseases involving the orbit; in 
fractures of the anterior fossa of the base of the skull; in tumours of the orbit itself, or 
those invading this cavity from neighbouring parts. 


Third Nerve (figs. 765, 766, 767, 769) 

The Third or Mot or - ^c uli-nerve (n. oculornotorius) supplies all the muscles 
^hhoorbit, except the Superior oblique and External rectus ; it also supplies, 
through its connection with the ciliary ganglion, the Sphincter muscle of the 
iris and the Ciliary muscle. It is a rather large nerve, of rounded form and 
firm texture. 

The fibres of the third nerve acige-from a nucleus which lies in the grey 
matter of the floor of the aqueduct of Sylvius and extends in front of the 
aqueduct for a sl^ort distance into the floeff' of the third ventricle. From 
their nucleus of origin the fibres pass forwards through the tegmentum, the rod 
nucleus and the inner part of the substantia nigra, forming a series of curves 
with their convexity outwards, and craei^e from the oculo-motor sulcus on the 
inner side of the crus cerebri. 

The nucleus of the oculo-motor nerve docs not consist of a continuous 
column of cells, but is broken up into a number of smaller nuclei, which may be 
arranged in two groups, anterior and posterior. Those of the posterior group 
are six in number, five of which are symmetrical on the two sides of the middle 
line, while the sixth is centrally placed and is common to the nerves of both 
sides. The anterior group consists of two nuclei, an antero-intemal and an 
antero-external (fig. 765). 

The nucleus of the third nerve is said to give fibres to the seventh nerve, 
which probably supply the Orbicularis pali>ebrarum, Corrugator supercilii, and 
anterior belly of the Occipito-frontalis.* It is also connected with the nuclei 


* See foobiote, p. 841. 
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of tho fourth and sixth nerves, with the cerebellum, upper quadrigeminal body 
and cortex of the occipital lobe of the cerebnim. 

The nucleus of the third nerve. 


Fia. 765.—Figure showing the dif¬ 
ferent groups of cells, which consti¬ 
tute, according to Perlia, the nucleus 
of origin of the motor oculi nerve. 
(Testut.) 
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considered from a physiological stand¬ 
point, can be subdivided into several 
smaller groups of cells, each group 
controlling a particular muscle. The 
nerves to the difTcrent muscles appear 
to take their origin from behind for¬ 
wards, as follows : Inferior oblique, In¬ 
ferior rectus, Superior rectus, Levator 
})alpebra?, and Internal rectus ; while 
from the anterior end of the nucleus 
the fibres for accommodation and for 
the Sphincter pupillac take their origin. 

On emerging from the brain, the 
nerve is invested with a sheath of 
pia mater, and enclosed in a prolonga¬ 
tion from the arachnoid. It passes 
between the superior cerebellar and 
posterior cerebi'al arteries, and then 
pierces the dura mater in front of 
and external to the posterior clinoid 
process, passing between tlie free and 
attached borders of the tentorium, 
wliieli are prolonged forwards to b<^ 
connected Avith the anterior and pos¬ 
terior clinoid processes of the sphenoid 
bone. It i)asses along the outer wall 
of the cavernous sinus, above the 
other orbital nerv<‘s, rec<-iving in its 
course one or two filaments from the 
cavernous plexus of the sympathetic, 
and a communicating branch from the 
first division of the fifth. It then 
divides into two branches, w'liicli enter 
the orbit through the sphenoidal 
fi.ssure, Iwtween the two heads of the 
External rectus muscle. On passing 


1^0. 766.—Plan of the motor oculi nerve. (After Flower.) 
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through the fissure, the nerve is placed below the fourth nerve and the frontal 
and lachrymal branches of the ophthalmic nerve, while the nasal nerve is 
placed between its two divisions. 
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The superior division (ramus superior), the smaller, passes inwards over 
the optic nerve, and supplies the Superior rectus and Levator palpebroe. The 
inferior division (ramus inferior), the larger, divides into three branches. One 
passes beneath tiie optic nerve to the Intcnuil rectus ; another, to the Inferior 
rectus; and the third, the longest of'the throe, runs forwards between the 
Inferior and External recti to the Inferior oblique. From this latter a short 
thick branch (radix brevis gangUi eiliaris) is given off to the lower part of the 
lenticular ganglion, and forms its inferior root. All these branches enter the 
muscles on their ocular surfaces, with the exception of the nerve to the Inferior 
oblique, u'hich enters the muscle at its posterior border. 


Applied Anatomy .—Paralysis of the third nerve may be the result of many causes, 
such as cerebral disease ; or conditions causing pressure on the cavernous sinus ; or 
{wriostitis of the bones entering into the ft)rrnation of the Kjihenoidal lissure. It results, 
when complete, in (J) ptosis, or drooping of the ujijjer eyelid, in eonsecpience of tlie Levator 
palpebrsB being paralysed ; (2) external strabismus, on account of tlie unopposed action 
of the External rectus and Superior oblique muscles, ■which arc not aupj)licd by the third 
m*rvo and are therefore not paralysed ; (3) dilation of the pupil, because the sphincter 
fibres of the iris are paralysed ; (4) loss of power of acc/ommodation and of contraction on 
exposure to light, tus the Sphinctesr jnipilla?. the ('iliary muscle, and the Internal rectus are 
paralysed; (5) slight prominence of the eyeball, owing to most of its muselos being relaxed ; 
(6) the patient will complain most of the diplojna, or double vision that occurs, the false 
image lieing highei' than the true, and the separation of the two imag«!S increasing with 
movements inwards. Occasionally paralysis may aiToct only a part of the nerve—that is 
to say, there may for exampie, a. • 

dilated and fixed pupil, with ])fosis, _„ , , 

but no other signs. Irritation of the I'iCi. /b7. IVervcs of the orbit, 

nerve causes s}>asm of one or other of Scon from above, 

the muscles supplied by it; thus, thci’o 


may be internal strabismus from 
spasm of the Internal retitus ; accom- 
inodation for near objects only, from 
sjiasm of tVui Ciliary muscle ; or miosis 
(contraction of the pupil) from irrita¬ 
tion of the S[)hinctor of tfie pupil. 

The tliird nerve is [jarticularly 
liable to Viccome involved in a 
syphilitic periarteritis as it leaves 
the base of the brain, wlion passing 
between the j)o.stcrior »-erebral and 
superior cerebellar arteru's ; associated 
with locomotor ataxia various ])artial 
or comjdeto paralyses of the nerve are 
often soon. 

Fourth Nehvk (fig. 767) 

The Fourth or Trochlear 
nerve (n. trochleari8),the smallest 
of the cranial nerves, sup^dics 
the Superior oblique muscle of 
the eyeball. 

It arises fronj a mudous 
situated in the floor of tJic 
Sylvian aqueduct, opposite llie 
upper part of the lower quadri¬ 
geminal body. lYom its origin 
Ihe nerve runs outwards and 
downw'ards through the tegnlou- 
turn, and then turns batJkwards 
and inwards into the upper part 
of the valve of Vieussens. Here 
it decussates -with the corre¬ 



sponding nerve of the opposite 

side and emerges from the surface of the valve at the side of the fracnulum 
veli, immediately behind the lower quadrigeminal body. 
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Emerging from the valve of Vieussens, the nerve is directed outwards across 
the superior peduncle of the cerebellum, and then winds forwards round the 
outer side of the crus cerebri, immediately above the pons Varolii, pierces the 
dura mater in the free border of the tentorium cercbelli, just behind, and external 
to, the posterior cliiioid process, and passes forwaMs in the outer wall of the 
cavernous sinus, between the third nerve and the ophthalmic! division of the 
fifth. It crosses tlie third nerve, and enters the orbit through the sphenoidal 
fissure. It now becomes the higiiest of all the nerves, and lies at the inner 
extremity of the fissure internal to the frontal nerve. In the orbit it passes 
inwards, above the origin of the Levator palpebrse, and finally enters the 
orbital surface of the Superior oblique. 

Branches of communication. —In the outt!r wall of the cavernous sinus the 
fourth nerve forms communications with the o})hthalmic division of the fifth and 
with the cavernous plexus of the sympathetic. In the sphenoidal fissure it occa¬ 
sionally gives off a branch to the lachrymal nerve. Branches of distribution .— 
It gives off a recurrent branch, which passes backwaids between the layers of 
the tentorium, dividing into two or three filaments which may be traced as far 
back as the wall of the lateral sinus. 

Applied Anatomy .—When tlie fourth nerve is paralysed there is loss of function in the 
Superior oblique, so that the patient is unable to turn his eye downwards and outwards. 
Should the patient attempt to do this, the eye of the affected side is twisted inw'ards, 
producing diplopia or double vision. Single vision exists in the whole of the field so long 
as the eyes look above the horizontal plane, but diplopia occurs on looking downwards. 
To counteract this the patient holds his head forwards, and also inclines it to the sound side. 

Fifth Nerve 

The Fifth or Trifacial nerve (n. trigeminus) is the largest cranial nerve. 
It resembles a spinal nerve : (1) in arising by tw'o roots, a mol^r aryl» seiisory ; 
and (2) in having a gan glion developed on its sensory root. It is the great 
sensory .aervo of the head, and face, and the motor nerve of the muscles of 
mastication. It divides into tliree divisions, tJic first and second of w'hioh are 
entirely sensory, the tliird is partly sensory and partly motor. 

It emerges from the side of the pons Varolii, near its upper border, by a small 
motor and a large sensory root—the former being situated in front and to the 
inner side of the latter. 

The fibres of the motor root.arise from two nuclei, an upper and a lower. 
The yjvppr ttnAp/iui consists of a strand of cells which occupies the whole lengtli of 
the lateral portion of the grey matter of the Sylvian aqueduct. The lower or 
cMeJaiucletis is situated in the upper part of the pons Varolii, (ilose to its dorsal 
surface, and along the line of the lateral margin of the fourth ventricle. The 
fibres from the upper nucleus constitute the mesencephalic or Sylvian root : they 
descend through the mid-brain, and, entering the pons, join with the fibres from 
the lower nucleus; and the motor root, thus formed, passes forwards through the 
pons to its point of emergence. 

Tim fibres, of the ^er ^ry wot arise from the cells of the Gasserian ganglion 
which lies in a cavity of'tlie duTa mater near the apex of the petrous part of the 
temporal bone. They pass backwards and inwards below the superior petrosal 
sinus and tentorium cercbelli, and, entering the pons, divide into upper and lower 
roots. Xhe„upq)er root terminates partly in a nucleus which is situated in the 
pons on the outer side of the low'cr motor nucleus, and partly in the locus 
cooruleus ; tha.lower JCPQt descends through the pons and medulla, and ends 
in the upper part of the substantia gclatinosa of Rolando. This lower root is 
sometimes named the ascending root of the fifth nerve. MeduUation of the 
fibres of the sensory root begins about the fifth month of foetal life, but the 
whole of its fibres are not medullated until the third month after birth. 

The Gasserian ganglioiK (ganglion semilunare) occupies a cavity {cavum 
Meckelii) in the dura mateiTwhich is situated on a depression near the apex 
of the iietrous part, of the temporal bone. It is somewhat crescentic in shape, 
with its convexity directed forwards ; internally it is in relation with the internal 
carotid artery and the posterior part of the cavernous sinus. The motor root 
rans forwards and outwards in front and to the inner side of the sensory root, 
and then passes below the ganglion without having any connection with it; 
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it leaves the skull through the foramen ovale, and, immediately below this 
foramen, joins the inferior maxillary nerve. Besides the motor root, the large 
superficial petrosal nerve lies underneath the ganglion. 

Branches of communication. -This ganglion receives, on its inner side, fila¬ 
ments from the carotid plexus of the sympathetic. Branches of distribution. —It 
gives off minute branclu® to the tentorium cerebelli, and to the dura mater in the 
middle fossa of the cranium. From its convex border, wliich is directed for¬ 
wards and outwards, three large branches proceed, viz. the ophthalmic, superior 
maxillary, and inferior maxillary. The ophthalmic and superior maxillary 
consist exclusively of fibres derived from the ganglion, and are solely nerves of 
(sommon sensation. T'he tliird division, or inferior maxillary, is joined outside 
tlic cranium by the motor root, and is, therefore, strictly sjwaking, the only 
portion of the fiftli nerve wliich can be said to resemble a spinal nerve. 

Associated with the three divisions of the fifth nerve arc four small ganglia. 
Tlie ophthalmicgaiujlion is connected with the first division ; the spheno-palatinx, 
or Meekers ganglion with the second; and tlie otic and submaxillary ganglia 
with the third. All the four receive sensory filaments from the fifth, and motor 
and sympathetic filaments from various sources ; these filaments are called 
tli(‘ roots of the ganglia. 

OPHTirALMio Neuvk (figs. 767, 768, 769) 

Tlie Ophthalmic nerve (n. ophthalmicus), or first division of the fifth, is a 
sensoryjicr>’e. It supplies sensory br.anches to the cornea, ciliary muscle, and 
ffis ; to the lachiymal gland and conjunctiva; to a part of the mucous membrane 
of the nasal fossae ; and to tlu' inti'gument of the eyelids, eyebrow, forehead, and 
nose. It is the smallest of the three divisions of the fifth, and arisesirom the 
upper part of the Gassciiau ganglion as a short, flattemed band, about an 
inch in length, whicii passes forwards along the outei' wall of the cavernous 
jiijjjus, below tlie third and fourth nerves ; just before entering the orbit. 


Fio, TOO.—Xerves of the orbit and ophthalmic ganglion. Side view. 



through the sphenoidal fissure, it divides into three branches, lachrymal, 
frontal, and nasal. 

Branches of cmnmunication. —The ophthalmic nerve is joined by filaments 
from the cav(*rnous ph^xus of the sympathetic, and communicates with the third, 
fourth, and sixth nerves. 

Branches of distribution. —The ophthalmic nerve gives off a recurrent filament 
which passes between the layers of the tentorium; it then divides into: 

Lachrymal. Frontal. Nasal. 
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The lachrymal nerve (n. lacriinalis) is the smallest of the three branches 
of the ophthalmic. It sometiracs receives a filament from the fourth nerve, 
but this is possibly derived from the branch of communication which passes 
from the ophthalmic to the fourth. It passes forwai-d in a separate tube of 
dura mater, and enters the orbit through the narrowest part of the sphenoidal 
fissure. In the orbit it runs along the upper border of the External rectus 
muscle, with tlio lachrymal artery, and communicates Avith the temporo-iualar 
branch of the superior maxillary. If enters the lachrymal gland and gives off 
several filaments, which supi)ly the gland and the conjunctiva. Finally it 
I»icrccs the superior palpebral ligament, and terminates in tlic integument 
of the upper eyelid, joining with filaments of the facial nerve. The laclirymal 
nerve is oecasiomilly absent, and in such cases its place is taken by the 
tentporal branch of "the superior maxillary. Sometinu's the latter branch is 
absent, and a continuation of the lachrymal is substituted for it. 

The frontal nerve (n. frontalis) ia..theiai'geat division of the ophtludmic, 
and may be regarded, both from its size and dijcotion, as the continuation 
of the nerv(i. It entei-s the oihit through the sphenoidal fissure, and runs 
forwaitls along the middle line, between tJie Levator palpebrse and the 
periosteum. I^du'ay between the apex and base of the orbit it divides into 
two bramdtes, supratrochlear and supraorbiifd. 

T^liS. &wa trocMen^ nerve (n. supratroclilearis), the smaller of the two, 
inwardsj, ^ovc llie pulley of the Sup(‘rior oblique muscle, and gives off a 
descending filament, which joins with the iufratrochlear branch of the mtsal 
nerve. Tt then escapes from ilie orbit bctAvqen the pulley of the Superior 
oblique and the supraorbital foramen, curves up on to the forehead close to 
the bone, ascends bene-ath the Corrugator supercilii and Occipito-frontalis 
muscles, and dividing inte bramdies, which pierce these muscles, it supplies 
the integu}uent of tl»e lower part of tlic forehead ou either side of the 
middle line and sends filaments to the conjunctiva and skin of the uimer 
eyelid. 

The- Vipnmlttinl wwrw (n. supraorbitalis) passes forwards through.Jhe 
Bupraorbitai-ioBiunen, and gives off, in this situation, palpebral filaments to 
the upper eyelid. It then ascends upon the forehead, and terminates in two 
branches, an inner and an outer, whicli supply the integument of tlie cranium, 
reaching nearly as far back as the parieto-occipital suture. They are at first 
situated beneath the Occipito-frontalis, the ixmer branch perforating the 
frontal portion of the muscle, the outer branch its tendinous aponeurosis. 
From its two branches, small twigs pass to the pericranium. 

The nasal nerve (ri. nasociliaris) is intorraediate in size; belAA cen the frontal 
and lachrymal, and is more deeply placed than the other branehes of the 
ophthalmic. It enters the orbit betAA cen the tAA^o heads of the External rectus, 
and runs obliquely iuAvards across the optic norA^e, beneath the Superior rectus 
and Superior oblique muscles, to the inner Avail of the orbit. Here it passes 
through the anterior ethmoidal foramen, and, entering the cavity of the cranium, 
traverses a shallow groove on the front part of the cribriform plate of tlic ethmoid 
bone, and runs down, througJi the slit by the side of the crista galli, into the 
nose, where it divides into two branches, an internal and an external. The 
interrud branch supplies the mucous membrane near the fore part of the septum 
of the nose. The external branch descends hi a groove on t he inner surface of 
the nasal bone, and supplies a few filaments to the mucous membrane covering 
the fore part of the outer wall of the nai-es as far as the inferior turbinated 
bone ; it then leaves the cavity of the nose, betAveen the lower border of the 
nasal bone and the upper lateral cartilage, and, passing doA\TX beneath the 
Compressor nasi, supplies the integument of the ala and the tip of the nose, 
joining Avith the facial nerve. ’ 

The branches of the nasal nerve are, the ganglionic, long ciliary, and 
infratrochlear. 

The ganglionic branch (radix longa ganglii ciliaris), about half an inch in 
length, usually arises from the nasal between the Iavo heads of the External 
rectus. It passes forwards on the outer side of the optic nerve, and enters 
the postero-superior angle of the ciliary ganglion, forming its superior or long 
root. It is sometimes joined by a filament from the cavernous plexus of the 
sympathetic, or from the superior division of the third nerve. 
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The long ciliary nerves (nn. ciliarcs longi), two or three in. number, are given 
off from the nasal, as it crosses the optic nerve. They accompany the short 
ciliary nerves from the ciliary ganglion, pierce the posterior part of the sclerotic, 
arid running forwards between it and the choroid, are distributed to the Ciliary 
muscle, iris,.and cornea. 

The infratrochlem nerve (n. infratrochlearis) is given off just before the nasal 
nerve enters the anterior ethmoidal foramen. It runs forwards along the upper 
border of the Internal rectus, and is joined, near the pulley of the Superior 
oblique, by a filament from the supratrochhiar nerve. It then passes to the 
inner angle of the eye, and 8uppli(!s the integument of the eyelids and side of 
the nose, the conjunctiva, lachiyrnal sac, and caruncula lacrimalis. 

Ophthat.mio Ganolion (figs. 766, 769) 

The ophthalmic or lenticular gang'lion (ganglion ciUarc) is a small, 
qmulrangular, flattened ganglion, of a reddish-grey colour, and about the size 


Fig. 770.—^Distribution of Iho second and third divisions of the fifth nerve, 
and Bubinaxillarv ganglion. 



of a pin’s head, situated at the back part of the orbit, in some loose fat between 
the optic nerve and the Extei'nal rectus muscle, lying generally on the outer 
side of the ophthalmic artery. 

'€t8 branches of communication, or roots, are three, all of which enter its 
posterior border. One, the long or sensory root, is derived from the nasal branch 
of the ophthalmic, and joins its postero-superior angle. The second, the short 
or motor root, is a short, thick nerve, occasionally divided into two parts, which 
is derived from the branch of the third nerve to the Inferior oblique muscle, 
and is connected with the postero-inferior angle of the ganglion. The third, the 
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sympathetic root, is a slender filament from the cavernous plexus of the 
sympathetic. This is frequently blended with the long root, though it sometimes 
passes to the ganglion separately. According to Tiedemaim, tliis ganglion 
■receives a filament of communication from the spheno-palatine ganglion. 

Its hranch^ejs of distribution arc the short ciliary nerves (mi. ciliares breves). 
These arc delicate filaments, from six to ten in number, which arise from the fore 
part of the ganglion in two bundles connected with its superior and inferior 
angles ; the lower bundle is the larger. They run forwiwds with tlie ciliary 
arteries in a wavy course, one act above and the other below the ojitio nerve, 
and arc accompanied by the long ciliary nerves from the nasal. They pierce 
the sclera at the back part of the globe, pass forwards in delicate grooves 
on its inner surface, and are distributed to tlic Ciliary muscle, iris, and cornea. 
Ti(?deiiiarui has d<iscribcd one small brancli as penetrating the optic nerve 
with t he arteria (;entralis retina\ 

SupEiuon MiXiLLARY Nrkvjs (fig. 770) 

The Superior maxillary nerve (n. maxillaris), or second division of the 
fifth, is a sensory nerve. It is iiitci’mediate, both in jiosition and size, between 
the ophthalmic and infc'rior maxillary. It coninKuiccs at the middle of the 
Casserian ganglion .as a flattened plexiform band, and, passing Inirizontally 
forwards, it loaves the skull through the f(jramen rotundum, avIkto if becomes 
more itylindrical in form, and firmi'r in texture. It llnni crosst^s tlic spheno¬ 
maxillary fossa, inclines outwards on t lu^ back of tlic maxilla, and enters the 
oi’bit through the spheno-maxillary fissun!; it traverse-s the infraorbital groove 
and canal in the floor of the orbit, and appears upon the face at the infraorbital 
foramen.* At its termination, the nerve lies beneath the Levator labii 
superioris muscle, anti divides info a leash of branches which spread out ui)on 
the side of the nose, the lower eyelid, and the upper li[), joining with filaments 
of the facial nerve. 

Branches of distribution. —The branches of this nerve may be divided into 
four groups, according as they .are given off in the cranium, in tlic sphtmo- 
maxillary fossa, in the infraorbital canal, or on the face. 

' I 

1 

In the cranium . . . Meningeal. 

Orbital or temporo-malar. ' 

In the sphono-maxillary fossa 8phcno-palatinc. 

Posterior superior dtsntal. 

Middle superior dental. 

Anterior superior dental. 

Palpebral. 

On the ffice . Nasal. 

Labial. 

The meningeal branch (n. meningeus rnedius) is given off from the nerve 
directly after its origin from the Gasserian ganglion ; it imcompanies the middle 
meningeal ark'ry and supplies the dura mater. 

The or temporo-malar branch •(«• zygomaticus) arises in the 

spheno-maxillary fdssa, enters the orbit by thci spheno-maxillary fissure, and 
divides at the back of that cavity into two branches, temporal and malar. 

The temporal branch ( ramus z vaomaticotemporalis I runs along (he outer 
wall of the orbit in a groove inthe malar bone, I’cceivcs a branch of communi¬ 
cation from the lachrymal, and, passing through a foramen in the malar bone, 
enters the temporal fossa. It ascends between the bone, and substance of the 
Temporal muscle, pierces the tcimporal fascia about an inch above the zygoma, 
and is distributed to the integument covering the temple and side of the 
forehead, communicating with the facial nerve and with the auriculo-temporal 
branch of the inferior maxillary. As it pierces the temporal fascia, it giv<|| off 
a slender twig, which runs between the two layers of the fascia to the outer 
angle of the orbit. 

The malar branch (ramus zygomaticofacialis) passes along the external 
inferior angle of the orbit, emerges upon the face through a foramen in the 

* After it enters the mfrt.orbital canal, the nerve is frequently called the imfraorbital. 


In tlic infraorbital c.an{d 
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malar bone, and, perforating the Orbicularis palpebrarum muscle, supplies the 
skin on the prominence of the check. It joins with the facial nerve and with 
the palpebral branches of the superior maxillary. 

The spheno-palatine branches, two in number, descend to the spheno¬ 
palatine ganglion. 

The posterior superior dental branches (rami alveolares suijcriores 
posteriores) arise from the trunk of the nerve just as it is about to enter the 
iTifraorbitai groove ; tluy arc generally two in number, but sometimes arise 
by a single trunk, and immc'diately divide and pass downwards on the tuberosity 
of the maxilla. They give olf several twigs to the gums and neighbouring 
parts of the mucous membrane of the cheek. They tlien enter the posterior 
dtmtal (ianals on the zygomatic surface of the maxilla, and, passing from 
behind forwards in the substama; of th«; bone, (!ommuni<;ate with the middle 
denial nerve, and give olf branches to the lining membrane of tin* antrum and 
three twigs to eacli molar tooth. Tliese twigs enter the foramina at the apices 
of the fangs, and supply the })ulp. 

Tlie middle superior dental branch (ramus alveolaris superior nicdius) is 
given off from the superior maxillary nerve in the back part of the infraorbital 
canal, and runs downwards and foiAvards in a special canal in the outer w'all 
of tJie antrum to supply the two biscupid teeth. It forma a plexus (plexus 
dentalis superit)r) with the posterior and anterior dental branches. 

At its point of coinniunicalioii with the posterior branch is a slight thickening which 
has reucived the name of the ganglion of Val&ntin ; and at its point of ronimnnication 
with the anterior branch is a second enlargement, which is callefl the ganglion uf Jiockdalek. 
Neither of those is a true ganglion. 

The anterior superior dental branch (ramus alveolaris superior 
anterior), of considerable size, is given off from the superior maxillary nerve 
just before its exit from Ihi) infraorbital foramen; it eiders a special canal 
in the anterior w'all of tlie antrum, and divides into a scries of branches which 
supply the incisor and canine teeth. It communicates with the middle dental 
nerve, and gives off a vnml branch, which pa8.ses through a minute canal into, 
the nasal fossa, and supplies tlic mucous membrane of the fore part of the 
inferior meatus and the floor of this cavity, coimnunieating w'ith th(i nasal 
branches from Meckel’s ganglion. 

The palpebral branches (rami palpebrales inferiorcs) pass u[)W'ards 
beneath the Orbicularis palpebrarum. They supply the integument and 
conjunctiva of the lower e.yelid, joining at tlie outer angle of the orbit w'itli 
the facial nerve and malar bramdi of tlie orbital. 

The nasal branches (rami nasules externi) pass inwards ; they supply 
the integument of the side of the nose, and join with the nasal branch of the 
ophthalmic. 

The labial branches (rami labialea superiores), the largest and most 
numerous, descend beneath the Levator labii superioris, and are distributed 
to the integument of the upper lip, the mucous membrane of the moutli, and 
labial glands. 

All these branches are joined, immediately beneath the orbit, by filaments 
from the facial nerve, forming an intricate plexus, the infraorbital. 

Spheno palatine Ganglion (fig. 771) 

The spheno-palatine ganglion (ganglion sphenopalatinum), or ganglion 
of Meckel, the largest of the ganglia associated wuth the branches of the 
fifth nerve, is deeply placed in the spheno-maxillary fossa, close to the spheno¬ 
palatine foramen. It is triangular or heart-shaped, of a reddish-grey colour, 
and is situated just below the superior maxillary nerve as it crosses the fossa. 

Branches of communication .—Like the other ganglia of the fifth nerve, the 
spReno-palatine iKissesses a motor, a sensory, and a sympathetic root. Its sensory 
root is derived from the superior maxillary nerve through its two spheno-palatine 
branches. These branches of the nerve, given off in the spheno-maxillary fossa, 
descend to the ganglion. Their fibres, for the most part, pass in front of the 
ganghon, as they proceed to their destination, in the palate and nasal fossa, and 
Sje not incorporated in the ganglionic mass ; some few of the fibres, however, 



FIFTH CRANIAL NERVE 


91 .^ 


enter the ganglion, constituting its sensory root. Its moior root is probably 
derived from the facial nerve through the large superficial petrosal nerve but this 
nerve consists chiefly of sensory fibres, and its syfnpathMic rooty from the carotid 
plexus, through the large deep petrosal nerve. These two nerves join together 
to form a single nerve, the Vidian, before their entrance into the ganglion. 

The large superficial petrosal branch (n. petrosus superficialis major) is 
given off from the geniculate ganglion of the facial nerve in the aqueductus 
Pallopii; it passes through the hiatus Pallopii, enters the cranial cavity, and 
runs forwards contained in a groove on the anterior surface of the petrous 
portion of the temporal bone, lying beneath the dura mater. It then enters the 
cartilaginous substance which fills in the foramen lacerum medium, and joining 
with the large de*ep petrosal branch forms the Vidian nerve. 

The large deep pdrosal branch (n. petrosus profundus) is given off from 
the carotid plexus, and runs through the carotid canal on the outer side of the 
internal carotid artery. It then enters the cartilaginous substance which fills in 
the foramen lacerum medium, and joins with the large superficial petrosal nerve 
I'O form the Vidian. 


Fio. 771. —The spheno-palatiiie ganglion and its branches. 



The Vidian nefoe (n. canalis pterygoidei), formed by the junction of the 
two preceding nerves in the cartilaginous substance which fills in the middle 
lacerated foramen, passes forwards, through the Vidian canal, with the artery 
of the same name, and is joined by a small ascending branch, the sphenoidal 
branch, from the otic ganglion. Finally, it enters the spheno-maxillary fossa, 
and joins the posterior angle of Meckel’s ganglion. 

Brashes of distribution. —These are divisible into four groups, viz. 
ascending branches, which pass to the orbit; defending, to the palate ; internal, 
to the nose ; and posterior, to the nasopharynx. 

The ascending branches (rami or bitales) are two or three delicate filamOTts, 
wlxich enter the orbit by the spheno-maxillary fissure, and supply the peri¬ 
osteum. According to Luschka, some filaments pass through foramina in the 
suture between the os planum of the ethmoid and frontal bone to supply the 
mucous membrane of the posterior ethmoidal and sphenoidal sinuses. 

The descending or palatine branches (nn. palatini) are distributed to the roof 
of the mouth, soft palate, tonsil, and lining membrane of the nose. They are 

3 V 
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almost a direct continuation of the sphenO'palatine branches of the 8tt|>erior 
maxillary nerve, and are three in number : anterior, middle, and posterior. 

The anterior pcdatine nerve (n. palatinus anterior) descends through the 
posterior palatine canal, emerges upon the hard palate at the posterior palatine 
foramen, and passes forwards in a groove in the hard palate, nearly as far as 
the incisor teeth. It supplies the gums, the mucous membrane and glands of 
the hard palate, and communicates in front with the termination of the naso¬ 
palatine nerve. While in the posterior palatine canal, it gives off inferior nasal 
branches, which enter the nose through openings in the palate bone, and ramify 
over the interior tarhinated bone and middle and inferior meatuses ; and, at its 
exit from the canal, a palatine branch is distributed to both surfaces of the 
soft palate. * 

The middle 'palatine nerve (n. palatinus medius) descends, through one 
of the accessory palatine canals, distributing branches to the uvula, tonsil, 
and soft palate. It is occasionally wanting. 

The posterior palatine nerve (n. palatinus jiosterior) descends through 
the posterior palatine canal, and emerges by a separate opening bcliind the 
post-erior palatine foramen. It supplies the soft jjalate, tonsil, and uvula, and 
was formerly believed to supply the Levator palati and Azygos uvula; muscles, 
but these arc probably supplied by the spinal accessory through the pharyngeal 
plexus. The middle and posterior palatine join with the tonsillar branches of 
the glosso-pharyngeal to form a plexus around the tonsil {circvlus tonsillaris). 

The internal branches are distributed to the sept-um and outer wall of the 
nasal fossa. They arc the superior nasal and the naso-palatinc. 

The superior nasal branches, four or five in number, enter the back part of 
the nasal fossa by the spheno-palatine foramen. They supply the mucous 
membrane covering the superior and middle turbinated bones, and the 
lining of the posterior ethmoidal cells, a few being prolonged to the upper 
and back part of the septum. 

The naso-palatiru' nerve (n. nasopalatinus) also enters the nasal fossa through 
the spheno-palatine foramen ; it passes inwards across the roof of the nose, 
below the orifice of the sphenoidal sinus to reach the septum, and then runs 
obliquely downwards and forwards along the lower part of the 8eptun\, to the 
anterior palatine foramen, lying between the periosteum and mucous membrane. 
It descends to the roof of the mouth tlurough the anterior palatine canal. The 
two nerves are here contained in separate and distinct canals, situated in the 
intermaxillary suture, and termed the foramina of Scarpa, the left nerve being 
anterior to the right one. In the moutn, they become united, supply the mucous 
membrane behind the incisor teeth, and join with the anterior palatine nerves. 
The naso-palatine nerve furnishes a few small filaments to the mucous 
membrane of the septum. 

Posterior branch. —The pharyngeal nerve is a small branch arising from the 
back part of the ganglion. It passes through the pterygo-palatine canal with 
the pterygo-palatine artery, and is distributed to the mucous membrane of the 
upper part of the pharynx, behind tlie Eustachian tube. 

Inferior M.4XiLL’ARy Nerve (figs. 768, 770,^ 772) 

The Inferior maxillary nerve (n. mandibularis) distributes branches 
to the teeth and gums of the lower jaw, the integument of the temple and 
external ear, the lower part of the face and lower lip, and the muscles of 
mastication; it also supplies a large branch to the tongue. It is the largest of 
the tliree divisions of the fifth, and is made up of two roots : a large or sensory 
root proceeding from the inferior angle of the tiasserian ganglion ; and a sraall 
or motor root, which passes beneath the ganglion, and unites with the sensory 
root, just after its exit from the skull through the foramen ovale. Immediately 
beneath the b.'\se of the skuU, the nerve divides into two trunks, anterior and 
posterior. Previous to its division, tlie primary trunk gives off from its inner 
side a recurrent (meningeal) branch, and the nerve to the Internal pteiprgoid. 

The recurrent branch (n. spinosus) is given off directly after its exit from 
the foramen ovale. It passes backwards into the skull through the foramen 
spinosum with the middle meningeal art<;ry. It divides into two branches, 
anterior and posterior, which accompany the main divisions of the artery 
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and supply the dura mater. The posterior branch also supplies the mucous 
hmng of the mastoid cells. The anterior branch communicates with the 
meningeal branch of the superior maxillary nerve. 

The nerve to the internal pterygoid (n. ptcrygoideus intemus), given off 
from the inferior maxillary before it divides, is intimately connected at its 
origin with the otic ganglion. It is a slender branch, which passes inwards and 
enters the deep surface of the Internal pterygoid. 

The anterior and smaller division, which receives nearly the whole of the 
motor root, divides into branches which supply the muscles of mastication and 
the skin and mucous membrane of the cheek. They are the masseteric, deep 
temporal, long buccal, and external pterygoid. 

The masseteric branch (n. massetericus) passes outwards, above the 
External pterygoid, in front of the temporo-mandibular articulation, and behind 


Era. 772.- -The External pterygoid muscle and the branches of the inferior 
maxillary nerve in relation to it. 



the tendon of the Temporal; it crosses the sigmoid notch with the masseteric 
artery, to the deep surface of the Masseter, in which it ramifies nearly as far 
as its anterior border. It gives a filament to the temporo-mandibular joint. 

The deep temporal branches (nn. temporales profundi) are two in 
number, anterior and posterior. They pass above the upper border of the 
External pterygoid and enter the deep surface of the Temporal. The posterior 
hramh, of small size, is placed at the back of the temporal fossa. It sometimes 
arises in common with the masseteric branch. The anterior branch is frequently 
given off with the buccal nerve, and then tm-ns upwards over the upper head 
of the External pterygoid. Frequently a third branch {middle deep temporal) 
is present. 

The long buccal branch (n. buccinatorius) passes forwards between 
the two heads of the External pterygoid, and downwards beneath or through 

3n 2 
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the fibres of the Temporal; it emerges from under the anterior border of the 
Masseter, ramifies on the surface of the Bucoinator, and unites wth the buccal 
branches of the facial nerve. It gives a branch to tlie External pterygoid 
during its passage through that muscle, and may give off the anterior deep 
temporal nerve. The long buccal branch supplies the integument over the 
Buccinator muscle, and the mucous membrane lining its inner surface. 

The nerve to the external pterygoid (n. pterygoideus externus) frequently 
arises in conjunction with the long buccal, but it may be given off separately 
from the anterior trunk of the lU'rve. It enters the muscle on its inner surface. 

H’lic jiuslcrior and larger division of the inferior maxillary nerve is for the 
most part .sensory, but receives a few filaments from the motor root. It divides 
into three brandies : aurieulo-temporal, lingual, and inferior dental. 

The, aurieulo-temporal nerve (n. auriculotemjioralis) generally arises 
by two roots, betw'een which tbe middle meningeal artery passes. It runs 
backwards beneath tbe External pterygoid inusele to tlie inner side! of the 
neck of the mandible. It then turns upwai'ds with the temporal artery, 
between the external ear and c-ondyle of the mandible, under cover of the 
parotid gland, and, escaping from beneath this structure, ascends over tlie 
zygoma, and divides into two temporal brandies. 

Brandhcs of communication .—'Die aurieulo-temporal nerve communicates 
with the facial nerve and with the otic ganglion. The brandies of communica¬ 
tion witli the facial, usually 1 wo in number, pass forw aids, from behind the neck 
of the condyle of the mandible, to join this nerve at the posterior border of the 
Masseter muscle. The filaments of communication with the otic ganglion are 
derived from the commencement, of the auiiculo-tenijioral nerve. 

Branches of dislribution .—The branches of distribution of the aurieulo- 
temporal nerve ar<*: 

Anterior auricular. Articular. 

Branches to tlu^ meatus aiiditorius. J^arotid. 

Superficial temjioral. 

The afitcrior auricular branches are usually two in number. Tliey sujiply 
the front of tlie upper jiart. of the {liiinn, being distributed prindpally to tin* skin 
covering the front of the lii'lix and tragus. 

Branc.hes to the. meatus audikrrius, two in number, enter the canal between 
the bony and cartilaginous portions of the meatus. TJiey supjily tiie skin lining 
the meatus ; the upper one sending a filament to the niembrana tympnni. 

A branch to the temporo-nuxndibular articulation is usually df'rived from the 
au riculo-tempi iral neiw e. 

The jmrotid branches su]iply the jiarotid gland. 

■^riie superficial temjmral accom])anics the temporal artery to the v'crti'X of 
the skull, and supplies tlie integument of the temjioral region, communicating 
w'ith tlie facial nerve, and with the temporal braneJi of the temporo-malar from 
the superior maxillary. 

The lingual nerve (n. lingualis) supplies the mucous membrane of tbe 
anterior two-thirds of the tongue, and is deeply jilaccd throughout the whole 
of its course. It li(*s at first beneath the External jiterygoid, to the inner 
I5id<‘. and in front of the inferior dental nerve, and is occasionally joined 
to this nerve by a branch w'hidi may cross the internal maxillaiy artery. 
The chorda tympani also joins it at an acute angle in this situation. The 
nerve then passes between the Internal pterygoid muscle and the inner 
side of the camus of the mandible, and crosses obliquely to the side of the 
tongue over the Superior constrictor and Stylo-glossus, and then between 
the Hyo-glossus and deep part of the submaxiUary gland ; it finally runs across 
Whaiion’s duct, and along the tongue to its tip, lying immediately beneath 
the mucous membrane. 

The hrauehes of communication are with the facial (through the chorda 
tympani), the inferior dental and hypoglossal nerves, and the submaxiUary 
ganglion. The branches to the sulimaxillary ganglion are two or three in 
number; those connected with the hypoglossal nerve form a plexus at the 
anterior margin of the Hyo-glossus. 

The branche.s of distribution mpply the mucous membrane of the mouth, 
the gums, the sublingual gland, and the mucous membrane of the anterior 
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two-thirds of the tongue; the terminal filaments communicate, at the tip of 
the tongue, with the hypoglossal nerve. 

The inferior dental nerve (n. alveolaris inferior) is the largest of the three 
branches of the inferior maxillary nerve. It passes downwards with the inferior 
dental artery, at first beneath the External pterygoid muscle, and then between 
the internal lateral ligament and the ramus of the mandible to the dental 
foramen. It then passes forwards in the inferior dental canal, lying beneath 
the teeth, as far as the mental foramen, where it divides into two terminal 

branches, incisive and mental. , . . . 

The branches of the inferior dental are the mylo-hyojd, dental, incisive, 

and mental. , . f ■ j ^ i 

The mylo-hyoid nerve (n. mylohyoideus) is derived from the inferior dental 
just as that nerve is about to enti'r t he dental foramen. It descends in a grfiove 
on t]i(‘ innei’ surfai’o of the ramus of the mandible, and reaisliLng the undersurface 
of tlie Mylo-hyoid supplies this muscle and the anterior belly of the Digastric. 

The dental brarMhea supply the molar and biscujhd teeth. They correspond 
in number to the fangs of tliosi* lei'th ; each nerve entering the orifice at the 

point of the fang, and supplying the pulp of the tooth. 

Tho hmsivo branch is contitiuod (juwHi'ds within tin* boiip to tlio middle iino, 
and supplies the canine and incisor teeth. 

The mental nerve (n. mentalis) ('itu'rges from the bone at t he mental foramen, 
and divides beneath the I )e])rcssor anguli oris into three branches ; one descends 
to supply the skin of the eliin. and two ascend to supply the skin and mucous 
membrane of the lower lip. These branches communicate freely with the facial 
ni'rv'c*. 

Two small ganglia are eonnected ivith the inferior niaxillary nerve : the otic 
with tlie trunk of tlui nerve ; and the submaxillary wiili its lingual branch. 


Otic Oajsolion (fig. 773) 

'I'he otic g’anglion (ganglion oticum) is a small, oval-sbapcd, flattened 
ganglion of a reddish-grey colour, situated immediately below the foranum 
ovfile; it lies oii the inner suidacse (»f tlu’ inferior maxillary nerve, and 
surrounds the origin of the internal pterygoid nerve. It is in relation, externally. 


l'’io. 77.S.—Ttic otic ganglion anti its branches. 



with the trunk of the inferior maxillary nerve, at the point where the motor 
root joins the sensory portion; infernally, with the cartilaginous part of tl^m 
Eustachian tube, and the origin of the Tensor palati muscle ; hehtnd, with 
the middle meningeal artery. 
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Branches of communication. —It is connected by two or three short delicate 
filaments with the internal pterygoid branch of the inferior maxiUary nerve, 
from which it may obtain a motor, and possibly also a sensory root. It 
communicates with the glosso-pharyiigeal and facial nerves, through the small 
superficial petrosal nerve continued from the tympanic plexus, and through this 
communication it probably receives a sensory root from the glosso-pharyngeal 
and a motor root from the facial ; its communication with the sympathetic 
is effected by a filament from the plexus surrounding the middle meningeal 
artery. The ganglion also communicates with the aurioulo-temporal nerve by a 
branch which is probably derived from the. glosso-phaiyngeal, and which passes 
to the ganglion, and tlnm through it and the aurioulo-temporal nerve to the 
parotid gland. A slender filament (sphenoidal) ascends from it to the Vidian 
nerve, and a small branch communicat(>s with the chorda tympani. 

Its branches of distrihulion are, a filameuit (o tlic Tensor lynipani, and one 
to the Tensor palati. 'J’he former passes backwards, on the outer side of the 
Eustachian tube ; the latter arises from the ganglion, near the origin of 
the internal pterygoid nerve, and passes forwards. I’lie fibres of these nerves 
are, hoAvever, mainly derived from the nerve to the Internal pterygoid. 

SuBMAxnj.AKY Ganglion (fig. 770) 

The submaxillary ganglion (ganglion submaxillare) is of small size and 
is fusiform in shape. It is situated above the deep portion of the submaxillary 
gland, on the Hyo-glossus muscle, near the posterioi’ border of the Mylo-hyoid, 
and is connected by filaments with the lower border of the lingual nerve. 

Branches of communication. —This ganglion is suspended from the lingual 
nerve by two filaments which join the front and back parts of the ganglion. 
It also receives a branch from the choi'da tympani nerve, and communicates 
with the sympathetic by filaments from the sympathetic plexus around the 
facial artery. 

Branches of distribution. —These are five or six in number; they arise from 
the lower part of the ganglion, and sui)ply the mucous membrane of the mouth 
and Wharton’s duct, some being lost in the submaxillary gland. The branesh of 
communication from the lingual to the fore part of the ganglion is by some 
regarded as a branch of distribution, through wdiich filaments of the chorda 
tympani pass from tlu* ganglion to the nerve, and by it are conveyed to the 
sublingual gland and the tongue. 

Surface Marking. —It will l)e8een from the above d^cription that the terminal branches 
of the three divisions of the fifth nerve emerge from foramina on to the face; the terminal 
branch of the liret division emerging through the supraorbital foramen ; that of the 
second through the infraorbital foramen ; and that of the third through the mental 
foramen. The supraorbital foramen is situated at the junction of the internal and 
middle thirds of the supraorbital arch. If a straight line be drawn from this point to 
the lower border of the mandible, so that it passes between the lower two bicuspid teeth, 
it will i)ass over the infraorbital and mental foramina; the former being situated 
about one centimetre (two-fifths of an inch) below the margin of the orbit, while the latter 
varies in jwsition according to the ago wf the individual. In the adult it is midway betw'een 
the upper and lower borders of the mandible ; in the child it is neafer the low'er border, 
and in the edentulous jaw of old age it is close to the ui)i)er margin. 

Apjtlied Anatomy. —Paralysis of the fifth nerve causes anaesthesia of the corresponding 
anterior half of the scalp, and of the face, excepting over a small area near the angle 
f)f the jaw supplied Vij’ the cervical nerves, and of the cornea and conjunctiva, and of the 
mucous membrane of the nose, mouth, and tongue. Taste is lost (ageusia) on the affected 
side. Paraly.si8 and atrophy follow in the Temporal, Masseter, and Pterygoid muscles, 
possibly also in the Tensor tympani; when the mouth is opened the mandible is thrust 
over towards the paralysed side. Interference with the secretion of the tears, the nasal 
mucus, and the saliva, causes dryness of the corresponding mucous membranes. The 
sense of smell is gi adually lost on the affected side from the trophic changes that follow in 
the Schneiderian membrane. Inflammation of the eyeball, under these circumstances 
known as neuroparalytic ophthalmia, is not rare, and is due to the dryness and insensitive- 
uess of the conjunctiva; it is not a ‘trophic’ phenomenon, but depends on the occurrence 
and neglect of traumatic inflammation in the anassthetic eye. 

Fifth nerve reflexes. —Pains referred to various branches of the fifth cranial nerve are 
of very frequent occurrence, and should always lead to a careful examination in order to 
disoover a local cause. As a general rule the diffusion of pain over the various branches 
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of the nerve is at first confined to one only of the main divisions, and the search for the 
causative lesion should always commence with a thorough examination of all those parts 
which are supplied by that ^vision ; although in severe cases pain may radiate over the 
branches of the other main divisions. The commonest example of this condition is the 
neuralgia which is so often associated with dental caries—here, although the tooth itself 
may not appear to be painful, the most distressing referred pains may be experienced, 
and these are at once relieved by treatment directed to the affected tooth. 

Many other examples of ‘ fifth nerve ’ reflexes could be quoted, but it will be sufficient 
to mention the more common ones. Dealing with the ophthalmic division, severe supra¬ 
orbital pain is commonly associated with acute glaucoma or with disease of the frontal 
or ethmoidal air-cells. Malignant growths or empyema of the maxillary antrum, or 
unhealthy conditions about the inferior turbinateds or the septum of the nose, are often 
found giving rise to ‘ second division ’ neuralgia, and should bo always looked for in the 
absence of dental disease in the maxilla. 

It is on the third division, however, that some of the most striking reflexes are seen. 
It is quite common to meet with patients who complain of pain in the ear, in whom there 
is no sign of aural disease, and tho cause is usually to be found in a carious tooth in the 
mandible. Moreover, with an ulcer or cancer of the tongue, often the first pain to be 


Fia. 774.—Diagram showing cutaneous areas of face and scalp. ‘ 



experienced is one which radiates to the ear and .temporal fossa, over the distribution 
of the auriculo-teniporal nerve. 

The fifth nerve is often the seat of severe neuralgia for which no local cause can 
be discovered; each of tho three divisions has been divided, or a portion of the nerve 
excised, for this affection, usually, however, with only temporary relief. Tho supraorbital 
nerve may be exposed by making an incision an inch and a half in length along the supra¬ 
orbital margin, below the eyebrow which is to be drawn upwards, the centre of the incision 
corresponding to the supraorbital notch. The skin and Orbicularis palpebrarum 
having been divided, the nerve con be easily found emerging from the notch, and lying 
in some loose cellular tissue. It should be drawn up by a blunt hook and divided, or, 
better, a portion of it removed. The infraorbital nerve has been divided at its exit by 
an incision on the cheek; or the floor of the orbit has been exposed, the infraorbital 
canal opened up, and the anterior part of the nerve resected ; or the whole nerve, together 
with Meckel’s ganglion as far back as the foramen rotundum may be removed, but even 
then a return of the neuralgia in some other branches of tho fifth nerve is tho rule rather 
than the exception. The operation is performed as follows: the superior maxillary 
bone is first exposed by a T-shaped incision, one limb passing along the lower margin m 
the orbit, the other from tho centre of this vertically down the cheek to the angle of the 
mouth. The nerve is to be found, divided, and a piece of' silk tied to it as a guide. 
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A small trephine (half-inch) is applied to the bone, below, but including the infriiorbital 
foramen, and the antrum opened. The trephine is then applied to the posterior wall of the 
antrum, and the spheno-maxillary fossa ex^wsed. The infraorbital canal is opened up 
from below, and the nerve drawn down into the trephine hole, it being held on the stretch 
by means of the piece of silk ; it is severed with fine curved scissors as near the foramen 
rotundum os possible, any branches (iomitig oil from the ganglion being also divided. The 
inferior dental nerve can be rejuhed by a transverse incision over the ramus of the jaw 
placed so as to avoid injury to the facial nerve; the Masseter miiscile having been divided, 
a small trephine is applied to the ramus immediately beneath the masseteric notch, and, 
when the bone has Isjeri removed, the nerve is found lying on the Internal pterygoid ju.st 
as it enters the inferior dental canal, and it can here be, resected. 

The lingual (gustatory) nerve is occiisionally divided with the view of relieving the 
pain in cancerous disease of the tongue. This may be done in that part of its course 
where it lies below and behind the last molar tooth. If a line be drawn from the middle 
of the crown of the last molar tooth to the angle of the jaw it will cross the nerve, wdiich 
lies about half an inch behind the tooth, parallel to the bulging alveolar ridge on the inner 
side of the l)ody i)f the bone. The tongue should be jiulled forwards and over to the 
opposite side, w'hen the nerve can be seen standing tmt as a firm cord under the mucous 
membrane by the side of the tongue, and can be easily seized with a sharfi hook and divided 
or a ])ortion excised. 'L’liis is a simple enough operation on the cadaver, but when the 
disease is extensive and has extended to the floor of the mouth, us is generally the ease 
when division of a nerve is required, the ojKU-ation is not practicable. 

In severe cases of neuralgia of tlm fifth nerve, the Gasserian ganglion has been 
removed in whole or in part with a »!onside,rable measure of success. Rose was the first 

to perform this oi)cration ; ami ho reached the 
Fid. 775.—Figure showing the ganglion by trephining the base of the skull in the 

mode of innervation of the In- position of the foramen ovale, after dividing the 

temal and External recti muscles zygomatic arch, in front and behind, and turning it 
of the eye tafter Duval and and the Masseter muscle downwards, and cutting 
lAborde). (Testut.) through the coronoid process of the lower jaw, and 

turning it and the Temporal muscle ujjwards. A 
more efficient method appears to be that knowTi i»s 
the Krause-Hartley method. The bone forming the 
temporal fossa having been removed to a siiflicient 
extent, the temporal lobe of the brain, with the 
dura mater, is gradually raised from the middle 
fo.wsa, until the foramen spinosum, with the. middle 
meningeal artery x’nssing through it, is exposed. 
This vessel is to be ligiitured in two places, and 
divided between the ligatures; aind then by furthei- 
raising the temporal lobe, the foramina ovale and 
rotundum will be exposed, with the secr)nd and 
third divisions of the fifth nerve x)assing through 
them. 'I'hese nerves are to be elearly defined and 
divificd. The dura mater is then to be raised from 
the ganglion, when the ophthalmic nerve will be 
exitosed and must be divided, and the ganglion, by 
means of a little careful dissection, raised from 
its l)ed and removed. In some cases where the 
neuralgia has been lirnitiKl to the second division 
of the nerve an intracranial resection of that 
division alone has been performed with great 
success. In other coses where the disease has not 
alTectod the ophthalmic division, resection of the 
outer half of the ganglion only, with the superior 
and inferior maxillary nerves, has been performed, 
thus leaving the sensory nerve supply to the cornea 
intact. The motor root is usually resected with 
the third division of the nerve, leading to complete 
jiaralysis of the muscles of mastication on that side. 
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Sixth Nkiive (figs. 769, 775) 

The Sixth nerve (n. abducens) supplies 
the External rectus muscle of the eye¬ 
ball. 

Its fibres arise from a small nucleus 
situated in the upper part of the floor of 
middle line and beneath the eminentia teres. 


They pass downwards and forwards through the pons, and emerge in the furrow 
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between the lower border of the pons and the upper end of the pyramid of the 
medulla oblongata. 

From the nueleus of the sixth nerve, fibres pass through the posterior longi¬ 
tudinal bundle to the oculo-motor nerve of the opposite side, along whieh they 
are earned to the Internal rectus muscle. Tlie External rectus of one eye and 
the Internal rectus of the other may tlierefore be said to receive tJieir nerves 
from the same nucleus—a factor of great importance in eonnection with the 
conjugate movements of the 
eyeball, and one that may 
explain certain paralytic 
phenomena of tlie Recti, 
w'hicli ar(5 often associated 
with lesions in (lie pons. 

TJie nm ve })iert!es th(' dura 
mater on the basilar surface 
of (he sphenoid bone, runs 
(hrough a notch immediately 
below the ]>ostcrior clinoid 
])roc(>ss, and e n t e )• s tin* 
cavfM'nous sinus. It passes 
forwards through the sinus, 
lying on the outc'f side of the 
internal carotid artc'iy. It 
entei's the oibit through the 
sphenoidal fissure, and lies 
above tlie ophthalmic vein, from which it is separated by a lamina of 
dura mate]-. It (ben passes ln^twecn the two heads of the External rectus, 
and is distributed to tliat muscle on its ocular surface. 

Branrhc/i of communication. Tlu- sixth nerve is joined by several filaments 
from the carotid and cavernous plexuses, and by one from the ophthalmic 
nerve. 

The sixth nerve, together with the third, fourth, and (he ophthalmic division 
of the fifth, as (hey pass to the orbit, bear a certain relation to each other in the 
cavernous sinus, at the sphenoidal fissure, and in the cavity of the orbit, which 
will now' be described. 

In the cavenunis sinus (fig. 776), the third and fourth nerves and the 
ophthalmic division of the fiftli are placed on the outer wall of the sinus, in 

(/heir numerical order, both 
from above downw'ards, and 
from within outwaids. The 
sixth nerve lies at the outer 
side of the internal carotid 
artery. As these nerves jiass 
forwards to the sphenoidal 
fissure, the third and fifth 
nerves become divided into 
• branches, and the sixth 
aiijiroaches the rest ; so that 
(heir relative position becomes 
considerably changed. 

In the sphenoidal fissure 
(fig. 777), the fourth nerve, 
and the frontal and lachrymal 
divisions of the ophthalmic 
lie in this order from within 
outwards upon the same 
plane ; they enter the cavity of the orbit above the muscles. The i-emaining 
nerves enter the orbit between the tw'O heads of the External rectus. Th<! 
superior division of the third is the highest of these; beneath (his lies the 
nasal branch of the ophthalmic ;• then the inferior division of the third ; and 
the sixth lowest of all. 

In the orbit, the fourth, and the frontal and lachrymal divisions of the 
ophthalmic lie on the same plane immediately beneath the periosteum, the 


Km. 


777.—Relations of slructiircs ]>assing 
througli the sphenoidal ti.ssure. 


hothnimaf 


Fourth 



' Xnml 
ln,lvriot div% 
* Suth 

iijfhihttimu' rnu 


of third 


Fm. 77(i.—Oblique section through the right 
cavernous sinus. 


IvtfriiHl carotid aricri/ 
Cavernous sinus 


Third, verve 
Fourth nerve 

(^fhfhatmtr vrrtf 
Surfk nerno 


Sitporin 
nuuiUtirt/ , 




922 


NEUROLOGY 


fourth nerve being int^nal and resting on the Superior oblique,'the frontal 
resting on the I^evator palpebrae, and the lachrymal on the External rectus. 
The superior division of the third nerve lies immediately beneath the Superior 
rtictus, while the nasal branch of the ophthalmic crosses the optic nerve to 
reach the inner side of the orbit. Beneatli these is the optic nerve, surrounded 
in front by the ciliary nerves, and having the lenticular ganglion on its outer 
side, between it and the External rectus. Below the optic nerve are the 
inferior division of the third, and the sixth, the latter lying on the outer side 
of the orbit.* 

Applied Anatomy .—The sixth nerve is more frequently involved in fractures of the 
base of the skull than any other cranial nerve. The result of paralysis of this nerve 
is internal or convergent squint. Diplopia is also present. When injured so that its 
function is destroyed, there is, in addition to the paralysis of the External rectus muscle, 
often a certain amount of contraction of the pupil, because some of the sympathetic fibres 
to the radiating muscle of the iris are conveyed through this nerve. 


Seventh Nerve (figs, 778, 779, 780) 

The Seventh or Facial nerve (n. facialis), like the fifth, consists of a motor 
and a sensory part, the latter being frequently described under the name of 
file pars intermedia of Wrisherg. The two parts emerge separately at the 
lower border of the pons Varolii in the recess between the olivary and restiform 


Ejg. 778.—Plan of the seventh nerve. The course of the sensory fibres is 
lopresented by the blue lines. 



bo^es, the motor part' being the more internal; immediately to the outer side 
of the sensory part is the auditory nerve. 

The motor part supplies the mu8cl((8 of the face, scalp and pinna, the 
Buccinator and Platysma, the Stylo-hyoid and posterior belly of the Digastric, 
and the Stapedius muscle of the tympanic cavity ; it also contains some fibres 
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which constitute the vasodilator nerves of the submaxillary and sublingual 
glands, and are conveyed to these glands through the chorda tympani. The 
sensory part contains the fibres of taste for the anterior two-thirds of the 
tongue. ' 

The, motor root -takes origin from a nucleus which lies deeply in the 
reticular formation of the lower part of the pons Varolii. This nucleus is 
situated above the nucleus ambiguus, behind the superior olive, and internal to 
the- lower sensory root of the fifth nerve. From this origin the fibres pursue a 
curved course in the substance of the pons. They first pass backwards and 
inwards towards the floor of the fourth ventricle, and, reaching the posterior 
extremity of the nucleus of the sixth nerve, run upwards close to the middle 
line beneath the eminentia teres. At the anterior end of the nucleus of the 
sixth nerve they niak« a second bend, and run downwards and forwards through 
the pons to their point of emergence between the olivaiy and restiform bodies. 

(Some fibres from the nucleus of the third nerve are said to descend in 
the posterior longitudinal fasciculus and join the motor root of the facial 
nerve befom it leaves the pons. These fibres are believed to supply the 
Orbicularis palpebrarum, Corrugalor sup^rcilii, and anterior belly of the 
Occipito-frontalis, since these muscles have been observed to escape paralysis 
in lesions of the motor nucleus of the facial i..irve.* » 

The sensory root arises from the geniculate ganglion, which is situated 
on the genu of the facial nerve in the aquiKiuctus Fiulopii, behind the hiatus 
Fallopii. The cells of this ganglion are unipolar, and the single process given 
off from each divides in a T-shaped manner into a central and a peripheral 
branch. The central branches run inwards, and, leaving the trunk of the 
facial n((rve in the internal auditoiy meatus, form the sensory root; the peri¬ 
pheral branches an; continued into tlic (diorda tympani and great superficiial 
petrosal nerv(;s. Ent(;rijig the brain at the lower border of the pons between 
the motor root intc'nially and the. auditory nerve externally, the fibres of the 
sensory root pass into the substance of the rru^dulla and terminate in the upper 
part of the nucleus of the glosso-phaiyngeal and in th(^ fasciculus sohtarius. 

From tlieir superficial attachnu'uts to the brain, the t«'o roots of the facial 
nerve pass outwards and forwards Anth the auditory nerve to the internal 
auditory meatus. In the meatus the motor root lies in a groove on the upper 
and. anterior surface of tlie auditory nerve, the sensory root being placed betAveen 
the two. 

At the bottom of the meatus, the facial nerve enters the aqueductus Fallopii, 
and follows the course of that canal through the petrous portion of the temporal 
bone, to its termination at the stylo-mastf)id foramen. It is at first diiActed 
outwards bet-woen tlio cochlea and vestibule towards tlie inner wall of the 
tympanum ; it then bends suddenly backwards and arches doMmwards behind 
the tympanum to the stylo-mastoid foramen. The point Avhere it changes 
its dii’ection is named the geniculum ; it. pnisents a reddish gangliform 
swelling, the ganglion 
geniculi, or nucleus of the 
sensory root of t lu; iK'i've 
(fig. 779). On emerging 
from the stylo-mdstoid 
foramen, it runs forwards 
in the substance of the 
parotid gland, crosses the 
external carotid artery, 
and divides behind the 
ramus of the man¬ 
dible into two primary 
brSinches, temporo-facial 
and cervico-facial, from which numerous offsets are distributed over the side of 
the head, face, and upper part of the neck, supplying the superficial muscles 
in these regions. As the primary branches and their offsets diverge from each 
otlier, they present somewhat the appearance of a bird’s foot or claws ; lienee 
the name of pes ans&rinua is given to the divisions of the facial nerv'e in and 
near the parotid gland. 


Fig. 779.—The course and connections of the 
facial nerve in 1 he temporal bone. 


Ertf^nial su/terficial fteirMol 
liram ft to)mn small !iupt>rfivun petrosa!^ 
Laru^ Hupri'ficial petrosnt 

(trnimlafe ganijlum 



* See footnote, page 841. 
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Branchea of communication .—communications of the facial nerve may 
be arranged as follows : 


In the internal auditory 
meatus 


At the geniculate ganglion 


In the Fallopian aqut'duct 


At its exit fi'om the stylo¬ 
mastoid foramen 

Behind the ear 

On th(?facc .... 

In the neck .... 


With the auditory nerv<\ 

With Meckel’s ganglion by the large 
superficial petrosal nerve. 

With the otic ganglion by a branch which 
joins the small sui)erficial petrosal nerve. 
With the sympathetic on the middle 
meningeal by th(i external superficial 
petrosal n(“rve. 

(With the auricular branch of the pueunio- 

1 gastric. 

/W'ith th(' glosHo-pharjmgeal. 

„ pneumogastric. 

, ,, ,, great auricular. 

I . auriculo-temjioral. 

With the small occipital. 

With the three divisions of the fiftlk 
With the superficial cervical. 


In the internal auditory meatus sonn^ minute filaments pass from the pars 
intermedia and from the facial to the auditory nerve. 

d’he large mpcrjicial pctroml nerve arises from the geniculatci ganglion, and 
consists chiefly of sensory branches which arc distributed to the raucous 
membrane of the soft palate ; but it probably also contains a few motor fibies 
which form the motor root of Meckel’s ganglion. It pass('s forwards through 
the hiatus ]<^allopii, and runs in a groove on the anttnior suj-fatie of the peti'ous 
|>ortion of th(! temporal bone beneath the Gasserian ganglion, to the foramen 
laeerura medium. It receives a twig from tlu^ lympanici plexus, and in the 
foramen is joined by the great dec]) petmsal, from the sympathetic plexus 
on the internal carotid artery, lo form the X'idian nerve. This nerve passes 
forwards 1 hrough the Vidian oinal and ends in Meckel’s ganglion. The geniculate 
ganglion is connected u ith the otic ganglion, by a branch which joins the small 
su])erficial petrosal ncrv'c, and also with the* sympathetic filaments accompany¬ 
ing the middle meningeal artei-y, by the external petrosal (Bidder). From the 
ganglion, according to Arnold, a tuig is sent back to the auditoiy nerve. Ju.st 
before the facial nerve emerges from the stylo-mastoid foramen, it generally 
receives a tx\’ig of ctnnmunication from the auricular branch of the pneumo- 
gastrie. 

After its exit from the stylo-mastoid foramen, the facial sends a twig to 
the glosso-pharyng(*al. and communicates with the auricular branch of the 
pneumogastric, with the great auricular bi anch of the cervical plexus, witli 
the auriculo-temjioral branch of the inferior maxillary nerve in the parotid 
gland, and with the small occipital behind the ear ; on the face with the 
terminal branches of the three divisions of the fifth, aiid in the neck with 
the su])erficial or transverse cervical. 

Branches o/'dfsfnft%b'o«(fig. 780). The branches of distribution of the facial 
nerve may be thus airanged ; 


Within the aqueductus 

Fallopii 

At its exit from the stylo¬ 
mastoid foramen 


On the face 


Tympanic, to the Stapedius muscle. 
Oiiorda tympani. 

Posterior auricular. 

Digastric. 

Stylo-hyoid. 

Temporal. 

Temporo-facial Malar. 

Infraorbital. 

(Buccal. 

Cervico-facial ] Mandibular. 

(Cervical. 
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The tympanic branch arises from the nerve opposite the pyramid ; it 
passes through a small canal in the pyramid, and supplies tlie Stapedius muscle. 

The chorda tympani is given off from the facial as it passes vertically 
downwards at the back of the tympanum, about a quarter of an inch before 
its exit from the stylo-mastoid foramen. It runs fi-oin below upwards and 
foi’wards in a distinct canal, and enters the cavity of the tympanum, through 
an aperture {iter ch^ordcB postcrius) on its posterior wall, close to the inner aspect 
of tJie posterior border of the mombrana tympani and on a lev'cl with the upper 
end of the handle of the malUms, and beeonuvs invested with niueous membrane. 
It traverses the cavity of the tymijauum, between tlie fibrous and mucous 
layers of the membrana tympani, crosses over the handle of the malleus, and 
emerges from the cavity through a foramen situated at the inner end of the 
tflaserian fissure, and named the iter cJiorda; anleriun, or carud of llvijuier. 
It tlum descends bcdween the two Pterygoid nmseles on th(» inner as[)ect of 
the s])ine of th(< sjdienoid, wliich it sometimes grooves, and joins, at an 
acute angl(‘, the ])Osterior bordcu- of the lingu.al nei've. It receives a few 
efferent, fibres from the motor root ; these enter tlui submaxillary ganglion, 
and tlu-ough it arc' distribut(id t(t th(' subnaxillary and sublingual glands; 
tlie majority of its fibres are afferent and eontiinn'd onwards through tlie 
muscular substances of tlu) tongue to the mucous membrane covering its 
anterior two-thirds ; tiny constitute the nerve- of taste for this portion of the 
tongue. Bt'fore joining the lingual nerve the chorda tympani receives a small 
communkiating branch from the; otic g.anglion. 

The posterior auricular nerve (n. auricularis posterior) arisc's close to 
th(' stylo-mastoid foirirnen, and passes upwards in front of tin* mastoid process ; 
h('ro it is joined by a filament from the auricular branch of the, pneuino- 
gastrie. and communicates with tlie mastoid branch of the great auricular, 
and with the small o(!cipital. As it ascemds bctweim the meatus and mastoid 
jiroeess it divides into ami.milar and occiiiital branches. The auricular branch 
supplies the Retrahens auriculam and the small intrinsic muscles on the cranial 
surface of the jiinna. The occipital branch,, the larger, passes backwards 
along, the superior curv ed line of jlie occipital bone, and supplies the occipital 
portion of the-th*eipitO'£i‘ontalis. - 

The digastric branch (ramus diga,stri(!us) arises close to tlie stylo-mastoid 
foraimm ; it divides into sevi'ral filaments, which supply tlu' postcuior bc'lly 
of the Digastric; one of thcsi* [lerforates that muscle to join the glo.sso- 
pharvngeal nerve. 

The stylo-hyoid branch (ramus stylohyoideus) frequently arises in con¬ 
junction M ith that to the iiosterior belly of tlie Digastric ; it is long and slender, 
and passes inw ards to enter the 8tylo-hyoid about its middle. 

Tim temporoifacia.!-division, the larger of the two tcwtiiinal branches, 
runs upwards and-Jorwarda thiuugh the parotid gland, i^rysses the external 
cai'ot id artery and tenij>om.iiiaYillii.iy vein, and piusses ovmr the neck of the 
cuiud^o of -thu-mandible, being connected in this situation with the auriculo¬ 
temporal branch of the inferior maxillary nerve. It breaks up into branches, 
w'hieh arc distributed over the temph^ and upper part of the face ; these are 
grouped into three sets : temporal, malar, and wifraorbital. 

(rami temporales) cross the zygtym a, to the temporal 
r emon . supplying t he A ttraliens and AttoUens auriculam muscles, and join 
w'ltli the temporal branch o? t3ie tcmporo-malar, a bramii of flic superior 
maxillaiy, and with the auiiculo-temporal branch of the inferior maxillary. 
The more anterior branches supply the frontal portion of the Oc^eipito-frontalis, 
the Orbicularis palpebrarum, and the Oorinigator supcrcilii, and join with the 
supraorbital and lachrymal branches of the ophthalmic. 

The malar branches (rami zygomatici) run across the malar bone to the 
outer angle of the orbit, where they supply the Orbicularis palpebrarum, and 
join with filaments from the lachrymal nerve and the malar branch of the 
superior maxillaty nerve. 

The infraorhUal branches (rami infraorbitales), of larger size than the rest, 
pass horizontally forwards to be distributed between the low'er margin of the 
orbit and the mouth. The superficial branches run beneath the skin and above 
the superficial muscles of the face which they supply : some branches are 
distributed to the Pyramidalis nasi, joining at the inner angle of the orbit 
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with the infratroclilear and nasal branches of the ophthalmic. The dc-ep 
branches pass beneath the Zygomatici and the Levator labii superioris, supplying 
them and the Levator anguli oris, and form a plexus {infraorbital) by joining 
with the infraorbital branch of the superior maxillary nerve and the buccal 
brandies of the cervico-facial. Those branches also supply the Levator labii 
superioris alaeque nasi and tlie small muscles of the nose. 

The cervico-facial division passes obliquely downwards and forwards 
through tlie parotid gland, across the external carotid artery. In this 
situation it is joined by branches from the groat auricular nerve. Opposite 
the angle of the mandible it divides into branches which are distributed on the 


Fig. 780.—The nerves of the scalp, face, and side of neck. 



lower half of the face and upper part of the neck. These may be grouped into 
three sets : buccal, mandibular, and cervical. 

The buccal branches (rami buccales) cross the Masseter. They supply the 
Buccinator and Orbicularis'oris, and join with the infraorbital branches of 
the temporo-facial division of the nerve, and with filaments of the long buccal 
branch of the inferior maxillary nerve. 

The manMhvdar branch (ramus marginalis mandibulae) passes forwards 
beneath the Platysma and Depressor anguli oris, supplying the muscles of the 
lower lip and chin, and communicating with the mental branch of the inferior 
dental nerve. 
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The cervical branch (ramus colli) runs forwards beneath the Platysma, and 
forms a series of arches across the side of the neck over the suprahyoid region. 
One of the branches descends vertically to join with the superficial cervical 
nerve from the cervical plexus ; others supply the Platysma. 

Applied Anatomy. —Facial palsy is commonly unilateral, and may be either; (1) pen 
pheral, from lesion of the facial nerve ; (2) nuclear, from destruction of the facial nucleus ; 
or (3) central, cerebral, or supranuclear, from injury in the brain to the fibres passing from 
the cortex through the internal cai)sule to the facial nucleus, or from iiijury to the face-area 
of the motor cortes itself. In supranuclear facial paralysis, which is usually part of 
a hemiplegia, it ,is the lower part or the face that is chiefiy affected, while the forehMU 
can be freely wrinkled (ni the palsied side, the eye can be closed fairly well, and the eyeball 
is not rolled up under the upper lid ; emotional movements of the face are much better 
executed than voluntary ; and the electrical reactions of the muscles on the affected side 
are not altered. If the paralysis is due to lesion of the facial nucleus, the Orbicularis 
oris escapes, os the nuclear origin of the nerve to this muscle seems to bo connected with 
that of the tongue-nerves ; otherwise the symptoms are identical with those of the common 
peripheral facial palsy, of which several types may be distinguished accorthng to the 
point in its course at which the facial nerve is injured If the lesion occurs (a) in the pons, 
facial paralysis is proiluced as in (d) below ; taste and hearing arc not affected, but the 
sixth nobve also will be paralysed because the fibres of the facial nerve loop round its 
nucleus in the pons. When the nerve is paralys-jd {h) in the petrous bone, in addition 
to the paralysis of the muscles of expression, there is loss <jf taste in the anterior part of 
the tongue, and the patient is unable to recognise the difference between bitters and sweets, 
acids and salines, from involvement of ihe chorda tympatd. The mouth is dry, because the 
salivary glands are not secreting ; and the sense of hearing is affected from paralysis of 
the Stapedius. When the cause of the paralysis is (r.) fracture of the base of the skull, 
the auditory and petrosal nerves arc usually mvolvcd. liut by far the commonest cause 
of facial palsy is (d) exposure of the nerve to cold or injury at or after its exit fro*n tbe 
stylomastoid foramen (Bell’s paraljrsis). In those cases the face looks ijaymmetrical even 
when at rest, and more so in the old than in the young. The affeeded side of the face and 
forehead remains motionless when voluntary or emotional movement is attempted. The 
lines on tlie forehead are smoothed out, the eye can be shut only by hand, team fail to enter 
the lachrymal puncta because they are no longer in contact with the conjunctiva, the 
conjunctival reflex is absent, and efforts to close the eye merely cause the eyeball ti> roll 
upwards until the cornea lies under the upper lid. The tip of the nose is drawn over 
towards the sound side ; the naso-labial fold is partially obliterated on the affected side, 
and the ala nasi does not move properly on respiration. The lips remain in contact 
on the paralysed side, and cannot be put together for whistling ; when a smile is attemptol 
the angle of the mouth is drawn up on the unaffected side ; on the affected side the liJ)^ 
remain nearly closed, and the mouth assumes a characteristic triangular form. Durfaig 
mastication food accumulates in the cheek, from paralysis of the Buccinator, and dribbles 
or is pushed out from between the paralysed lips. On iwotrusion the tongue seems to be 
thrust over towards the palsied side, but 'verification of its position by reference to the 
incisor teeth will show that this is not really so. The Platysma and the muscles of the 
pinna are paralysed ; in severe cases the articulation of labials is impaired. The electrical 
rcacitions of the affected muscles are altered (reaction of d^eneration), and the degree to 
which this alteration has taken place after a week or ten days gives a valuable guide 
to the prognosis. Most cases of Bell’s palsy re<jover completely. 

The facial nerve is at fault in cases of so-called ‘ histrionic spasm,’ which consists m 
an almost constant and uncontrollable twitching of some or ail of the muscles of the face. 
This twitching is sometimes so severe as to cause great discomfort and annoyance to the 
patient, and to interfere with sleep, and for its relief the facial nerve has been stretched. 
The operation is performed by making an incision behind the ear, from the root of the 
mastoid process to the angle of the jaw. The parotid is turned forwards and the dissec¬ 
tion carried along the anterior border of the Sterno-mastoid muscle and mastoid process, 
until the upper border of the posterior belly of the Digastric is found. The nerve is 
parallel to this on about the level of the middle of the mastoid process. When found, the 
nerve must be stretched by passing a blunt hook beneath it and pulling it forwards and 
outwards. Too groat force must not be used, for fear of permanent injury to the nerve. 


Eighth Nerve 

¥ 

The Eighth or Auditory nerve (n. acusticus) is the special nerve of the sense 
of hearing, being distributed exclusively to the internal ear. It consists of two 
sets of fibres, which, although differing in their central connections, are both 
concerned in the transmission of afferent impulses from the internal ear to the 
medulla and pons, and from there, by means of new fibres which ari^ fi-oni 
collections of grey matter in these structures, to the cerebrum and cerebellum. 
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Ono set of fibres forms the vestibular root of the nerve, and arises from the 
cells in the ganglion of Scarpa which is situated in the internal auditory meatus ; 
the other set constitutes the cochlear root, and takes origin from the cells in 
the ganglion spirale or ganglion of Corti, which occu]>ies the spiral canal of 
tiie cochlea, Both of these ganglia consist of bipolar nerve-cells; one prjpcess 
from each of the cells passes inwards to the brain, the other outwards to 
the internal ear. At its connection with the brain the eighth nerve occupies 
the groove between the pons and medulla, where it is situated between the 
restiform body which is behind, and the seventh nerve which is in front. 

Vestibular root (radix vestibularis) (fig. 781).—^The fibres of this root enter the 
medulla to the inner side of those of the cochlear root, and pass between the 
restiform body which is to their outer .side, and the inferior sensory root of the 
fifth which lies to their inner side. They then divide into an ascending and a 
descending set. The fibres of the latter end by arborising round the cells of the 
internal nucleus, which is situated in t he iriqonum acusticum in the floor of the 
fourth ventricle. The ascending fibres cither end in the same manner or in 
the external nucleus, which is situak^d to the outer side of the trigonum acusticum 

and farther from the ven- 


Fia. 781.—Terminal nuclei of tlic vestibular root of 
the auditory norvo, with their upper connections. 
(Schematic.) (Testut.) 
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tricular floor. It is described 
as consisting of two p-arts, 
an inner, the nucleus of 
Deiters, and an outer, the 
nurieus of Bechterew. Some 
of the axons of the cells of 
the external nucleus, and 
possibly also of the internal 
nucleus, are oontimied up¬ 
wards through the restiform 
body to the roof nuclei of 
the opposite side of thoiiere- 
hellum. to which also other 
fibres of the vestibular root 
are prolonged without inter- 
rujition in the nuclei of the 
medulla. A second set of 
fibres from the internal and 
(external nuclei end partly 
in the tegmentum, while the 
remainder a.srend in the pos¬ 
terior longitudinal bundle to 
•arborise around the cells of 
the nuclei of the oculo-motor 
nerve. 

OocMear root (radix 
cochlcaris) (fig. 782).—This 


part of the nerve is placed 
external to the vestibular root.. Its fibres end in two nuclei, one of which, the 


accessory nucleus, lies immediately in front of the restiform body; the other, 
the tubereulum acusticum, somewhat to its outer side. 


I’he striaj acustiea’, or medullary striiv, are the axons of the cells of the 
tubereulum acusticum. They pass backwards and inwards over the restiform 
body, and across the floor of tlwi fourth ventricle towards the middle line. 
Here they dip into the substance of the pons, to end around the colls of the 
superior olives of both sides. There are, however, other fibres, and these are 
both direc.t and crossed, vvliiiih do not arborise around the tegmental nuclei, 
but pass into the lateral fillet. The cells of the accessory nucleus give origin to 
fibres which pass transversely in uie pons and constitute the trapezium. Of 
the trapezoid fibres some terminate around the ceUs of the superior olive or 
of the trapezoid nucleus (which lies ventral to the olive) of the same or opposite 
side, while others, crossed or uncrossed, pass dire'ctly into the lateral fillet. 

If the further connootions of the cochlear nerve of one side, say the left, be 
considered, it is found that they lie to the outer side of the main sensory tract, 
the fillet, and are therefore termed the lateral filet. The fibres comprising the 
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left lateral fillet arise in the superior olive and trapezoid nucleus of the same or 
opposite side.wliile others are the uninterrupted fibres already alluded to, and 
t these are either crossed or uncrossed, the former being the axons of the cells of 
the right accessory nucleus or of the c<<ll3 of the right tuberculum acusticum, 
wliile the latter are derived from the same cells of the left side. In the upper 
part of the lateral fillet there is a collection of nerve-cells, the nucleus of the 
lateral fillet, around the cells of which some of the fibres arborise and froin the 
cells of which axons originate to continue upwards the tract of the lateral fillet. 
The ultimate ending of the left lateral fillet is partly in the opi)osite intei nal 
geniculate body, and partly in both infiirior quadrigeminal bodies. From the 
cells of these bodies new fibrc.s arise w'hich ascend in the po8t<!rior limb of 
the internal capsule to reach the posterior three-fifths of the first left temporal 
convolution and the trausverst> temporal gyri of Heschl. 


I’la. 782.—^Terininal tiuclci of llie cochlear root of the auditory nerve, with their 
upper connections. (Sclicmatic.) (Testut.) 
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Tlio vfstibuhir toot with liK tiTiuiiiul iux'lci uud their clTorent min's have Ik bu sujtpn^seJ. Oii the oUier hatul, in 
ortlor not to obscure the trapezoid body, the (’licreTit tibres t»l the terRiuial iiiieloi on the riifld have been 
n^euted in a coD-'ideiabIc porliou ol their extent-. 'I'lie trapezoid body, therefore, .'ihows oriJ^ one-hsiJf of itn 
libros, vi’/. thufie nliieli como from the left. 

]. \ derior or vfotibular root of the auditory, ilivided at lU eiitraneu into the bulb. 2. I’ost-enoror eoehlear root. 
3. -Vccwaory nucleus of auditory nerve. -1. 'I’uberculuni HcuBti(*um. h. Ktlerent libies of ai:c«!ssorv nucleus. 
U. Kflerent libres of tuberculum neasticuni, JonninL' the htru> aoiLstlru', with Iheir direntt bundle poiii^r to 

the superior olivary body ol the same side; O'*, their deoiLssatini' )nindlc*> tiie superior olivary liody of 

tliu opposite side. 7. Supenor olivary body. 8. 'IVapczoid body- D. Trape/oid nucleus. 10. < icntrul acoustic 
tract (lateral fillet). 11. iLapho. 12. i'yramidul tract. 13. Fourth ventricle. 14. Itastifoim body. 


The auditory nerve contains a few efferent fibres which arise in the 
quadrigeminal bodies, the nucleu.s of the, lateral fillet, the traj)ezoid nucleus, 
and superior olivti. 

The auditory nerve after leaving the medulla passes forwards acros.s the 
posterior border of the middle peduncle of the cerebellum, in company with 
the facial nerve, from which it is partially separated by the auditory artery. 
It then enters tlio internal auditory meatus with tlie facial nerve. At the 
bottom of the meatus it receives one or tAvo filaments from the facial nerve, 
and then divides into its two branches, cochlear and vcstihular. The auditory 
nerve is soft in texture, and is destitute of neurilemma; its distribution will be 
described with the anatomy of the ear. 

Applied Anatomy .—^The auditory nerve is frequently injured, together with the facial 
nerve, in fractures of the middle fossa of the base of the skull implicating the internal 
auditory meatus. The nerve may be either torn across, producing permanent deafness, 
or it may be bruised or pressed upon by extravasated blood or inflammatory exudation, 
when the deafness will in ail probability be temporary. The nerve may also be injured 
by violent blows on the head, without any fracture of the boues of the skull taking place, 
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and deafness may arise from loud explosions from dynamite, &o., probably from some 
lesion of this nerve, which is more liable to be injured than the other cranial nerves on 
account of its structure. ‘ Nerve deafness ’ as contrasted with deafness due to changes 
in the middle ear or meatus, is suggested if (1) a sounding tuning-fork placed on the middle 
lino of the head is heard better (Weber’s tost) by the unaffected car ; or if (2) the sounding 
tuning-fork is heard longer when held before the affected ear {= air conduction) than 
when it is stood on the (iorresponding mastoid ( = lone conduction, Kinne’s tost); or if 

(3) the sounding tuning-fork applied to the vertex or mastoid is heard less well when 
the air in the meatus is <>omprcssod by the use of a Siegle’s spociiluni (Gelid’s tost); or if 

(4) the tuning-fork placed on the mastoid is heard for a shorter time than its sound is 
]>eroeptible to a normal individual (= evidence that bone conduction is diminished, 
Sohwabach’s tost). It must bo remembered that all these tests are liable to anomalies 
and excej»tions, and are no longer applicable to old people. If, however, concordant 
results are yielded by the tests of Weber, Rinne, and Gelid, Bezold’s ‘ triad of symptoms,’ 
nerve-deafness rather than deafness due to disease of the conducting structures is rendered 
highly probable. 

Tinnitus auriurn, or the hearing of sounds in the ear that have no objective cause 
outside the body, is said to l)e present in as many as sixty per cent, of cases of ear disease 
of all sorts, and is commone.st in disease of the labyrinth or of the neive. It is very 
variable in intensity; the worst forms are purely subjective and due to irritation of the 
nerve itself. The sounds heard are of the most varied nature—buzzing, liissing, whistling, 
rushing, bell-ringing, and so forth—and may occupy the patient’s attention so completely 
that he is no longer ahle to attend to his business ; ho may even eonimit suicide in order 
to escape from them. In the insane, tinnitus is associated with delusions and hallucina¬ 
tions of hearing ; eases of insanity have even boon recorded in which cure was effected 
by the removal of cerumen impacted in the meatus and giving rise to persistent tinnitus. 

Ninth Nerve (figs. 783, 784, 786) 

The Ninth or Glosso-pharyngeal nerve (n. glossopliaryngeus) contains 
both motor and sc'nsory fibres, and is distriburisd, as its name implies, to the 
tongue and ])l)aiynx. Tt is the nerve of ordinary sensation to tlie mucous 
membrane of the ])liarynx, fauee-s and tonsil, and the nerve of taste to tht^ 
parts of the tongue to which it is distributed. 

Its super Hr ial origin is by three or foiir filaments, closely (ionncctcd together, 
from the; upp«*r part of the im'dulla oblongata, in the groove between the olivary 
and restiform bodies. 

The sensory fibres arise from the colls of the jugular and petrous gfinglia, 
w hi(!h are situated on the trunk of the nerve, and will be presently described. 
Wlien traced into the medulla, some of the sensory fibnss terminate by arbor¬ 
ising around the cells of the up[)er part of a nucleus which lies beneath the ala 
cinerea in the lower part of the floor of the fourth ventricle. Many of the 
fibres, however, contribute to form a strand, named the fasciculus soUtarius, 
which descends in the medulla. Associated with this strand are numerous 
nerve-cells, around which the fibres of the fasciculus terminate. 

The motor fibres take origin from the cells of the nucleus amhiguus, w'hich 
lies some distance from the lower part of the floor of the fourth ventricle in 
the lateral area of the medulla and is continuous below' with the anterior 
grey cornu of the spinal cord. From this nuclei;^ the fibres are first directed 
bat^kw'ards, and then they berid forwards and outwards to join the fibres of 
the sensory root. The nucleus ambiguus gives origin to th'e motor branches of 
the glosso-pharyngeal and vagus, and to the bulbar part of the spinal 
accessory. 

From its superficial origin, the glosso-pharyngeal nerve passes outwards 
across the flocculus, and leaves the skull at the central part of the jugular 
foramen, in a separate sheath of the dura mater, external to and in front of the 
pneurnogastrie and spinal accessory nerves (fig. 636). In its passage through 
the jugular foramen, it grooves the lower border of the petrous portion of the 
temporal bone ; and, at its exit from the skull, passes forwards between the 
jugular vein and internal carotid artery; it descends in front of the latter 
vessel, and beneath the styloid process and the muscles connected with it, to 
the lower border of the Stylo-pharyngeus. The nerve now curves inw'ards, 
forming an arch on the side of the neck and lying upon the Stylo-pharyngeus 
and Middle constrictor of the pharynx. It then passes under cover of theHyo- 
glossus, and is finally distributed to the mucous membrane of the fauces and 
base of the tongue, and the mucous glands of the mouth and tonsil. 
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Fio. 783.—Plan of the glosso-pharjmgoal, pneumogastric, and spinal accessory nerves 

(After ilower.) 
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In passing through the jugular foramen, the nerve presents, in succession, 
two gangliform enlargements (fig. 784). The superior, the smaller, is called the 
jugular ganglion ; the inferior and larger, the petrous ganglion, or the ganglion 
of Andersch. 

The jugular ganglion (ganglion superius) is situated in the upper part of 
the groove in which the nerve is lodged during its passage through the jugular 
foramen. It is of very small size, and involves only part of the trunk of the 

nerve. It is usually regaixied as a detached 
Fig. 784.—Origins, ganglia, and portion of the lower ganglion. 

commuiiicationB of the ninth. The petrous ganglion (ganglion potrosum) 

tenth, and eleventh cranial is situated in a depression in the lower border 

of the petrous portion of the temporal bone; 
it is larger than the superior, and involves 
the whole of the fibres of the nerve. From this 
ganglion arise those filaments which connect 
the glosso-pharyngeal with the pneumogastric 
and sympathetic nerves. 

BrancJtes of communication .—The glosso- 
pharyngefU nerve communicates with the 
pneumogastric, sympathetic, and facial. 

The branches to the pneumogastric arc two 
filaments which arise from the petrous ganglion, 
one passing to the auricular branch, and the 
other to the upper ganglion, of the pneumogastric. 

The petrous ganglion is connected by a filament with the superior cervical 
ganglion of the sympathetic. 

The branch of communication with the facial perforates the posterior belly 
of the Digastric. It arises from the trunk of the glosso-pharyngeal Indow 
the petrous ganglion, and joins the facial just after the exit of that nerve from 
the stylo-mastoid foramen. 

Branches of distribution .—^The branches of distribution of the glosso¬ 
pharyngeal are, the tympanic, carotid, pharyngeal, muscular, tonsillar, and 
lingual. 

The tympanic branch (Jacobson’s nerve, n. tympanicus) arises from the 
petrous ganglion, and enters a small canal on the under surface of the petrous 
portion of the temporal bone on the bony ri^e which separates the carotid 
canal from the jugular fossa. It ascends to the tympanum, which it enters 
by an aperture in the floor of that cavity close to the inner wall, and divides 
into branches. These form the plexus tympanicus nnd are contained in grooves 
upon the surface of the promontory. This plexus gives off : (1) the small 
superficial petrosal nerve ; (2) a branch to join the great superficial petrosal 
nerve ; and (.3) branches to the tympanic cavity, all of wliich will be described 
in connection with the anatomy of the car. 

The carotid branches descend along the trimk of the internal carotid 
artery as far as its commencement, communicating with tlui pharyngeal branch 
of the pneumogastric, and with branches of the sympatludic. 

The pharyngeal branches (rami pharyngei) are three or four filaments 
which unite, opposite the Middle constrictor of the •pharynx, with the 
pharyngeal branches of the pneumogastric and sympathetic nerves, to form 
the pharyngeal plexus ; branches from this plexus perforate the muscular 
coat of the pharynx and supply its muscles and mucous membrane. 

The muscular branch is distributed to the Stylo-pharyngcus. 

The tonsillar branches (rami tonsillares) supply the tonsil, forming around 
this body a plexus (circulus tonsillaris) from which filaments are distributed to 
the soft palate and fauces, where they communicate with the palatine nerves. 

The lingual branches (rami linguales) are two in number : one supplies 
the circumvallate papillio and the mucous membrane covering the surface of 
the base of the tongue ; the other perforates the substance, and supplies the 
mucous membrane and follicular glands of the posterior part of the tongue, 
and communicates with the lingual nerve. 

Applied Anatomy .—The exact anatomy of this nerve is still doubtful, and disease in 
it alone cannot usually be diagnosed. 
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Tenth Nerve (figs. 783, 786, 786) 

The Tenth or Pneumograstric nerve (u,.y.a^s) ha® a extensive 
distribution than any of the other cranial nerves, since it passes through the 
neck and thorax to the upper part of the abdomen. It is composed of both 
motor and sensory fibres. It supplies the organs of voice and respiration 
with motor and sensory fibres; and tlxe pharynx, oesophagus, stomach, and 
heart with motor fibres. 

The superjicial origin of the pneumogastric nerve is by eight or ten filaments 
from the groove between the olivary and restiform bodies, below the glosso¬ 
pharyngeal. The sensory fibres arise from the cells of the ganglion of the root 
and the ganglion of the trunk of the nerve, and, when traced into the medulla, 


Pio. 785.—^Mid- and hind-brains and upper part of spinal cord exposed from behind. 
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mostly terminate by arborising around the cells of the inferior part of the 
nucleus which lies beneath the ala cinerea in the lower part of the floor of 
the fourth ventricle. Some of the sensory fibres of the glosso-pharyngeal nerve 
have been seen to terminate in the upper part of this nucleus. A few of the 
sensory fibres of the vagus descend in the fasciculus solitarius and terminate 
around its cells. The motor fibres arise from the colls of the nucleus ambiguus, 
already referred to in connection with the motor root of the glosso-pharyngeal 
nerve. 

The filaments become united, and form a flat cord, which passes outwards 
beneath, the flocculus to the jugular foramen, through which it emerges 
from the cranium. In passing through this opening, the pneumogastric is 
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acoompaniecj by the spinal accessory, and is' contained in the same sheath 
of dura mater with it, a membranous septum separating them from the glosso¬ 
pharyngeal which lies in front (fig. 636). The nerve in this situation presents 

a well-marked ganglionic 
Fig. 786.—Course and distribution of the ninth, tenth, enlargement, which is called 
and eleventh cranial nerves. the ganglion of the. root 



(ganglion jugulare) ; to it 
the accessory part of the 
spinal aticessory nerve is 
connected by one or two 
filaments. After its exit 
from the jugular foramen 
the nerve is joined by the 
accessory portion of the 
spinal accessory, and en¬ 
larges into a second gangli- 
form sweUmg, ctdled the 
ganglion of the. trunk (gan¬ 
glion nodosuu^ ; through 
this the fibres of the acces¬ 
sory portion of the spinal 
accessory pass unchanged, 
being principally distri¬ 
buted to the ])haryngeal 
.and superior laryngeal 
branches of the vagus, but 
some of the filaments from 
it arc continued into the 
trunk of the vagus below 
the ganglion, to be distri¬ 
buted with the recurrent 
Laryngeal nerve and prob¬ 
ably also with the cardiac 
nerves. The vagus nerve 
passes vrjrtically down the 
neck within the carotid 
sheath, lying between the 
internal carotid artery 
and internal jugular vein 
as far as the thyroid carti¬ 
lage, and then between the 
same vein and the common 
carotid artery to the root of 
the neck. From this down¬ 
wards, the course of the 
nerve differs on the two 
sides of the body. 

On the rigid side, the 
nerve passes across the siib- 
clavi.an artery botiveen it 
and the right innominate 
vein, and descends by the 
side of the trachea to the 
back part of the root of the 
lung, where it spreads out 
in a plexiform network (pos- 
terior jmlmonary plextis). 
From the lower part of 


this two cords descend on 


the oesophagus, and divide to form, with branches from the opposite 
nerve, the oesophageal plexus {plexm gules). Below, these branches are 
collected into a single coi-d, which runs albng the back part of the oesophagus, 
enters the abdomen, and is distributed to the posterior surface of the stomach, 
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joining the left side of the solar plexus, and sending filaments to the splenic 
plexus and a considerable branch to the ccehoc plexus. 

On the left side, tho pneumogastric nerve enters the chest between the left 
carotid and subclavian arteries, beliind the left innominate vein. It crosses the 
arch of the aorta, and descends behind the root ot the left lung, forming the 
‘posterior p^ilmomry plexus. Erom this it runs along tlie anterior surface of 
the msophagus, where it unites with the nerve of the right side in forming 
the plexus gulce, and is conlinu<»d to the stomacli, distributing branches over 
its anterior surface ; some of tlieso extend over the fundus, and others along 
the lessor curvature. Filaments from these branches enter the gastro-hepatic 
omentum, and join tho hepatic plexus. 

The gangli(m ©f-the root is of a greyish colour, spherical in form, about 
one sixth of an inch in diameter. 

Branches of communication .—To this ganglion the accessory portion of the 
spinal -accessory nerve is conrie<ded by several delicate filaments ; it also 
communicates by a twig with the iwtroua ganghon of the glosso-pharyngeal, 
with tlio facial nerve by means of its auricular branch, and witli tlie 
^y'l^pathctic by means of an ascending filament from the superior cervical 
ganglion. 

The ganglion of the trunk is a plexifomi cord, cylindrical in form, of a 
reddish cudour, and about an inch in length ; it involves tho whole of th«i 
fibres of the nerve. Passing through it is the accessory portion of the spinal 
accessory mave, which blends witli the pneumogastric below tho ganglion. 

Branches of communicalUm. —'I'liis ganglion is connected with tlie hypo¬ 
glossal. the superior cervical ganglion of the sympathetic, and tho loop between 
the first and siicond cervical nerves. 

Branches of distrilmtion. —Tin* branches of tluf ]meumogastric are ; • 

Tn the jugular fossa 


In the neck . 


In the thorax 
In the abdomen . 

The meningeal branch (ramus moningcus) is a recurrent filament given 
off from the ganglion of the root in the jugular foramen. It passes backwards, 
tluough the jugular foramen, and is distributed to the dura mater covering 
the posterior fossa of the base of the skull. 

The auricular branch (ramus auricularis), or nerve of Arnold, arisRs 
from tho ganghon of the root, and i3.jjained soon after its origin by a lament 
from the petrous giuighon of the glosso-pharyngeal; it passes outwards behind 
- the jttgulM' -vein, and enters, a small canal on the outer wall of the jugular fossa. 
Traveling the substance of the temporal bone, it crosses the aqueductus 
laUopii^ about one-sLxth of an inch above the stylo-mastoid foramen, and 
here it gives off an ascending branch which joins the facial. The continuation of 
the nervo reaches the surface by passing through the auricular fissure between 
the mastoid process and tho tympanic plate, and divides into two branches, 
one of which communicates with the posterior aui’icular nerve, while tho other 
sui^phes the integument at the back part of tho pinna and the posterior part 
of the external auditory meatus. 

The pharyngeal branch (ramus pharyngcus), the principal motor nerve 
of tho pharyiw, airisea.jErQm-.the upper part of the gangUon of the,, trunk- 
It coflsiatB principally of filaments from the accessory portion of the spinal 
accessory ; it .passes across-the internal carotid artery to the upper border of 
t he MkUH o constrictor, where it divides into numerous filaments, which join 
with those from the glosso-pharyngeal, sympathetic, and external laryngeal 
to form tho pha ryngeal plexu s. From the plexus, branches are distributed to 


! Meningeal. 
i Auricular. 

I Pharyngeal. 

1 Superior laryngeal. 

! Recurrent laryngeal. 
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the iQuacles and muoaiUMaembrane of the pharynx and the muscles of the 
s oft pala te, except the Tensor palati. A minute filament descends and joins 
thrrhypbglossal nerve as it winds round the occipital artery. 

The superior laiyngeal nerve (n. laryti^eus superior) is larger than the 
preening, and arhes.Irom the middle of the ganglion of the trunk. In 
its course it receives a branch from the superior cervical ganglion of the 
sympathetic. It-dfiscenda, by the side of the pharynx, behind the internal carotid 
artery, and divides into two branches, the external and internal laryngeal. 

The external laryngeal branch (ramus cxtcrrius), the smaller, descends on. the 
larynx, "beheath the Stcrno-thyi’oid, to supply the Oico-thyroid muscle. It 
gives branches to the j)haryiig<;al plexus and the Inferior constrictor, and com¬ 
municates with the superior cardiac nerve, behind the ctnumon carotid artery. 

The internal laryngeal branch (ramus intern us) descends to the thyro-hyoid 
membrane, pierces it in company with the superior laryngeal artery, and is 
dis tribu ted td'"the mucous membrane of the larynx. A simill branch com¬ 
municates with the recurrent laryngeal nerve. Of the branches to the mucous 
membrane some are distiibuted to the epiglottis, the base of the tongue, and 
the epiglottic glands ; while others puss bafikv'ards, in the aryteno-epiglottic 
fold, to supply th(i mucous membrane sui-roundiug the superior orifice of the 
larynx, and that lining Ihc' cavity of the larynx as low dowm as the vocal 
cord. The filament which joins with the recurrent laryngeal descends beneath 
the mucous membrane on the inner surface of the thyroid cartilage, where the 
two nerves become united. 

The inferior or recurrent laryngeal nerve (n. reenrrens), so (allied from 
its reflected course, is the motor nerve of the larynx. It arises, on the right side, 
in front of the subclavian arteiy ; winds from before backwards round that 
vessel, and ascends obliquely to the side of the trachea behind the common 
carotid, and ('ither in front of or behind the inferior thyroid artery. On_the 
left side, it arises in front of the arch of the aorta, and winds from before 
backwards below tlai aorta at the point where the obliterated ductus arte¬ 
riosus is at tached, and then ascends to the side of the trachea. The nerve 
on eitlK^r side ascends in the groove bclwccji the trachea and uisophagus, 
passes under th(i lowc)' border of the Inferior constrictor muscle to enter the 
larynx behind the articulation of the inferioT' coniu of the thyroid cartilage 
with the crk'oid, and is distributed to all tlie muscles of the larynx, excepting 
the Crico-tJiyroid. Jt communicates with the superior laryngeal nerve, and 
gives off a few filaments to the mucous membrane of th(*. lower part of the larynx. 

The recurrent laryngeal, as it hooks round the subclavian artery or aorta, 
gives off several cardiac filaments, which unite with the cardiac branches from 
the pneumogastric and sympathetic. As it ascends in the neck it gives off 
oesophageal bramdies, more numerous on the left than on the right side, wdiich 
supply the mucous membrane and muscular coat of the oesophagus ; tracheal 
branches to the mucous membrane and muscular fibres of the trachea ; and 
some pharyngeal filaments to 1 he Inferior constrictor of the pharynx. 

The cervical cardiac branches (rami cardiaci superiores), two or three in 
number, arise from the ]meumogastric, at the upper and lower parts of the 
neck. 

The superior branches are small, and communicate ivith the cardiac branches 
of the sympathetic. They can bts tra<;ed to the great or deep cardiac plexus. 

The inferior branch, arises at the lower part of the neck, just above the first 
rib. That from the right vagus passes in front or by the sid(! of the innominate 
artery, and communicates with one of the cardiac nerves proceeding to the 
great or deep cardiac plexus ; that from the left runs down across the left side 
of the arch of the aorta, and joins‘the superficial cardiac plexus. 

The thoracic cardiac branches (rami cardiaci inferiorcs). on the right 
side, arise from the trunk of the pneumogastric as it lies by the side of the 
trachea, and from its recurrent laryngeal branch; but on the left side from 
the recurrent nerve only; passing inwards, they end in the deep cardiac 
plexus. 

The anterior pulmonary branches (rami bionchiales anteriores), tw'o or 
three in number, and of small size, are distributed on the anterior surface of 
the root of the lung. They join with filaments from the sympathetic, and 
form the anterior pulmonary plexus (plexus pulmonalis anterior). 
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Th{?< posterior pulmonary- branches (rami broachiales posteriori), 
more numerous and larger than the anterior, are distributed on the posterior 
surface of the root of the lung ; they are joined by filaments from the third and 
■fourth (sometimes also from tlio first and second) thoracic ganglia of the sym¬ 
pathetic, and form the •posterior pulmonary plexus (plexus pulmonalis posterior). 
Branches from this plexus accompany the ramifications of the bronchi through 
the substance of the limg. 

The (esophageal branches (rami oesophagei) are given off from tlie 
pneumogastric both above and below the pulmonary branches. The lower 
are more numerous and larger than the ui)per. They form, together with 
branches from the opposite nerve, the ossop/Mgeal plexus. From this plexus 
filaments are distributed to the btwsk of the pericardium. 

The gastric branches (rami gastrici) are the terminal filaments of the 
pneumogastric nerve. The nerve on the right side is distributed to the posterior 
surface of the stomach, and joins the left side of the cocliae plexus and the 
splenic plexus. The nerve on the left sides is distributed over the anterior 
surface of the stomach, and along the lesser curvature. It unites with 
branches of the right nerve and with tin*, sympathetic, some filaments passing 
through the lesser omentum to the hepatit plexus. 

Applied Anatomy. —The trunk of the pncumog-'Stric is rarely injured, but the functions 
of the nerve may be interfered with by damage to its nucleus of origin in the rae<lulla ; 
by thickening or growth from the moninges or bones, or juieurysm of the basilar artery, 
.l)efore its exit from the skull , injuries such as gunshot or punctured W'ounds in the nock, 
or injuries during such ojjeratinns as ligature of the carotid artery, removal of tuberculous 
glands or other deep-seated tumours. Tho i)neuraogastTic may also be compressed by 
aneurysms of tlie (iarotid artery, and its deep origin becomes affecited in bulbar paralysis. 
The symptoms produnorl by paralysis of the nerve are ])alpitation, with increased frequency 
of tho pulse, constant vomiting, slowing of tlu! respiration, and a sensation of suflooatiou. 

‘ Reflexes ’ on tlie branches of the vagus are not at all uncommonly mot with. The 
‘ o.ar cough ’ is iierhais ono of the commonest, whore a ])liig of wax in the auditory moiitus 
may by irritating tho filaments of Arnold’s nen^e bo responsilde for a persistent cough. 
Syringing the external anditory mcatns frequently produces cough, and, in children, 
vomiting is not uncommon as tho result of such a jiroccdure ; moreover, in people with 
weak hearts, syringing tho ear has been rcsjwnsiblo for a sudden fatal syncope, by 
reflex irritation of tho cardiac branches. Another very common example, is the pcrsislent 
cougli which is freciuenf ly due to enlarged hroncliial glands in children, tho irritation of 
which is referred to the su|)crior laryngeal filaments. 

Tho anatomy of tho laryngeal nerves is of considerable importance in considering some 
of the morbid conditions of tbe larynx. When the pcrijiheral terminations of the superioi 
laryngeal nerve are irritated hy some foreign body passing over them, reflex spasm'of 
tho glottis is the result. When its trunk is preset upon by, for instance, a goitre 
or an aneurysm of the upper part of the carol id, there is a peculiar dry, brassy cough. 
When the nerve is paralysed, there is anmsthesia of the mucous membrane of the larynx, 
so that foreign bodies can readily enter tho cavity, and, as the nerve also supplies the 
t ricothyroid muscle, the vocal cords cannot be made tense, and the voice is deep and 
hoarse. Paralysis may be the result of bulbar paralysis ; may be a sequel to dijihriieria, 
when botli nerves are usually involved; or it may, though Itsts commonly, be 
caused by tho pressure of tumours or aiieur 3 f 8 mB, when the paralysis is generally 
unilateral. Irritation of the recurrent or inferior laryngeal nerves produces spasm of the 
muscles of the larynx. When both these reciurrent nerves are paralysed, the vocal cords 
are motionless, in tho*so-called ‘ cadaveric position ’—that is to say, in the position in which 
they are found in ordinary tranquil respiration ; neither closed as in phonatioii, nor open 
as in deep inspiratory efforts. \^en ono rocurrent nerve is psiralyscd, the cord of the same 
side is motionless, while the opposite one crosses tho middle lino to accommodate itself 
to the affected one; hence phonation is present, but tho voice is altered and 
weak in timbre. Tbe nerves may be paralyse in bulbar paralysis or after diphtheria, 
when the paralysis usually affects both sides; or they may be affected by the pressure 
of aneurysms of the aorta, innominate, or subclavian arteries ; by mediastinal tumours ; 
by gummata; or by cancer of tho upper part of the oesophagus, when the paralysis is 
often unilateral. Paralysis of the adductor muscles of the larynx on both sides is quite 
common, and is usually functional in nature. The voice is reduced to a whisper, but the 
power of coughing is preserved. 

Eleventh Nerve (figs. 783, 785, 78C) 

The Eleventh or Spinal Accessory nerve (n. accessorius) consists of two 
parts : one, the accessory part to tho vagus, and the other the S 2 )inal portion. 
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The bulbar or accessory part is the smaller of the two. Its fibres arise 
from the cells of the nucleus ambiguus and emerge as four or five delieate 
filaments from the side of the medulla, below the roots of the vagus. It passes 
outwards to the jugular foramen, where it interchanges fibres with the spinal 
portion or becomes united to it for a short distance ; it is also connected, in the 
foramen, w'ith the ganglion of the root of the vagus by one or two filaments. It 
then passes through the foramen, and becoming again separated from the spinal 
portion it is continued over the surface of the ganglion of the trunk of the vagus, 
being adherent to its surface, and is distributed principally to the pharyngeal 
and superior laryngeal branches of the pneumogastric. Through the pharyngeal 
branch it probably supplies the Azygos uvulae and Levator palati muscles (see 
page 486). Some few filaments from it are continued into the trunk of the vagus 

Fio. 787.— l*lan of (he hy^Higlossal nerve. 
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below the ganglion, to be distributed Avith the recurrent laryngeal nerve and 
probably also with the cardiac nerves. 

'Phe spinal portion is firm in kixture, and its fibres arise from the motor 
cells in the outer part of the anterior horn of the grey matter of the spinal cord 
as low as the fifth cervical nerve. Passing outwards and backwards through the 
lateral white column of the cord, they emerge on its surface and unite to form 
a single trunk, which ascends between the hgamentum denticulatum and the 
posterior roots of the spinal nerves, enters the skull through the foramen 
magnum, and is thcji directed outwards to the jugular foramen, through which 
it passes, lying in the same sheath of dura mater as the pneumogastric, but 
separated from it by a fold of the arachnoid. In the jugular foramen, it 
receives one or two filaments from the accessory portion, or else joins it for a 
short distance and then separates from it again. At its exit from the jugular 
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foramen, it runs backwards, either in front of or behind the internal jugular 
vein, and descends obliquely behind the Digastric and Stylo-hyoid muscles 
to the upper part of the Stemo-mastoid. It pierces this muscle, and passes 
obliquely across the posterior triangle, to terminate in the deep surface of 
the Trapezius. During its passage through the Storno-mastoid it gives 
several branches to the muscle, and joins in its substance with branches from 
the second cervical. In the posterior triangle it joins with the second and 
third cervical nerves, while beneath the Trapezius it forms a plexus with 
the third and fourth cervical nerves, and from this plexus fibres arc distributed 
to the muscle. 

ApjMed Anatomtj. —The functions of tlie spinal accessory nervo may be interfered 
Avith either by central changes ; or at its esit from the skull, by fractures running across 
the jugular foramen ; or in the neck, by inflamed lymphatki glands, &c. The acute wry 
neck in children is most conunonly due to inflamed or suppurating glands, and rapidly 
subsides witli appropriate treatment. Central irritation causes clonic spasm of the Stern o- 
mastoid and Trapezius muscles, or, as it is termed, spasmodic torticollis. In cases of this 
affection in which all previous palliative treatment has failed, and the spasms are so severe 
tws to undermine the patient’s health, division or excision of a portion of the spinal accessory 
nerve has been resorted to. This must be done from the anterior border of the iSterno- 
mastoid muscle. The operation consists m making an incision, three inches in length, from 
the apex of the mastoid process along the anterior border of the muscle, which is dotined 
and pulled backwards, so .as to stretch the nerve, which is then to bii sought for beneath 
the Digastric muscle, about two inches below the apex of tlio mastoid process. Ihifortu- 
mately, the operation docs not yit ld a satisfactory or permanent cure, as the spasms tcml 
to recur after an interval, either in the same muscles or in other grouyis of neck muscles. 

In cases where extensive dissei’tions arc undertaken for enlarged glands in the posterior 
triangle of the necik, it is essential that this nervo should be at tuKa'. sought for and isolated 
from the mass of inflamed glands so ns to maintain its continuity, as otherwise it? would 
he very liable to be <livided, with resulting jwralysis of the I’rapezius. 

Twelfth Nerve (figs, 7S5, 7S7, 788) 

The Twelfth or Hypoglossal nerve (n. hyj)oglossus) is the motor nerve 
of the tongue. 

Its .fibres arise from the cells of the hypoglossal nucleus, which is an upward 
prolongation of tlio base of the anterior horn of grey matter of the cord. This 
iiucUmis is about three-quariors of an inch in length, and its upper part (jorre- 
sponds witli tlie trigonum hypoglossi, wliicJi is situated close to the middle line in 
the lowei- half of the floor of the foui t h v<mtri(!le. The lower p.art of the nueleus 
exteuds downw'ards into IJie (dosed part of the medulla, and f here lies in relation 
to tlie ventro-lateral as})ect of the central canal. The. .fibres run forwards 
through the entire thickness of the medulla, between its anterior and lateral 
areas, .and emerge in tlie pre-olivary sulcus between tlie pyramid and the olivary 
body. 

The filaments of this nerve are collected into tw'o bundles, wdiich perforate 
the dura mater separately, opposite the anterior cjondyloid foramen, and unite 
together after their passage through it. In those eases in wdiieh tlie anterior 
condyloid foramen in the oecipit.al bone is double, these tw-'o portions of the 
nerve are separated by the small piece of bbne wdiieh divides the foramen. 
The nerve desccncfs almost vertically to a point eorresponding with the angle 
cdiiio- jaw. Jt is at first deeply sealed beneath the internal caiolid artery and 
internal jugular vein, and intimately connected with the pneumogastric nciwe ; 
it .then passes forwards between the vein and artery, and low'er down in the 
neck becomes suiieiiicial below^ the Digastric muscle. The nerve then loops 
rounci the occipital artci’y, and crosses the external carotid and lingual 
below the tendon of the Digastric. It passes beneath the tendon of the 
Digastric, the Stylo-hyoid, and the IVlylo-hyoid muscles, lying, between the 
last-named muscle and tlie Hjo-glossus, and communicates at the anterior 
border of the Hyo-glossus witli the lingu,al nerve ; it is then continued forwards 
in the fibres of tlie Genio-liyo-glossus muscle as far as the tip of the longue, 
dTsTriButing branches to its muscular substance. 

Branches of communication .—The branches of communication are, with the. 

Pneumogastric. First and second cervical nerves. 

Sympathetic. Lingual. 



940 


NEUROLOGY 



Branches of distribtUion .—The branches of distribution are, the 

Meningeal. Thyro-hyoid. 

Uescendens hypoglossi. Muscular. 

Of these branches, the meningeal, descendens liypoglossi, thyro-hyoid, and 
the muscular branch to the Genio-hyoid, are probably derived mainly from the 
branch Avhich passes from the loop between the first and second cervical to join 
the hypoglossal (tig. 787). 

Meningeal branches. —^As the hypoglossal nerve passes through the 
anterior condyloid foramen it gives off, according to Luschka, several filaments 
'to the dura mater in the posterior fossa of the base of the skull. 

descendens .hypoglossi (ramus descendens) is a long slender branch, 
which quits the hypoglossal where it turns round the occipital artery. It 
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^cends in front of the sheath of the carotid vessels, giving off a branch to the 
anterior belly of the Omo-hyoid, and then joins the descendens cervicis (ramus 
communicans hypoglossi) from the second and third cervical nerves, just below 
the middle of the neck, to form a loop, the «?wn hypoglossi. From the con¬ 
vexity of this loop branches pass to sypply tlio Sterno-hyoid, the Sterno¬ 
thyroid, and the ])Osterior belly of the Omo-hyoid. According to Arnold, 
another hiament descends in front of the vessels into the chest, and joins the 
cardiac and phrenic nerves. 

The thyro-hyoid branch (ramus thyroohyoideus) arises froiii the 
hypoglos.sai near the posterior bordcir of the Hyo-glossus ; it runs obliquely 
across the great cornu of the hyoid bone, and sup])lU!S the Tiiyro-hyoid muscle. 

The muscular branches are, distributtKl to the Stylo-glossus, Hyo-glossus, 
Conio-hyoid, and Geiiio-hyo-glossus muscles. At the under surfjtce of the 
tongue numerous slender branches pass upwards into the substance of 
the organ to suiq)ly its intrinsic muscles. 


Applied Anatomi /.—Ttie hypoglossal nerve is aii important guide in the operation of 
ligature of the lingual artery (see page 631). It runs forwards on the Hyo-glossus just, 
above the great cornu of the hyoid bone, and forms the upper boundary of the triangular 
sj)ace in which the artery is to be sought for by cutting through the fibres of the Hyt>- 
glossus. In cases where it has been injured on one side of the neck, or in some cases 
of bulbar i)aTalyBis, unilateral paralysis, together >vith hemiiitrophy of the longue, is the 
result; the tongue, when protruded, being directed to the paralysed side owing to the 
unopposed action of the Genio-hy >-glossusof the opposite side. Oti retraction, the wasted 
and paral 3 raed side of the tongue rises up higher than the other. The larynx may deviate 
towards the sound side on swallowing, from the unilateral paralysis of the depressors of 
the hyoid bone. If the paralysis is bilateral, the tongue lies motionless in the mouth, 
w'hilo articulation and mastication are much interfered with. » 


THE SPINAL NERVES (NERVI SPINALES) 

The spinal nerves spring from the spinal cord, and are transmitted 
through the intervortobral foramina. They number thirty-one pairs, which 
arc grouped as follows : 

Cervical, 8 ; 

Thoracic, 12 ; 

Lumbar, 5; 

Sacral, 6; 

Coccygeal, 1. 

The Jirsi cervical nerve emerges from the vertebral canal between the occipital 
bone and the atlas, and is therefore called the suboccipital nerve, (n. suboccipi- 
t.dis): theeightli issues between the seventh cervical and first thoracic vertebra;. 

Nerve roots.— Each nerve is attached to the spinal cord by two roots, 
an anterior or ventral, and a posterior or dorsal, Hie latttT being characterised 
by the presence of a ganglion, the spinal ganglion. 

The anterior root (radix anterior) emerg,es from the anterior surface of 
the cord as a nuiikbor of rootlets or fasciculi (fila radicularia), which cojilesco 
to form two bundles near the intervertebral foramen. 

The posterior root (nuiix jiosterior) is larger than the anterior owing to the 
greater size and number of its fasciculi; these arc attached along the postero¬ 
lateral furrow of the spinal cord and unite to form two bundles which join the 
spinal ganglion. The posterior root of the first cervical nerve is exceptional 
in that it is smaller than the anterior; it is occasionally wanting. 

The spinal ganglia (ganglia spinalia) are ecjllections of nerve cells on the 
posterior roots of the spinal nerves. Each ganglion is oval in shape, reddish 
in colour, and its size bears a proportion to that of the nerve root on which it 
is situated ; it is bifid internally where it is joined by the two bundles of the 
posterior nerve root. The ganglia are usually placed in the intervertebral 
foramina, immediately outside the points where the nerve roots perforate 
the dura mater, but there are exceptions to this rule ; thus the ganglia of tJie 
first and second cervical nerves lie on the neural arches of the atlas and axis 
respectively, those of the sacral nerves are inside the vertebral canal, while 
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that on the posterior root of the coccygeal nerve is placed within the sheath 
of dura mater. 

Strvcture. —Tlu; ganglia consist chiefly of unipolar nerve cells, and from these 
the fibres of the ])ostorior root take origin—the single process of each cell 
dividing after a sliort coursci into a central fibre which enters the spinal cord 
and a peripheral fibre which runs outwards into the spinal nerve. Two other 
forms of cells an;, howevci-, present, viz. : (a) the cells of Dogiel, whose axons 


fni. 789.—Distribution of nutanoous nerves. 
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ramify close to the cell (type II. of Golgi), and are distributed entirely within 
the ganglion; and (6) multipolar cells similar to those found in the sympathetic 
ganglia. 

The ganglion of the first cervical nerve may be absent, while small aberrant ganglia 
consisting of groups of nerve colls are sometimes found on the posterior roots between 
the spinal ganglia and the cord. 

Each nerve root receives a covering from the pia mater, and is loosely 
invested by the arachnoid membrane, the latter being prolonged as far as the 
points .where the roots pierce the dura mater. The two roots pierce the dura 
mater separately, each receiving a sheath from this membrane ; where the 
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roots join to form the spinal nerve this sheath is continuous with the epineurium 
of the nerve. 

Size and direction. —The roots of the upper four cervical nerves arc 
small, those of the lower four are large. The posterior roots of the cervical 
nerves bear a proportion to the anterior of three to one, wliich is greater than 
in tlic other regions ; their individual filaments are also larger than those of 
the anterior roots. The posterior root of the first cervical is an ex(;eption 
to this rule, being smaller than the ante,rior root; in eight per cent, of cases 
it is wanting. The roots of the first and second cervical nerves are sliort, and 
run nearly horizontally outwards to their points of exit from the vertebral 
canal. Prom the second to the eighth cervical they are directed obliquely 
downwai-ds and outwards, the obliquity and length of the roots successively 
increasing; the distance, however, between the level of attiwliment of any 
of these roots to the cord and the points of exit of the corresponding nerves 
never cxcticds tlui depth of one vertebra. 

The roots of the thoracic nerves, Avith the exception of the first, are of small 
size, and the posterior only slightly exceed the anterior in thickness, 'riu^v 
incretxse successively in leuigth, from above downwards, and in the lower part of 
the thoracic region dtiscond in cont act witl. the cord for a distance equal to the 
lusiglit of at le.asl. t wo vertebra? btifon? they emerge from, the vtsrtebral canal. 

The roots of flu* low(?i- lumbar and u])|» r sacral nerves arc the largest, and 
their individual filaments tlu? most numerous of all the s[)inal nerves, whilo the 
roots of the mccygeal nerve arc the smallest. 

The roots of tin? lurnbai-, .sacral, and cocseygcal nerves run vertically doAvn- 
wards l,t) their rcsp(!C‘tive exits, and a.s the spinal cord ends near the loAver 
border of tlic first lumbar vertebra it follows that the length of the successive 
root.s must rapidly increa.se. As alr(?ady mentioned (i>agc 797), the term 
cauda equina is ap])lied to this collc(!tioji of nerve roots. 

Prom the description given it AA'ill be seen that the largest nerve roots, 
and consequently the largest spinal nerves, are attached to the cervical and 
lumbar SAvelliugs of the cord ; these nerves an? distributed to the upper and 
IcAA'cr limbs. • 

Points of emergence.- -The folloAving table, after Macalister, shows the 
relations which the pla(?es of attachment ot tin? nerA^es to the cord present to 
the bodies and spinous processes of the vertebra' : 
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Connections with sympathetic. — Immediately beyond the spinal 
ganglion, the anterior and posterior nerve roots unite to form the spinal nerve 
which emerges through the intervertebral foramen. Each spinal nerve? receives 
a branch (grey ramus communicans) from the adjacent ganglion of the sym¬ 
pathetic cord, while all the thoracic, and the first and second lumbar nerves each 
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contribute a branch {white ramus communicam) to the adjoining sympathetic 
ganglion. The secjond, third, and fourth sacral nerves also supply white 
rami; tliese brandies, however, are not comiectod with the ganglia of the 
sympathetic cord, but run directly into the jiclvic plexuses of the sympathetic. 

Structure.—Eacih typical spinal nerve contains fibres belonging to two 
systems, viz. (he somatic, and the sympathetic or splanchnic, as well as fibres 
connecting these systems with each otlier. 

1. The somatic tilircs are elfcrent and atferent. The efferent tibn^s 
originate in the cells of (he anterior liorn of the spinal cord, and run outwards 
througli the anterior nerve roots to the spinal nerve. Tlicy convey impulses 
to the voluntary muscles, and arc continuous from their origin to tlutir pci-iphcral 
distribution. The afferent fibres convey impressions inwards from tlic skin, &c., 
and originate in the unipolar nerve cells of the spinal ganglia. The single 
processes of these cells divide into iK'i’iphcral imd central fibres, and the latter 
enter the sjnrial cord through the jiostcrior nerve roots. Many of them are 


Fig. 790.—Scheme showing .slructure of a lypical sjuital nerve. 
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continued up the cord to the medulla oblongata, where tlicy,end in the nucleus 
gracilis and nucleus cuncatus, but some form synapses round ctlerent neurons 
in the same or opposite side of the cord, comjileting in this way reflex arcs. 

2. The sympathetic fibres are also efferent and afferent. The efferent 
fibres originate in the lateral horn of the spinal cord and are conveyed through 
the anterior nerve root and the white ramus communieans to the corresponding 
ganglion of the sympathetic chain; here they may end by forming synapses 
around its cells, or may run through the ganglion to end in another of the chain 
ganglia or in a more distaUy placed ganglion in one of the sympathetie plexuses. 
In all cases they (erminate by forming synapses around other nerve cells. From 
the cells of the chain ganglia other fibres take origin ; some of these run inwards 
through the grey rami commuiiicantes to join the spinal nerves, along which 
they are carried to the blood-vessels of the trunk and limbs,* while others pass 

* It. is generally stated that the sympathetic fibres which run in the spinal nerves are 
distributed to the Airectures pilorum muscles and the glands of the skin, but the evidence is 
not condusiTe. 
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to the viscera, either directly or after interruption in one of the distal ganglia. 
The afferent fibres are derived partly from the unipolar cells (type I.) and partly 
from the multipolar cells (type III.) of the spinal ganglia. Their peripheral 
processes are carried outward through the white rami communicantes, and 
after passing through one or more sympathetic ganglia (but always without 
interruption in them) finally terminate in the tissues of the viscera. The 
central processes of the unipolar cells enter the spinal cord through the posterior 
nerve root and form synapses around cither somatic or sympathetic efferent 
neurons, thus completing reflex arcs. The dendrites of the multipolar nerve 
cells form synapses around the cells of type II. (cells of Dogiel) in the spinal 
ganglia, and by this path the original impulse is transferred from the sym¬ 
pathetic to the somatic system, through which it is convoyed to the sensorium. 

Divisions. —After emerging from the intervertebral foramen, each spinal 
nerve gives off a small recnrrenl branch (ramus meningeus) which re-enters the 
spinal canal through the intervertebral foramen and supplies the vertebrae and 
their ligaments, and the blood-vessels of the spinal cord and its membranes. 
It then splits into a posterior or dorsal, and an anterior or ventral division, 
each division containing fibres from both nerve roots. 


POSTERIOR PRIMARY DRTSIONS OF THE SPINAL NERVES 

The posterior primary divisions are as a rule smaller than the anterior. 
They are directed backwards and, with the exceptions of those of the first 
cervical, the fourth and fifth sacral, and the coccygeal, divide into internal and 
external branches (rami mcdialcs et latc.rales) for the supply of the muscles 
and skin of the posterior part of tin* trunk. 

Cervic al, N JSKv es 

The posterior division of the first cervical or suboccipital nerve 

is larger than the anterior division, n ijd crnct-g cn a.hnvf» p«. >nterii^r..im‘h of 
tlio atlas and Jnoneath the v<‘rti‘bral artery. It entm-s the suboccipital triangle 
and supplies the muscles which bound this space, viz. the Rec tus capitis 
postic^^s major, the-Xibliquus superior, and the Obiiquus inferior; it gives 
branches also to the Rectus capitis posticus mumr and the Complex us. A 
filament from the branch to the Obiiquus inferior joins tliTi sccond cervical 
nerve. 

« 

Tho nerve also occasionally gives off a c’ltancons branch which accoinyianias the 
occipital artery to tho scalp, and conimuniuutes with the great and small occijtital nerves. 

Tli& posterior, division .of- the second cervical nerve is much larger 
than the anterior di\ision, and is the greatest of all the posterior cervical 
divisions. It cmwrgcs betivoon the jKistej’ior arch of the atlas and the lamina 
of the axis, bcTow the Inferior ohliqiui. It supplie s a twig to tliis muscle, 
receives a communicating filament from tlie first cervical, and then divides 
into a large interna) and a small external bramdh 

Tim in^ riml branch, called from its size the yjxaiuixipikil nerve (n. occipitalis 
major) ascends obliquely inwards between tlie Obiiquus inferior and the 
Coraplexus, and pierc es the latter muscle and the Trapezius near their attach¬ 
ments to the occipital bone. It is now joined by a filament from the posterior 
division of the third cervical and, a-scending on the back of the head with the 
nrtcry, into branches w'hich cemmuzucato with the small 

occipital nerve andsupply the skin of the scalp as far forw'ard as the vertex 
ofthe skull. It gives off muscular branches to the Complexus, and occasionally 
a twig to the book of the pinna. The external branch supplies filaments to 
the Splenius, Tracdielo-mastoid and Complexus, and is often joined by tJie 
corresponding branch of the third cervical. 

The ftnstponr, , rilYhinn.. ,Qfthkd feryical is intermediate in size 
between those of the second and fourth. li&. irdernal branch nins botu-een the 
Complexus and Semispinalis, and piercing the Splenius and Trapezius, en^ 
in the skin. While under the Trapezius it gives off a branch called the tJiird 
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occipital nerve (n. occipitalis tejjtius) which pierces the Trapezips and ends in 
the skin of the lower part of the back of the head. It lies to the inner side 
of the great occipital and communicates with it. Tips external branch often 
joins tha| of tlie second. 

The posterior division of the suboccipital, and the inner branches of the posterior 
primary divisions of the second and tliirdcervical nerves ai’e sometimes joined by commu¬ 
nicating loops to form the posterior cervical jAexus (Cruveilhier) (fig. 791). 

The posterior divisions of the lower five cervical nerves divide 
into internal and oxternal branches. The internal branches of the fourtlr 


Fig. 791.—Plan of the posterior divisions of the upper cervical nerves. 



and fifth run between the Semispinalis and Complexus, and, having reached 
Jbhe spinous processes, pierce the Splenius and Trapezius to end in the skin, 
(Sometimes the internal branch of the fifth fails to reach the skin. The internal 
branches of the lower three nerves are small, and end in the Semispinalis, 
Mjiltifidus spinse, Complexus and Interspinales. The external branches of 
the lower five nerves supply the OearvicaJis ascendens, Transversalis colli, and 
Trachelo-mastoid. 
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Thokaoio Nerves (fig. 792) 

The internal branches of the posterior divisions of the upper six thoracic 
nerves run inwards between the Semispinalis dorsi and Multifidus spinse, 
which they supply ; they then pierce the Rhomboidei and Trapezius and reach 
tlie skin by the sides of the spinous processes. The internal branches of the 
lower six are distributed chiefly to the Multifidus spinaeandLongissimus dorsi; 
occasionally they give off filaments to the skin near the middle line. 

The external branches increase in size from above downwards. They run 
through or beneath the Longissimus dorsi to the interval between it and the 
Ilio-costalis, and supply these muscles; the lower five or six also give off 
cut^eous branches which pierce the Serratus posticus inferior and 
Latissimus dorsi in a line witli the angles of tlie ribs. The external branches 
of a variable number of the upper thoracic nerves also give filaments to the skin. 

The interna] cutaneous branches of the posterior primary divisions of the thoracic 
nerves descend for some distance close to the spinous process^ before reaching the skin, 
while the external branches travel downwards for a considerable distance—it may be as 
much as the breadth of four ribs—before they become superficial; the branch from the 
twelfth thoracic, for instance, reaches the skin only a little way above the iliac crest.* 


Lumbar Nerves 

The internal branches of the posterior divisions of the lumbar nerves 
lass inwards close to the articular processes of the vertebra; and end in the 
fultifidus spinm. 

, Fig. 793.—^The posterior primary divisions of the sacral nerves. 



The external branches supply the Erector Spin®. The upper three give off 
cutaneous nerves which pierce the aponeurosis of the Latissimus dorsi at the 
■outer border of the Erector spinse and descend skcross the posterior part of 
the- iliac crest to the skin of the buttock, some of their twigs running as far 
as the level of the great trochanter. 

• CJonsult in this connection an article on the cutaneous branches of the posterior primary 
divisions of the spinal nerves, by H. M. Johnston, Journal of Anatomy and Phytiology,’vol.yJni. 
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Sacral Nerves 

The posterior divisions of the sacral nerves (fig. 793) are small, and 
diminish in size from above downwards ; they emerge, except the last, through 
the posterior sacral foramina. The upper three are covered at tlieir points of 
exit by the Multifidus spinae, and divide into internal and external branches. 

The internal branches are small, and end in the Multifidus spinae. 

The external branches join with one another and with the last lumbar and 
fourth sacral to foimi loops on the posterior surface of the sacrum. From these 
loops branches run to the posterior surface of the great sacro-sciatic ligament 
and form a second series of loops under the Gluteus inaximus. From this second 
series cutaneous branches, two or three in number, pierce the Gluteus muximus 
along a line drawn from the posterior superior iliac spine to the tip of the coccyx; 
they supply the skin over the posterior part of the buttock. 

The posterior divisions of the lower two sacsral nerves are small and lie below 
the Multifidus spina). They do not divide into internal and external branches, 
but unitii with each other and with the posterior division of the coccygeal nerve 
to form loops on the back of the sacrum ; filaments from these loops supply 
the skin over the coccyx. 

CoccvuiSAL Nerve 

The posterior division of the coccygeal nerve does not divide into 
an internal and an external branch, but receives, as alroiidy stated, a 
communicating branch from the last sacral; it is lost in the skin over the 
back of the coccyx. 


ANTERIOR PRIMARY DIVISIONS OF THE SPINAL NERVES 

The anterior primary divisions of the spinal nerves (rami anteriores) 
supply the fintero-lateral parts of tlic trunk, and t,he limbs; they are for the 
most part larger than the jjosterior divisions. In the thoracic logion they run 
indep»*ndcntly of one another, but in the cervical, lumbar, and sacral i-egions 
they unite near their oj-igins to form plexuses. 

CERVICAL NERA'ES (NN. CERVICALES) 

'The anterior primary divisions of the cervical nerves, Muth the 
exception of the first, pass outwai-ds between the anterior and posterior Inter- 
transverse muscles, lying on the grooved upper surfaces of the transverse 
processes, and emerge between the muscles attached to the anterior and 
posterior tubercles of these. The anterior 'primary dim non of the first or sub- 
occipital nerve issues from the vei'tebral (ianal above the posterior arch of the 
atlas and runs forwards round the lateral aspect of its superior articular process, 
internal to the vertebral artery. In most cases it descends internal to and 
in front of the Rectus lateralis, but in some cases it pierces the muscle. 

The anterior primaiy divisions of the upj)er four cervical nerves unite to, 
form the cervical plexus, and eticli receives a grey ramus communicans from 
the superior cervical ganglion of the sympathetic cord. Those of the lower 
four cervical, together with the greater part of the first thoracic, form the 
brachial plexus. They each receive a grey ramus communicans, those for 
the fifth and sixth being derived from the middle, and those for the seventh 
and eighth from the lowest, cervical ganglion of the sympathetic, 

Cervicai.. Plexus (Plexus Cervicalis) 

The cervical plexus (fig. 794) is formed by the anterior primary divisions of 
the upper four cervical nerves; each nerve, except the first, divides into an 
upper and a lower branch, and the branches unite to form three loops. It is 
situated opposite the upper four cervical vertebrae, in front of the Levator 
anguli scapula) and Scalenus medius, and covered by the Sterno-mastoid. 

Its branches are divided into two groups, superficial and deep, and are here 
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jivon in tabular form; the figures following the names indicate the nerves 
rom which the different branches take origin: 


Ascending 

Suftrfidal 

Descending or 
Supraclavicular 

I Communicating 


Internal 


Deep 


Muscular . 


Communicating 

I Externa] 

Muscular . 


(Small occipital 
(Great auricular 
(Superficial or transverse] 
1 cervical ^ 

(Sternal ] 

• Clavicular i- 
' Acromial ) 

With hypoglossal . 

„ vagus . • . 

,, sympathetic . 
Rectus lateralis 
Anterior recti 
Communicantes hypo-1 
glossi [ 

Phrenic . 

with Spinal acc(^ssory 
j Stcrno-maaloid 
: Trapezius 

I L(*vator anguli scapulae 
'Scalenus medius 


2, C. 

2, 3, C. 

2. 3, C. 

3, 4, C. 

1. 2, C. 

1, 2, C. 

1 , 2, 3, 4, C. 

1, C. 

1 , 2 , 0 . 

2,3, a 

3,4,5, a 

2, 3, 4, C. 

2, C. 

3, 4, C. 

3, 4, C. 

3, 4, C. 


SuPBHFiciAL Branches op 'ras Cervical Plexus (fig. 795) 

THo small occipital (n. occijutalis minor) arises from the second 
CjCudcaLnerye, sometimes also from the third ; it curves round the posterior 
border of the Stemo-mustoid, and ascends along the posterior border of .the 
muscle. Neaj*, j.h.e* cranium it perforates the deep fascia, and is continued 
upwards along tlic side of tlie head behind the ear, supplying the integument 
and communicating with the great occipital, the great auricular, and the 
posterior auricular branch of the facial. The small occipital vanes in size, 
and is sometimes duplicaled. 

It gives off an auricular branch, which supplies the integument of the 
upper and back part t)f the auricle, communicating with the mastoid branch 
of the great auricular. This branch is occasionally derived from the great 
occipital nerve. 

The g^reat auricular (a. auricularis magnus) is the largest of the ascending 
branches. It ariscss from the second and thiid ccrvicjal nerves, winds round 
the posterior border of the fcJterno-mastoid, and, after perforating tlie"<ieep. 
fascia, ascends upon that muscle beneath the Platysma to the parotid glan d, 
where it divides ipto facial, auricular, and mastoid .branches. 

The facial branches are distributed to the inlegument of the face over the 
parotid gland ; others penetrate tint substance of the gland, and communicate 
with the facial nerve. 

The auricular branches ascend to supply tlu) int<'gument of the back of 
^ the pinna, except at its upiRW part, communit;ating with the auricular branches 
' of the facial and pneumogastric nerves. A Hlamont j)iorces the pinna to reach 
its outer surface, where it is disti-ibuted (o the lobule and lower part of the 
concha. 

The mastoid branch (iommunicates with the small occipital and with the 
posterior auricular branch of the facial, and is distributed to the integument 
behind the car. 

The superficial or transverse cervical (n. cutaneus colli) arises from 
the socojjji_aa(l.llurd ctwvical nerves, turus«sound the posterior border of the 
Stetno-mastoid about its middle, and, paKsjyftg.,iobJliquely iuxwards .beneath the 
external jugular vein to the anterior border of the muscle, perforates the deep 
cervical fascia, and divides beneath the Platysma into two branches, which 
are distributed to the antoro-latoral parts of the neck. 

, The ascending branch gives a filament which accompanies the external jugular 
vein; it then passes upwards to the submaxillary region, and divides into 
branches, some of which form a plexus with the cervical branches of the facial 
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nerve beneath the Platysma; others pierce that muscle, and are distributed to 
the mtegument of the upper half of the neck, at its forepart, as high as the chin. 
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Deep Benches op the Cervical Plexus. Internal Series 

The communicating'branches consist of several filaments, which pass 
from tlho loop between the first and second cervical nerves to the pneumogastric, 
hypoglossal, and sympatlietic. The branch to the hypoglossal ultimately 
loaves that nerve as a series of branches, viz. the descendens hypoglossi, 
the nerve to the Thyro-liyoid and the nerve to the Genio-hyoid (see page 940). 
A communicating branch also passes from the fourth to the fifth cervical, 
while each of the first four cervical nerves receives a grey ramus comrnunicans 
from the superior cervical ganglion of the sympathetic. 


Fig. 795.—The nci’vcs of the scalj), face, and side of the neck. 



Muscular branches supply the Anterior recti and Rectus latcrali.s 
muscles ; th<‘y procseed from the first cervical nerve, and from the loop formed 
between it and the second. 

The communicantes hypoglossi (fig. 794) consist usually of two 
filaments, one dcirivcd from the second, and the other from the third cervical. 
These filaments usually join to form the descendens ccrvicis, which passes down¬ 
wards on the outer side of the internal jugular vein, crosses in front of the vein 
a little below the middle of the neck, and forms a loop (ansa hypoglossi) with 
the descendens hypoglossi in front of the sheath of the carotid vessels (see 
page 941). Occasionally, the loop is formed within the sheath. 
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(n. plirenicus), or internal respiratory nerve of BeU, axiae& 
chieny from me fourth cervical nerve, but receives a filament from the 
third and a branch from the fifth ; the fibres from the fifth nerve occasionally 
come through the nerve to the Subclavius. It descends to the root of the 
neck, runniny"4»bliqiie1y aiC roSie t he frout-oL the-ScalenuS-anticus. and beneath 
the Sterno-mastoid, the posterior belly of the Omo-hyoid, and the transversahs 
colli and suprascapular vessels. It next pa sses ove r the first part of the sub¬ 
clavian artery, between it and the subclavian vein, and, as ^jenters thojahest, 
cr o ss es th e intar naj, p^ammary artery near its origin. Within the chest, it 
descends nearly vertically in front of the root of the lung, and then between 
the j)ericardiunj and the mediastinal portion of the jileura, to the Diaphragm, 
where it divides into brandies, which separately pierce that muscle, and 
are distributed to its under surface. In the thorax it is accompanied 
by a branch of the internal mammary artery, the arteria comes nervi 
phrenici. 

Tile tu'o phrenic nerves differ in their length, and also in fheir relations at 
the upper part of the thorax. 

The right nerve, is situated more dee])ly, and is shorter and more vertical in 
dinuition than the left; it lies on the outer side of the right innominate vein 
and superior vi'ua cava. 

The left nerve is rather longer than the right, from the inclination of the 
heart to the left side, and from the Diaphragm being lower on this than on the 
opposite side. At the root of the neck it is crossed by the thoracic duct; in 
the superior mediastinum it is jilaced between the left (iommon carotid and 
loft subclavian arteries, and crosses in front of the vagus on Ihe left side of 
the ardi of the aorta. , 

Each nerve aup[)lie8 filaments to the pericai’dium and ph'ura, and at the • 
root of the neck is joiru'd by a filament from the sympathetit!, and, occasionally, 
by one from the ansa hypoglossi. Branches have been described as passing 
to the peritoneum. 

Prom the right nerve., one or two filaments pass to join in a small ganglion 
with phrenic bi-auches of the solar jilexus ; and branches from this ganglion are 
distributed to the hepatic plexus, the suprarenal capsule, and infeiior vena 
cava. Prom the left nerve, filaments pass to join the phrenic plexus of the 
symiiathetic, but without any ganglionic enlargement. 

Deep Beanches of the Cervical Flexus. External Series 

Communicatings branches. -- The deej) branches of the external series of 
the cervical plexus communicate with the spinal accessory nerve, in the 
substance of the Sterno-mastoid muscle, in the posterior triangle, and beneath 
t'.e Trapezius. 

Muscular branches arc distributed to the Sterno-mastoid, Trapezius, 
Levator anguli scapulae, and Scalenus medius. 

The branch for the Sterno-mastoid is derived from the seciond cervical ; the 
Trapezius and Levator anguli scapula; receive branches from the third and 
fourth. The Scalenus medius is supplied soinetimes by the third, sometimes 
by the fourth, and occasionally by both nerves. 

Applied Anatomy. — Pains referred to the terminal brandies of the cervical plexus 
are not uncommon in caries of the cervical spine, whore pain may bo felt radiating over the 
occiput, if the disease is situated high uji in the spine. 


The Brachial Plexu.s (Plexus Brachialis) 

The brachial plexus (fig. 796) is formed by the luiion of the anterior primary 
divisions of the lowTr four cervical nerves and the greater part of the anterior 
primary division of the first thoracic nerve; a fasciculus from the fourth cervical 
nerve usually contributes and frequently one from the second thoracic nerve. 
It extends from the lower pait of the side of the neck to the axilla. The nerv^es 
which form the plexus are nearly equal in size, but their mode of commuiiicalion 
is subject to some variation, so that no one plan can be given as applying 
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to every case. The following is, however, the roost constant arrangement. 
The fifth and sixth cervical unite soon after their exit from the intervertebral 
foramina to form a common trunk. The eighth cervical and first thoracic also 
xmite to form one trunk, while the seventh cervical runs out alone. Three trunks, 
are thus formed, an upper one, formed by the junction of the fifth and sixth 
cervical nerves ; a middle one, consisting of the seventh cervical nerve ; and a 
lower one, formed by the junction of the eighth cervical and first thoracic nerves. 
As they pass beneath the clavicle, each of these three trunks divides into two 
divisions, an mUerinr and a posterior.* The anterior divisions of the upper 


Flo. 790,—Plan of brachial plexus. 



To /joni/m colli 
tutd iictihin 


To Lonquit colU 

l$Ki Sottlflri 


To JfOUijut. coiU 
ftml tScnfeui 
ToAhotor 
(hortu'ie 


To Lonj/ut rot It 
(iml cSatlmi 


and middle trunks then unite to form a cord, wliicli is situated on the outer 
side of the middle part of the axillary artery, and is called the outer cord of the 
brachial plexus. The anterior division of the lower trunk jiasses down on the 
inner side of the axillary artery in the middle of the axilla, and forms the 
innejr cord of the brachial plexus. The postciior divisions of all three trunks 
unite to form the posterior cord of the brachial plexus, which is situated behind 
the second portion of the axillary artery. 

Relations. —In the neck, the brachial plexus lies in the posterior triangle, 
being covered by the skin, Platysnia, and deep fascia : it is crossed by the 
descending superficial cervical nerves, the posterior belly of the Omo-hyoid, the 
external jugular vein, and the TransversaJis colh artery. When the posterior 
scapular artery arises from the third part of the subclavian, it usually passes 
between the roo1,s of the plexus. The plexus emerges from between the Anterior 
and Middle scalenus muscles; its upper part lies above the tliird part of the 
subclavian arteiy, while the trunk formed by the union of the eighth cervical 
and first thoracic is placed behind the artery; it next passes behind the clavicle, 

• Tbc posterior division of the lower trnnk is very much sniiiUer than the others, and is 
frequently derived entirely from the eighth cen'ical nerve. 
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the Subclavius muscle and suprascapular vessels, and lies upon the first seiTation 
of the Serratus inagnus, and the Subscapularis. In the axilla it is placed on 
the outer side of the first portion of the axillai^ artery ; it surrounds the second 
part of the artery, one cord lying upon the outer side of that vessel, one on the 
inner side, and one behind it; and at the lower part of the axillary space gives off 
its terminal branches to the upper extremity. 

Branches of communication.- -The brachial plexus communicates with 
the cervical plexus by a branch from the fourth to the fifth nerve, and with 
the phrenic nerve by a branch from the fifth cervical, which joins that nerve 
on the Scalenus anticus. Close to their exit from the intervertebral foramina 
the fifth and sixth cerviisal nerves an* Joined by filaments from the middle 
cervical ganglion of the sympathetic, the seventh and eighth cervical by twigs 
from the inferior ganglion, and the first thoracic nerve by a branch from the 
first thoracic ganglion. 

Branches of distribution. —Tlie branches of the brachial plexus may be 
arranged into two groups, viz. those given off above and those below the clavicle. 


SurBACLAViciTnAK Branches 


Communicating 


.Vliiscuiar to 


(with phrenic. 

(with sympathetic .... 
BJiomboids (iiosterior scapular) 

. Sub(*lavius . ■ 

I S orratu fr-magnus (posterior thoriwi(i) 

I Longiis colli. 

'Scalcni. 


5 C. 

5, G, 7, 8 C, 1 T. 
Ti C. 

6 , G C. 

5, G C. 

5, G, 7 C. 

5, G, 7, 8 C. 

5, G, 7, 8 C. 


The communicating branch with the plmuiic is derived from the fifth 
cervical nerve or from the loop between the fifth and sixth ; it joins the phrenic 
on the Scalenus anticus. The communications with the sympathetic have 
already been referred to. 

The unnamed muscular branches supply the Longus colli, Scalcni, and 
Subclavius. Those for the Longus colli and Scalcni arise from the four lower 
cervical nerves at their exit from the intervertebral foramina. 

The nerve to the Subclavius is a small filament, which arises from the 
fifth cervical at its point of junction with the sixth nerve ; it descends in front 
of thf> third part of the subclavian artery and the lower trunk of the plexus, 
to the muscle, and is usually connected by a filament with the phrenic nerve. 

Th(! posterior scapular (n. dorsalis scapula'), or nerve to the Rhomboids, 
avisos from the fifth cervic'al, jiicrces the Scalenus medius, and jjasses beneath 
the Levator anguli scapuhe, Avhich it ocicasionally supplies, to the Rhomboid 
muscles. 

The posterior thoracic (n. thoracalis longus), or external respiratory of 
Bell (fig. 801) supplies tlie Serratus magnus, and is remarkable for the length 
of its course. It usually arises by three roots from the fifth, sixth, and seventh 
cervical nerves ; but the root from the seventh nerve may be absent. The roots 
from the fifth and sixth nerves pierce tlie Scalenus medius, while that from 
the seventh nerve emerges from in front of the muscle. The nerve passes 
down behind the brachial })lexus and tho axillary vessels, resting on the outer 
surface of the Serratus magnus. It extends along the side of the chest to the 
lower border of that muscle, supplying filaments to each of its djgitations. 

Tho suprascapular (n. suprascapularis) (fig. 802) arises from tho trunk 
formed by the fifl/h and sixth cervical nerves; running obliquely outw'ards 
beneath the Trapezius and the Omo-hyoid, it enters the supraspinous fossa 
through the suprascapular notch, below the transverse or suprascapular 
ligament; it then passes beneath the Supraspinatus muscle, and curves round 
the external border of the spine of the scapula to the infraspinous fossa. In tlie 
supraspinous fossa it gives off two branches to the Supraspinatus muscle, 
and an articular filament to the shoulder-joint; and in the infraspinous fossa 
it gives off two branches to the Infraspinatus muscle, besides some filaments 
to the shoulder-joint and scapula. 
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Infraolavicui-ar Branches 


The infraclavicular branches are derived from the three cords of the brachial 
plexus. The fasciculi of which they are composed may be traced through 
the plexus to the spinal nerves from which they originate. They are as 
follows: 


Outer cord . 


Inner cord 


Posterior cord 


/ Musculo-cutaneous 
I External anterior thoracic 
I Outer head of median . 
InUirnal anterior thoracic 
Internal cutaneous 
- Lesser internal cutaneous 
Ulnar .... 
Inner head of median . 
Upper subscapular 
Middle ,, 

Lower ,, 

j Circumflex 
'Musculo-spiral 


5, 6 C. 

6 , 6, 7 C. 

6 , 7 C. 

8 C, ] T. 

8 C, 1 T. 

(8 C) 1 T. 

8 C, 1 T. 

8 C, 1 T. 

5, 6 C. 

5, 6, 7 C. 

5, 6 C. 

5. 6 C. 

(5) 6. 7, 8 C (1 T). 


Thes(( branches may be arranged-according to the regions they supply ; 


To the chest 
To the shoulder 


To tho arm, forearm, and hand 


Internal and external anterior thoracic. 
' Subscapulars. 

(Circumflex. 

Musculo-cutaneous. 
lnt(U‘nal cutaneous. 

Lesser internal cutaneous. 

Median. 

Ulnar. 

Musculo-spiral. 


Tho anterior thoracic nerves (nn. thoracales anteriores) (fig. 801), two 
in number, sujiply the Pectoral muscles. 

The exkriml anterior thoracAc, the larger of the two, arises from the 
outer cord of the brachial plexus, tlirough which its fibres may be traced 
to the fifth, sixth, and seventh cervical nerves. It passes inw'ards, across 
the axillary artery and vein, pieriics the costo-coracoid nuunbrane, and is 
distributed to tho under surface of the I’ectoralis major. It sends down a 
communicating filament which joins llie inteniixl nerve, and forms with it a 
loop in front of the first part of the axillary artery. 

Tho internal anterior ilurracic arises from the inner cord, and through it 
from the eighth cervical and first thoracic. It passes behind the first jiart of the 
axillary artery, curves forwards between the axillary artery and vein, and joins 
with the filament from the external nerve. It then j)assc« to the under surface 
of the Pectoralis minor muscle, where it divides into a number of branches, 
which supply tho muscle. Some two or three branches pass through the 
muscle to supply the Pectoralis major. 

The subscapular nerves (nn. subscapulares), three in number, supply 
the Subscapularis, Teres major, and Latissimus dorsi muscles. The fasciculi 
of which they are composed may be traced to the fifth, sixth, and sev^enth 
cervical nerves. 

Tiuj lippcr or s/torf snbscapular, tho smallest, enters the upper part of the 
Subscapularis muscle ; this nerve is frequently represented by two branches. 

Tho lower subscnpular enters tlie axillary border of the Subscapularis, and 
terminates in tlio Teres major. The latter muscle is sometimes supplied by 
a separate branch. 

The middle or long svbscapular, the largest of the three, follows tho course of 
til© subscapular artery, along the posterior wall of the axilla to the Latissimus 
dorsi, in which it may be traced as far as the lower border of the muscle. 

The circumflex (n. axillaris) (fig. 802) supplies some of the muscles and 
part of tho integument of the shoulder, and gives a branch to the shoulder- 
joint. It arises from the posterior cord of the brachial plexus, in common 
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with the musculo>spiral nerve, and its fibres may be traced through the posterior 
cord to the fifth and sixth cervical nerves. It is at first placed behind the 
axillary artery, between it and the Subscapularis muscle, and passes downwards 
and outwards to the lower border of that muscle. It then winds backwards, 
in company with the posterior circumflex artery, through a quadrilateral 
space bounded above by the Subscapularis, below by tlio Teres major, internally 
by the long head of the Triceps, and 

externally by the surgical neck of the 797.— Cutaneous nerves of right 

humerus, and divides into two branches. upper extremity. Anterior view. 

The upper branch winds round tlie 
surgical neck of the humerus, beneath 
the Deltoid, with the posterior circum¬ 
flex vessels, as far as the anterior 
border of that muscle, supplying it, 
and giving off cutaneous branches, 
which pierce the muscle and ramify in 
the integument covering its lower part. 

The lower branch, at its origin, dis¬ 
tributes filaments to the Teres minor 
and the back part of the Deltoid. Upon 
the filament to the former muscle an 
oval enlargement usually exists. The 
nerve then pierces the deep fascia, and 
supplies the integument over the lower 
two-lhirds of the posterior part of tho 
Deltoid, as well fis that covering the 
long head of the Triceps. 

The circumflex nerve, befon* its 
division, gives off an articmlar filament 
which enters the shoulder-joint below 
(he Subscapularis. 

The musculo-cutaneous (n. mus- 
(iulocutaneus) (fig. 801) arises from the 
outer cord of tho brachial plexus, 
opposile the lower border of the Pec- 
toralis minor, its fibres being derived 
from the fifth and sixth cervical nerves. 

It ))erforates the. (loracio-briwliialis 
muscle and passes obliquely between 
tho Biceps and Brachialis anticus, to 
tho outer side of the arm ; a little 
above the elbow it becomes cutaneous 
by perforating tho deep fiiscia on the 
outer side of the tendon of the Biceps. 

In its course through tho Jirni it supplies 
the Coraco-brachialis, Biceps, and the 
greater part of the Brachialis anticus. 

The branch to thc^sCoraco-brachialis is 
given off from the nerve close to its 
origin, and in some instances, ospecdally 
in early life, as a separate filament 
from the outer coid of the plexus; it 
is derived from tho seventh ruTve, and 
is by some anatomists regarded as a 
separate nerve, more or less closely 
incorporated with the musculo-cutaneous. The branches to the Biceps and 
Brachialis anticus are given off after the musculo-cutaneous has pierced the 
Coraco-brachialis. The nerve also sends a small bi-anch to the bone, which 
enters the nutrient foramen w'ith the accompanying artery, while the branch 
supplying tho Brachitilis anticus gives a filament to the elbow joint. 

The cutaneous portion of the nerve (n. cutaneus antibrachii lateralis) passes 
behind the median cephalic vein, and divides, opposite the elbow-joint, into an 
anterior and a postonoi branch. 
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The anterior branch descends along the radial border of the forearm to the 
wrist, and suiiplies the integument over the outer half of its anterior surface. 
At the wrist-joint it is placed in front of the radial artery, and some filaments, 
piercing the deep fascia, accompany that vessel to the back of the wrist, and 
supply the carpus. The nerve then passes downwards to the ball of the thumb, 
where it terminates in cutaneous filaments. It (tommunicates with a branch 
from the radial nerve, and with the palmar cutaneous br.anch of the median. 


Fio. 798.—Segmental distribution of the cutaneous nerves 
of the right upper extremity. Anterior view. 



The posterior branch 
passes downwards, along 
the back part of the radial 
side of the forearm, to the 
wrist. It supjfiies the 
integument of the lower 
two-thirds of the forearm, 
communicating with the 
radial nerve and the ex¬ 
ternal cutaneous branch 
of the museulo-spiral. 

The musculo-cutane- 
ous nerve presents fre¬ 
quent irregularities. It 
may adhere for some 
distance to tlie median 
and then pass outwards, 
beneath the Biceps, in¬ 
stead of thj’ough tJic 
Coraco-braehialis. Fre¬ 
quently some of the fibres 
of the median run for 
some distance in tJio 
musculo-cutaneous and 
then leave, it to join their 
prof)cr trunk. Less fie- 
qucuitly the reverse i.s 
the case, and the median 
se.nds a brancli to join 
the musculo - cutaneous. 
Instead of piercing the 
Coraco - brachialis the 
nerve may pass under it 
or through the Biceps. 
Occasionally it gives a 
filament to the Pronator 
teres, and it has been seen 
to supply the back of the 
thumb when the radial 
nerve was absent. 

The internal cuta¬ 
neous (n. cutaneus anti- 
brachii medialis) (fig. 801) 
arises from the inner cord 
in common with the ulnar 
and internal head of the 
median, and, at its com¬ 
mencement, lies on the 


inner side of the axillary artery. It derives its fibres from the eighth cervical 
and first thoracit! nerves. It gives off, near the axilla, a filament, w'hich 
pierces the fascia and supplies the integument covering the Biceps muscle, 
nearly as far as the elbow. This filament lies a little external to the common 
trunk, from which it arises. The nerve then passes down the inner side of 
the arm on the inner side of the brachial artery, pierces the deep fascia with 
the basilic vein, about the middle of the upper arm, and, becoming cutaneous, 
divides into two branches, an anterior and a posterior. 
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Fki. 799.—Cutaneous nerves of right 
upper extremity. Posterior view. 


The anterior branch, the larger of the two, passes usually in front of, but 
occasionally behind, the median basilic vein. It then descends on the anterior 
surface of the ulnar side of the forearm, distributing filaments to the integument 
as far as the wrist, and communicating with the palmar cutaneous branch 
of the ulnar nerve. 

The posterior hraiwh passes obliquely downwards on the inner side of the 
basilic vein, in front of the internal 
epicondyle of the humerus, to the back 
of the forearm, and descends on the 
posterior surface of its ulnar side as far 
as the wrist, distributing fUaments to 
the integument. It communicates with 
the lesser internal cutaneous, the lower 
external cutaneous branch of the 
musculo-spiral, and the dorsal branch 
of the ulnar nerve. 

The lesser internal cutaneous 

(n. cutanous brachii medialis), or nerve 
of Wrisberg, is distributed to the 
integument on the iimer side of the arm 
(fig. 801). It is the .smallest of the 
branches of the brachial plexus, and 
arising from the inner tiord receives its 
fibres from the first thoracic nerve, and 
somelimcs from the eighth cervical. It 
passes through the axillary spac«s at first 
lying behind, and then on the inru'r side 
of the axillary vein, and communiciates 
with the intercosto-humeral nerv*; 

(lateral cutaneous branch of the second 
thoracic). It descends along the inner 
side of tlu! braeliial artery to the middle of 
the arm, where it piercers the deep fascia, 
and is distributed to the integument of 
the back part of the hnver third of the 
arm, extending as far as the elbow, where 
some filaments arc lost in the integument 
in front of tlui inner cjiicondyle, and 
others over the olecrjuioii. It communi¬ 
cates with the posterior branch of the 
internal cutaneous nerve. 

In some cases the nerve of Wrisberg 
and intor(!osto-humeral are connected 
by two or three filaments, which form a 
plexus at the back part of the axilla. 

In other cases, the intercosto-humeral 
is of large size, and takes the place of 
the nerve of Wrisbgrg, receiving merely 
a filament of communication from the 
brachial plexus, w'hich represents the 
latter nerve; in a few cases, this 
filament is wanting. 

The median (n. medianus) (fig. 801) 
extends along the middle of the arm 
and forearm to the hand. It arises 
by two roots, one from the outer and 
one from the inner cord of the brachial 
plexus; these embrace the lower part 

of the axillary artery, uniting either in front or on the outer side of that 
vessel. Its fibres are derived from the sixth, seventh, and eighth cervical 
and first thoracic nerves. As it descends through the arm, it litiS at first on 
the outer side of the brachial artery, crosses that vessel in the middle of its 
course, usually in front of, but occasionally behmd it, and lies on its mner side 
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at the bend of the elbow, where it is situated beneath the bicipital fascia, and is 
separated from the elbow-joint by the Brachialis anticus. In forearm it 
passes between the two heads of the Pronator teres and crosses the ulnar artery, 
but is separated from this vessel by the deep head of the Pronator teres. 
It descends beneath the Flexor sublimis digitorum, lying on the Plexor 
profundus digitorum, to within two inches above the anterior annular ligament 
of the wrist; here it becomes more superficial, and is situated between the 
tendons of the Flexor sublimis digitorum and Plexor carpi radialis. In this 

situation it lies beneath. 


Fio. 800.—Segmental distribution of the cutaneous nerves 
of the right upper extremity. Posterior view. 
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and rather to the radial 
side of, the tendon of the 
Palmaris longus, and is 
covered by the integument 
and fascia. It then passes 
beneath the anterior 
annular ligament into the 
palm of the hand. In its 
course through the forearm 
it is accompanied by a 
branch of tlie anterior 
interosseous arteiy. 

Branches. — With the 
exception of the nerve to 
the Pronator teres, which 
sometimes arises above the 
elbow-joint, the median 
nerve gives off no branches 
in the arm. As it passes 
in front of the elbow, it 
supplies one or two articular 
twigs to the joint. In (he 
forearm its brandies are, 
muscular, anterior inter¬ 
osseous, and 2' ^ ^ ® 

cutaneous. 

Tlie muscular hrawhes 
are derived from the nerve 
near the elbow and sujiply 
all the superficial muscles 
on the front of the forearm, 
except the Flexor carpi 
ulnaris. 

Tlic auierior interosseous 
(n. interosseus antibracdiii 
volaris) supplies the dc^ep 
muscles on tlie front of tlie 
forearm, exiiept the inner 
half of the Flexor profundus 
digitoru m, It accompanies 
the anterior intei'osscous 
artery along the inter¬ 
osseous membrane, in the 
interval between the Plexor 
longus pollicis and Flexor 
profundus digitorum, 
supjilying the whole of 
and terminates below in the 


the former and the outer half of the latter. 

Pronator (juadratus and w'rist-joint. 

The 'palmar cutaneous branch (ramus cutaneus palmaris) arises from the 
median nerve at the lower part of the forearm. It pierces the fascia above 
the annular ligament, and, descending over that ligament, divides into tw'o 
branches; the outer supplies the skin over the ball of the thumb, and 
communicates with the anterior cutaneous branch of the musculo-outaneous 
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In the palm of the hand, the median nerve is covered by the integument and 
palmar fascia, and crossed by the superficial palmar arch. It rests upon the 
tendons of the Flexor muscles. In this situation it becomes enlarged, somewhat 
flattened, of a reddisJi colour, and divides into two branches. Of these, the 
external supplies a muscular branch to some of the muscles of the thumb, and 
digital branches to the thumb and radial aide of the index finger ; the internal 
supplies digital branches to the contiguous sides of the index and middle, and of 
the middle and ring fingers. 

The branch to the muscles of the thumb is a short nerve, which divides to supply 
the Abductor, the Opponens, and the superficial head of the Plexor brevis 
pollicis; the remaining muscles of this group are supplied by the ulnar nerve. 

The digital branches are five in number. The first and second pass along the 
borders of t he thumb, the external branch communicating with branches of the 
radial nerve. The third passes along the radial side of the index finger, and 
gives a filament to the First lumbri(!al. The fourth subdivides to supply the 
adjacent aides of the index and middle fingers, and sends a branch to the Seiiond 
lurabrical. The fifth supplies the adjacent sides of the middle and ring fingers, 
and communicates w'ith a branch from the ulnar nerve. 

Kafdi digital nerve, opposite the basi; of the first phalanx, gives off a dorsal 
branch, which joins the dorsal digital nerve from the radial, and runs along the 
sid(< of the dorsum of the finger, to end in the integument over the last phalanx. 
At the end of the finger, the digital nerve divides into a jtalmar and a dorsal 
branch, the former of which supplies the extremity of the finger, and the latter 
ramific^s round and beneath the nail. The digital nerves, as they run along the 
fingers, are placed sufjcrficsial to the digital arteries. 

Th(f ulnar (n. ulnaris) (fig. 801) is placed along the inner or ulnar side 
of the upper limb, and is distributed to the muscles and integument of the 
forearm and hand. It arises from the inner cord of the bi’achial plexus, in 
common with the inner head of the median and the internal cutaneous nerve, 
and derives its fibres from tins <nghth cervical and first thoracic nerves. It is 
smaller than the median, and lies at fii*st behind it, but. diverges from it in its 
course down the arm. At its origin it lies to the inner side of the axillary' 
artery, and bears the same relation to the brachial artery as far as the middle 
of the arm. Here it pierces the internal intcrmu.scular .septum, runs obliquely 
across the intei-nal head of the Triceps, and descends to the groove between the 
internal epieondyle and the olecranon, accompanied by Ihe interior profunda 
artery. At the elbow, it rests upon the back of the inner epieondyle, and passes 
into the forearm between the tw'o heads of the Flexor carpi ulnaris. In the 
forearm, it descends in a perfectly straight (course along the ulnar side, lying 
upon the Flexor profundus digitoriim, its upper half being covered by ihe 
Flexor carpi ulnaris, its low'cr half lying on the outer side of the muscle, covered' 
by theintegun)ent and fascia. In the upper (Iiird of its course, it is separated 
from the ulnar artery by a considerabhi interval, but in the rest of its 
extent lies close it) the inner side of the artery. At the wrist the ulnar nerve 
crosses the annular ligament on the outer side of the pisiform bone, to the 
inner side of and a little behind the ulnar artei’y, and immediately beyond 
this bone divides into two branches, the superficial and deep palmar. 

The branches of the ulnar nerve arc ; , 

Articular (elbow). 

I Muscular. 

In the forearm Palmar cutaneous. 

Dorsal cutaneous. 

Articular (wrist). 

The articular branches to the elbow-joint consist of several small filaments. 
They arise from the nerve as it lies in the groove betw'een the inner epieondyle 
and olecranon. 

The muscular branches, two in number, arise from the trunk of the nerve 
near the elbow: one supplies the Flexor carpi ulnaris; the other, the inner half 
of the Flexor profundus digitorum. 

, The palmar culaneous (ramus cutaneus palmaris) arises from the ulnar 
nerve about the middle of the forearm, and runs downwards; on the ulnar 
artery, giving off some filaments to the vessel. Just above the annular 
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ligament, it perforates the deep fascia and ends in the integument of the palm, 
communicating with the palmar branch of the median nerve. 

The dorsal cutaneous branch (ramus dorsalis manus) arises about two inches 
above the wrist; it pjisses backwards beneath the Flexor carpi uhiaris, 
perforates the deep fascia, and, running along the ulnar side of the back of the 
wrist and hand, divides into branches : one of llu'se supplit's the inner side 
of tlio little finger ; a si'cond supplies the adjiicent sides of the little and ring 
fingers ; a third joins the branch of the radial nerve wliich suppli<^s the adjoining 
sides of tlic middle and ring fingers, and assists in 8U})j)lying them ; a fourth 
is distributed to the metacarpal region of the hand, communicating with a 
branch of tlie radial nerve. 

On the little finger the dorsal digital branches, extend only as far as the base 
of the terminal phalanx, and on th(! ring finger as far as the base of the second 
phalanx ; the more distal parts of these digits are supidied by dorsal branches 
derived from the palmar digital branches of the ulnar. 

The svptrjicial palmar branch (ramus superficialis) supplies the Palmaris 
brevis, and the integument on the iiuier side of the hand, and terminates in 
two digital branches, which are distributi'd. one to the ulnar side of the little 
finger, the other to tlie adjoining sides of ihe little and ring fingers, the latter 
communicating with a braneli from tJic mediaji. TJie^ digital branches are 
distributed to the fingers in the same mai'.iier as the digital branches of tlie 
median. 

The deep palmar branch (ramus ])rofundus), accompanied by the deep 
brancli of tlm ulnar artery, passes bt^twis'ii the Abductor and Flexor brevis 
minimi digit! ; it tln^n pcj'forates tlie 0|>ponens minimi digit! and follows the 
coui'se of the deep palmar arch beiu'ath tlic flexor ti'udons. At its origin it 
supjdies the muscles of the little finger. As it crosses the d«‘.cp part ot the 
hand, it supplies all the Interossci and the two inner Tjumbric*al<'S ; it ends by 
sup])lying tlie Adduct ores transversus et obliquus jiollicis and the inner head 
of the h’lexor brevis pollieis. It also sends artiimlar filaments to the wrist-joint. 

It will be remora b('red that the inner ])art of the Flexor profundus digitorurn 
is supplied by the ulnar nerve ; the tw'o inner Lurabricailcs, which are connected 
with the tendons of this part of tlu^ muscle, ai'c therefore supplied by the same 
nerve. In like manner the outer part of the Flexor pi'ofundus and the tivo outer 
Lumbricales are supjdicd by the median nerve. Brooks stated that in tw'elve 
instances out of twenty-one he found that the Third liimbrieal received a twig 
from the median nerve, in addition to its branch from the ulnar. 

Till' musculo-spiral (n. radialis) (fig. 802), the largest branch of tho 
brachial plexus, supfilies the muscles of the. back part of the arm and forearm, 
and the integument of the same parts, as uell as that of the back of the hand. 
It aiises from the posterior cord of the brachial plexus, of Avhich it may be 
regaitled as the continuation. Its fibrils are derived from the sixth, seventh, 
and eighth cervical nerves, and sometimes also from the fifth cervical and first 
thoracic nerves. At its commencement it is placed first behind the axillary 
and then behind the upper part of the brachial arteiy, passing down in front 
of the tendons of the Latissimus dorsi and Teres inajoi'. It winds round from 
the inner to the outer side of the humerus in jtho musttulo-spiral groove with 
the superior profup^a artciy, between the internal and external heads of the 
Triceps mustde. It pierces the external intermuscular septum, and descends 
between the Brachialis anticus and Brachio-radialis to the front of the external 
epicondyle, where it divides into the radial and posterior interosseous nerves. 

The branches of the musculo-spiral nerve are : 

Muscular. Radial. 

Cutaneous. Posterior interosseous. 

The muscular branches are derived from the nerve, at the inner side, back 
part, and outer side of the arm respectively; they supply the Triceps, Anconeus, 
Brachio-radialis, Extensor carpi radialis longior, and Brachialis anticus. 

The internal muscular branches supply the inner and middle heads of the 
Triceps muscle. That to the inner hea^ of the Triceps is a long, slender 
filament, which lies close to the ulnar nerve as far as the lower third of the 
arm, and is therefore frequently spoken of as the ulnar collateral. 
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The posterior muscular branch, of large size, arises from the nerve in the 
groove between the Triceps and the humerus. It divides into branches, which 
supply the inner and outer heads of the Triceps and the Anconeus muscles. 
The branch for the latter muscle is a long, slender filament, which descends 

in the substance of the inner 


Fiq. 802.—^The suprascapular, circumflex, and 
musculo-spiial nerves. 



head of the Triceps to the 
Anconeus. 

The external muscular 
branches supply the Braohio- 
radialis, Extensor carpi radi- 
alis longior, and (usually) the 
outer part of the Brachialis 
anticus. 

The evtaneom branches are 
three in number, one internal 
and t wo external. 

The internal cutaneous 
branch aris«^s i?i tlie axillary 
space, with th<' inner muscular 
branch. It is of small size, 
and passes through tlie axilla 
to file inner side of the arm, 
supjdying the integument on 
its posterior aspect iu*arly as 
far as the olecranon. In 
its course it, crosses beneath 
the inteivosto-humoral, with 
which it communicates. 

Th(i two external cuta¬ 
neous branches j)erforate the 
outer head of the Tj icepsat its 
attachment to the humerus. 
The •upper and smaller one 
])asses to the front of the 
elbow, lying dose to the 
cephalic vein, and supplies the 
integument of the lower half 
of the arm on its anterior 
aspect. The lower branch 
pierces the dee]) fascia below 
the insertion of the Deltoid, 
and passes dow'ii along the 
outer side of the arm and 
elbow, and then along the back 
](art of the radial side of the 
forearm to the wrist, supply¬ 
ing the integument in its 
course, aivl joinmg, near its 
termination, w'ith the pos¬ 
terior cutaneous branch of the 
musculo-cutaneous nerve. 

The radial (ramus super- 
ficialisn. radialis) passes along 
the front of the radial side of 
the forearm to the commence¬ 
ment of its low'er third. It 


lies at first a little to the outer 
side of the radial artery, concealed beneath the Brachio-radialis. In the 
middle third of tlie forearm, it lies beneath the same muscle, in close relation 
witli the outer side of the artery. It quits the artery about three inches 
above the wrist, passes beneath the tendon of the Brachio-radialis, and, 
piercing the deep fascia at the outer border of the forearm, divides into tw'o 
branches. 
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The external brand), the smaller of the tMO, supplies the integument of 
the radial side and ball of the thumb, joining with the anterior branch of the 
muaculo-eutaneous nerve. 

The internal bramih communicates, above the wrist, with the posterior 
cutaneous branch from the musculo-cutaneous, and, on the back of the hand, 
with the doraal cutaneous branch of the ulnar nerve. It then divides into four 
digital nerves, which are distributed as follows .' the first supplies the ul^r side 
of the thumb ; the second, the radial side of the index finger ; the third, the 
ailjoining sides of the index and middle fingers ; and the fourth, the adjacent 
borders of the middle and ring fingers.* The latter nerve communicates with a 
filament from the dorsal branch of the ulnar nerve. 

The posterior interosseous (n. interosseus antibrachii dorsalis) winds 
to llie back of the forearm round the outer side of the radius, passes 
between the two planes of fibres of the Supinator brevis, and is prolonged 
downwards betA\'e*en Ihe superficial and deep layer of muscles, to the middle of 
the forearm. Considerably diminished in size, it descends on the interosseous 
mombraue, beneatli tlie Extensor longus pollicis, to the back of the ca^us, 
wh(M-c it prcscMits a gangliform enlargement from which filaments are distri¬ 
buted to the ligaments and articulations of the carjjus. It supplies all tlie 
muscles on the radial side and })OBtcrior aspect of the forearm, excepting the 
Aik ■oTiciis, Brachio-radialis, and Extensor ciirpi radialis longior. 

.-J/)/(//«/ Anatomy. —The brachial plexus may bo injured by falls from a height on to 
rhe sido of the head andshoiilder, wlierebythe nerves of the jilexiis are violently stretched ; 
the lil'th (jorvical norvo sustains the greatest amount of injury, and the subsequent 
]>arii.lysis may bo eontinctl to the muscles supplied by tins nerve, viz. the J)eltoid, 
biceps, Itraciiialis anlieus, and Brachio-radialis, with sometimes the Supra- anchlnfra- 
sjiiiiatiis ami the Supinator brevis. The j)osition of the limb, under such conditions, 
is eharaetcristi(!: the arm bangs by tlie side and is rotated inwards; the forearm is 
extended and proiiated. The arm cannot lx; raise*! from the side ; all power of flexion of 
the elbow is lost, as is also siijuiiation of the forearm. This is known as Erb's paralysis, 
and a very similar eondition is occasionally met will) in new-born children, either from 
injury to the lifth iierv'c. from the juvssui-e of forcejts used in elfccting delivery, or from 
traction of the lieatl in brccch presentations. A sei-ond variety of }>artial palsy *)f the 
brachial plexus i.s kiiuun as the Klumjike paralysis. In this it is the eighth cervical and 
first tboiaeie nerves that are injured, either before or after they have joined to form the 
lower trunk. .Atrophy follows in the intrinsic thiiscIcs of the hand, and in the Ilexors of the 
lingers and wrists ; the thenar anil hyjiotlienar eminences waste luid llatlen ; the fingers 
cannot be spread out or apjtroximated, on account of the paralysis of the Interossci, and 
bec-ome clawed. The injury to the nerves maj' follow direx't violence, or a gunshot wound. 

The brachial jilexus may also he injured by violent traction on the arm, or byell'orts 
at i-educing a disliwalion of the shoulder-joint; and the amount of jtaralysis will depend 
u])ou the amount of injury to the constituent nerve^s. When the entire plexus is involved, 
the whole of the upper extremity will be paralysed and ana?sthetie. In those cases the 
injury aj)i)e.ars to be rather a tearing away of the roots of the nerves from their origin in 
the spinal cord, than a solution of continuity in the nerves themselves. The brachial 
plexus in the axilla is often damaged from the pressure of a crutch, producing the condition 
know'n as ‘ c-rutch paralysis.’ In these i-ases the museulo-spiral seems most frequently to 
be the nerve chiefly implicated ; the ulnar nerve suifers next in frequency. The median 
and museulo-spiral nerves often suffer from ‘ sleep palsies,’ paralysis from pressure coming 
on while the patient i# profoundly asleep under the influence of alcohol or some narcotic. 

Paralysis of the posterior tluira-'ic. nerve throws the SeiTatus magnus out of action, 
and may occur in porters in whom the nerve is exjiosed to injury in the shoulder as it crosses 
the posterior triangle of the neck. The lower angle of the scajiula is drawn inwards towards 
the middle line, by the unopposed action of the Khomboids and Levator anguli scapultc, 
and tends to project out backwards when tlie arm is held horizontally forwards. The arm 
cannot bo raised above the horizontal unless the lower angle of the scapula is jmshed 
outw'ards for the patient. 

The circumflex nerve, on accoimt of its course round the surgical neck of the humerus, 
is liable to bo torn in fractures of this part of the bone, and in dislocations of the shoulder- 
joint ; jiaralysis of the Deltoid, ansesthesia of the skin covering that muscle, and the 
formation of adhesions in the shoulder-joint in consequence of injury to its trophic 
nerves, result. According to Erb, inflammation of the shoulder-joint is liable to be 
followed by a neuritis of tliis nerve from extension of the inflammation to it. Paralysis 

• According to Hutchinson, the digital nerve to the thumb reaches only as high a.s 
the root of the nail: the one to the forefinger a-s high as the middle of the second 
phalanx: and the one to the middle and ring fingers not higher than the first phalangeal 
joint.— London, llos. 6az. vol. iii. p. 311). 
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of the Deltoid renders abduction of the arm to the horizontal level impossible. The 
associated paralysis of the Teres minor is not easily demonstrate^. 

Hilton takes the circumflex nerve as an illustration of a law which he lays down, that 
‘ the same trunks of nerves whose branches supply the groups of muscles moving a joint, 
furnish also a distribution of nerves to the skin over the insertions of tho same muscles, 
and the interior of the joint receives its nerves from the same source.’ In this way he 
explains the fact that an inflamed joint becomes rigid. 

The mi'dian nerve is liable to injury in wounds of the forearm. When it is paTul}rsed, 
there is loss of flexion of the second phulangns of all the fingers, and of the terminal 
phalanges of the index and middle fingers. Flexion of the terminal phalanges of the 
ring and little fingers Ls effected by that jiortion of the Flexor profundus digitonim which 
is supplied by tlic ulnar nerve. There is power to flex the proximal phalanges through 
the Inlerossei. The thumb cannot be flexed or opposed, and is maintained in a position 
of extension and adduction. There is loss in the power of pronating the forearm ; the 
Brachio-radialis has tho power of bringing the forearm into a position of mid-pronation, 
but beyond this no further pronation can be effected. Tho wrist can bo flexed, if the 
hand is first adducted, by the action of the Flexor carjn ulnaris. There is loss or impair¬ 
ment of sensation on the palmar surfaces of the thumb, index, middle, and outer half of 
ring fingers, and on the dorsal surfaces of the same fingers over tho last two phalanges ; 
except in the thumb, where tlic loss of sensation would be limited to the back of the last 
phalanx. In old cases the unopposed action of the Intcrossei produces backward 
dislocation of the interphalangeal joints. The thumb is extended and adducted to the 
index, cannot be flexed or abducted, and cannot be apposed to any one of tho fingers; in 
consequence an ‘ape-like’ hand is jiroduced. In order to expose the median nerve, for 
the purpose of uniting the divided ends, siipposing the injury to be just above the wrist, 
an incision should be made along the radial side of the tendon of the Palmaris longus, 
which serves as a guide to the nerve. 

The ulnar nerve is also liable to be injured in wounds of the forearm. When paralysed, 
there ,is impaired ])owpr of ulnsir tlcxioii, and upon an attempt being nuide to flex the 
wrist, the hand is drawn to the radial side from paralysis of the Flexoi carpi ulnaris ; 
there is inability to spread t>ut the fingers from ])aralysis of the Intcrossei, and for the 
same reason the fingers, especially the ring and little fingers, cannot be flexed at the mota- 
carpo-phalangeal joints or extended at the interphalangeal joints, and tho hand assumes 
a claw shape from the action of the opposing muscles ; there is loss of power of flexion 
in tho little and ring fingens ; and there is inability' to adduct the thiintb. The muscles 
of the hypothenar eminence lieconie wasted. Sensation is lost, or impaired, in the skin 
supplied by the nerx’c. In order to expose the nerve in the lower part of the forearm, 
an incision should be made along the outer border of the tendon of the Flexor carpi ulnaris, 
and the nerve will be found lying on the ulnar side of the ulnar artery. 

Tho mvsrulo-.ijnral nerve is probably more frecpiently injured than any other nerve 
of tho upper extremity. In consequence of its close relationship to the humerus, as it 
lies in the musculo-sj)iral groove, it is often torn or injurc<l in fractures of this bone, or 
subsequently involved in the callus that may be thrown out around a fracture, and thus 
pressed upon and its functions interfered with. It is also liable to be contused against 
the bone by kicks or blows, or to be divided by wounds of the arm. When paralysed, 
the hand is flexed at the wrist and lies flaccid. This is known as wrisl-droy. The 
fingers are also flexed, and on an attempt being made to extend them, the last two phalanges 
only will bo extended, through the action of the Intcrossei; tho first phalanges remaining 
flexed. There is no (mwer f)f extending tho w'rist. Kupination is comjfietcly lost when 
the forearm is extended on the arm, but is possible to a certain extent if the forearm be 
flexed so as to alli>w of the action of the Biceps. The jmwer of extension of the forearm 
is lost on account of ptralysis of t^ie Triceps, if the injury to the nerve has taken ffiace 
near its o,rigin. In coses duo to pressure, sensation is hardly affcftod ; severe injury to 
the nerve occasions aniosthesia over the area 8U])plied by the radial nerve, and, if the 
lesion be high uj), on the outer side of the upper arm and the back of the forearm (external 
and internal cutaneous branches) os w'ell. 

The nerve is best exposed by making an incision along the inner border of the 
Brachio-radialis, just above the level of the elbow-joint. The skin and superficial 
structures arc to be divided and the deep fascia exposed. The white line in 
this structure indicating the border of the muscle is to be defined, and the deep fascia 
divided in this line. By now raising the Brachio-radialis, the nerve will be found lying 
between it and the Brachialis anticus. The muscles supplied by the posterior interosseous 
branch of the miisculo-spiral nerve are also particularly liable to be affected in chronic 
lead poisoning. 


THORACIC NERVES (NN. THORACALES) 

The anterior primary divisions of the thoracic nerves are twelve in number 
on either side. Eleven of them are situated between the ribs, and are therefore 
termed inicrcostal; the twelfth lies below the last rib. Each nerve is connected 
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with the adjoin::ig gajiglioii of the sympathetic by one or two filaments. The 
intercostal nerves are distributed chiefly to the parietes of the thorax and 
abdomen, and differ from the anterior divisions of the other spinal nerves, in 
wiat each pursues an independent course, i.e. there is no plexus formation, 
llie first two nerves supply fibres to the upper limb in addition to their thoracic 
branches; the next four are limited in tlioir distribution to the parietes of 
the yiorax ; the five lower supply the parietes of the chest and abdomen. The 
twelfth thoracic is distributed to the abdominal wall and the skin of the buttock. 

— The anterior division of the first thoracic 
nerve divides'mto two branefies ; one, the larger, leaves the thorax in front of 
the neck of the first rib, and enters into the formation of the brachial plexus ; 
the other and smaller branch runs along the first intercostal space, forming the 
first intercostal nerve, and terminates on the front of the chest, by forming 
the first anterior cutaneous nerve of the thorax. Occasionally this anterior 
cutaneous branch is wanting. Th& first interQOstal nerve jaaJtjade 
OI L lateral cuta^(mu s branch; but sometimes a small branch is given oCte 
cominuiiicate with the intorcosto-humeral. It frequently receives a connecting 
twig trom the second thoracic nerve, which passes upwards over the neck of 
the second rib. 

Th(i upper thoracic nerves. — Tlie anterior divisions of the second, 
third, fourth, fifth, and sixth thoracic nerves, and the small branch from the 
first thoracic, are confined to the parietes of the thorax, and are njimed thoracic 
intercostal nerves. They pass forwards (fig. 803) in the intercostal spaces below 
the inkejjjys^al vessels. At the back of the chest they lie between the pleura ' 
and the posterior intercostal membranes, but soon pierce tiie latter and run 
between the tw'o planes of Intercostal muscles as far as tbo middle of the rib. 
lliey then enter the substatu'cof the Internal intercostal muscles, and, running 


luo. 803. Diagram of the course and branches of a typical intercostal nerve. 



Lateral eutaneoua 


amidst their fibres as lar as the costal cartilages, they gain the inner surfaces 
of the muscles and lie between them and the pleura. Near the sternum, they 
cross in front of the internal mammary artery and Triangularis stemi muscle, 
pierce the Internal intercostal muscles, the anterior intercostal membranes, and 
Pectoralis major muscle, and supply the integument of the front of the chest 
and over the mammary gland, forming the anterior cutaneous nerves (rami 
cutanei anteriores) of the thorax ; the branch from the second nerve is joined 
with the supraclavicular nerves of the cervical plexus. 
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Branches .—Numerous slender muscular filaments supply tbe Intercostals, 
the Infracostales, the Lovatorcs costarum, the Serratus posticus superior, and 
the Triangularis sterni muscles. At the front of the chest some of these 
branches cross the costal carlilagcs from one intercostal space to another. 

Lateral cutaneous nmvs (rami cutanei lalerales).—These are derived from 
the intercostal nel'^•es, midway between the vertebra} and sternum; they 
pierce the External intercostal and Serratus magnus muscles, and divide into 
anterior and posterior branches. 

The anterior hrancJtes (rami antcriores) are reflected forwards to the side 
and the fore part of the chest, supplying the integument of the chest and 
mamma; those of tlio fifth and sixth nerves supply the upper digitations of 
the External oblique. 

The posterior brancfies (rami ])ost'‘iiores) arc reflected backwards, to supply 
tlie integument over the scapula and over the Latissimus dorsi. 

The lateral cutaneous branch of the second intercostal nerve is of 
large size, and does not divide, like tJie otlier nerves, into an anterior 
and a posterior branch. It is named, from its origin and distribution, the 
intercoslo-humerol nerve (n. intercostobracJiialis) (fig. 801). It j)ier(!es the 
External intercostal muscle and the Serratus magnus, crosses the axilla 
to the inner side of the arm, and joins Avith a filamc'nt from the nerve of 
Wrisberg. It then pierces the fascia, and supplies the skin of the upper lialf 
of tlie inner and back part of the arm, communicating uitli the internal 
cutaneous branch of the mu.sculo-.spiral nerve. The size of this nerve is in 
inverse ]>i'opurtion to the size of tlie other cutaneous nerves, especially the 
nerve of Wrisberg. A second intercosto-humeral nerve is frcfiuentJy given 
off froin the third intercostal. Jl supjilies filaments to the armpit and inner 
side of the arm. 

The lower thoracic nerves. —The anterior divisions of the seventh, 
eighth, ninth, tenth, and eleventh thoracic nerves arc continued anteriorly 
from the intercostal spaei's into the abdominal wall; hence these ikua cs are 
named thorncico-ahdominal intercostal nerves. Tliey have the same aTTangcment 
as the upper ones as far as the anterior exti’cmities of the intiTcostal spaces, 
Avhero they pass behind the costal cartilages, and between the Internal oblique 
and Transviirsalis muscles, to the sheath of the Rectus, whi(*h they perforate. 
They supply the Rectus muscle, and terminate in branches which become 
snb(!Utaneous near the linea alba. These branches are named the anterior 
cutaneous nerves of the abdomen. They arc directed outwards as far as the 
lateral cutaneous nerves and supply tlve integument of the front of the holly. 
The lower intercostal nm-ves supply the Intercostal and Abdominal muscles— 
the last three send branches to the SciTatus |»osli(!us inferior- - and, about the 
middle of their course, give oil latcu’al cutaneous branches. These pierce 
the External intercostal muscles and the External oblique, in the same line as 
the lateral cutaneous nerves of the tliorax. and divide into anterior and posterior 
brandies, u'hiijh ar(} distributed to the intt'gument of the abdomen and back ; 
the anterior branches supjdy the digitations of the External oblique muscle, 
and extend doivnwards and forwards nearly as far as the margin of the Rectus : 
the posterior branches pass backwards to .supply the skin over the Latissimus 
dorsi. * 

The anterior division of the last thoracic is larger than the others ; it runs 
along the lower border of the last rib, often gives a communicating branch 
to the first lumbar nerve, and passes under the external arcuate ligament of 
the Diaphragm. It then runs in front of the Quadratus lumborum, perforates 
the Transversalis, and passes forwards between it and the Internal oblique, 
to be distributed in the same manner as the lower intercostal nerves. It 
communicates with the Uio-hypogastric branch of the lumbar plexus, and gives 
a branch to the Pyramidalis muscle. 

The lateral cutowous branch of the, last thoracic is remarkable for its large 
size. It does not divide into an anterior and a posterior branch like the lateral 
cutaneous branches of the intercostal nerves, but perforates the Internal and 
External oblique muscles, passes downwards over the crest of the ilium in front 
of the iliac branch of the ilio-hypogastric (fig. 811), and is distributed to the 
integument of the front part of the gluteal region, some of its filaments extending 
as low down as the trochanter major. 
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Ajyplied^ Ana^mn .—llie lower seven tlioracic nerves and the ilio-hypogastric from 
the iiivrTumhar*nerve suj)ply the skin of the abdominal wall. They run downwards 
and inwards fairly equidistant from each other. Tlie sixth and seventh sujiply the skin 
over the ‘ pit of the stomach ’ ; the eighth corresponds to about the position of the middle 
linca transversa ; the tenth to the umbilicus ; and the ilio-hypogastric supplies the skin 
over the,pubis and external alKlominal ring. In many diseases affecting the nerve-trunks 
at or near their origins, the pain is referred to their peripheral terminations. Thus, in 
Pf)tt’s disease of the spine, children will often be brought to the surgeon suffering from 
pain inihebelly. This is due to thcfact that the nerves are irritated at the scat of disease 
as they issue from the spinal canal. When the irritation is confined t«) a single pair of 
nerves, the sensation complained of is often a feeling of constriction, as if a cord were 
tied round the abdomen, and in these cases the situation of the sense of constriction 
may serve to localise the disease in the spinal column. In other cases where the bone 
disease is more extensive, and two or more nerves are involved, a mure general, diffused 
pain in the abdomen is felt. 

Again, it must be borne in mind that the same nerves which supply the skin of the 
abdomen supply also the planes of muscle which constitute the greater part of the alHlominal 
wall. Hence, it follows that any irritation applied to the peripheral terminations of 
the cutaneous branches in the skin of the abdomen is immediiitely followed by reflex 
contraction of the atidominal muscles. The supply of both muscles and skin from the 
same source is of importance in ]»rotecting the abdominal viscera from injury. A blow 
on the abdomen, even of a severe character, will do no injiny to the viscera if the muscles 
are in a c-ondition of firm contraction ; whereas in ciuses where the muscles have been 
taken unawares, and the blow has been struck while they were in a state of rest, an injury 
insufficient to produce any lesion of the abdominal wall has been attended with rupture of 
some of the abdominal contents. 'Phe im])ortaiice, lherch)re, of immediate reflex contrac¬ 
tion upon the rci-cipt of an injury cannot be viver-estiniated, and the intimate association 
of the cutaneous and muscular librcs in the same nerve produces a much more ra))id 
res))onsc on the part of the muscles to any pcri))hcral stimulation of the cutaneoys fila¬ 
ments than would be the case if the two sets of libres were derived from inclepcndcnt 
sources. 

Again, the nerves supplying the abdominal muscles and skin, derivetl from the lower 
intercostal nerves, are intimately connected with the sympathetic sujiplying the abdominal 
viscera through the lower thoracic ganglia from which the s])lanchnic nciwcs arc dciivcd. 
In consequence of this, in laceration of the abdominal viscera and in acute peritonitis, 
the muscles of the belly wall become firmly contracted, and thus as far as jiossible preserve 
the abdominal contents in a condition of rest. 

Inflamination of the ganglia on ont> oi- more of any of the posterior nerve-roots is the 
cause of A'A/wg/CiS’ ♦ orherjies zoster, in which there is a painful erudition of groups of cutaneous 
ve.sicles correspondmg to the distribution of the nerves deriveil from the affected giuiglia. 
It is commonest in. the intercostal nerves ; the cru])fion is often preceded and followed, 
as well as accompanied, by girdle pains, and in old jicoplc these may be prolongevl an<l 
serious in chai’acler. Herpes is the analogue on the sensory side to anterior iioliornyelilLs 
(page 810) on the motor side of tJie nervous system. 


LUMBO-SAORAL J^LEXUS 

Tlie anterior prim.ary divisions of tluv lumbar, sacral and coccygeal nerves 
form the lumbo-saeral plexus, the first lumbar nerve being frequently joined 
by a branch from the twelfth thoracic. For descriptive purposes this plexus 
is usually divided into tliree parts—the lumbar, sacral and pudendal plexuses. 

• 

[LUMBAR NERVES (NN. LUMBALES) 

The anterior primary divisions of the lumbar nerves increase in size from 
above downwards. They are joined, near their origins, by grey rami ermmuni- 
cantes from the lumbar ganglia of the sympathetic) cord. Tliese rami consist 
of long, slender branches which accompany the lumbar arteries round the sides 
of the vertebral bodies, beneath the Psoas magnus. Their arrangement is 
somewhat irregular : one ganglion may give rami to two lumbar nerves, or 
one lumbar nerve may receive rami from two ganglia. The first and second, 
and sometimes the tliird and fourth lumbar nerves are each connected wuth 
the lumbar part of the sympathetic cord by a white ramun comnMnicam. The 
nerves pass obliquely outwards behind the Psoas magnus, or between its 
fasciculi, distributing filaments to it and the Quadratus lumborum. The first 


* From Lat. eingulvm, a belt. 
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three and the greater part of the fourth are coanee<^f‘<l together in this 
situation by anastomotic loops, and form the lumbar plexus^ The smaller' 
part of the fourth joins with the fifth to form the lumbosacral cord (truncus 
lumbosacralis), which assists in the formation of the sacral plexus. The 
fourth nerve is named the mrvus furcalis, from the fact that it is subdivided 
between the two plexuses.* 

Lumbar Plexus (Plexus lumbalis) 

The lumbar plexus (fig. 804) is formed by the loops of communicatien 
between the anterior divisions of the first throe and the greater part of the 
fourth lumbar nerves. Tl»e plexus is narrow above, and the first lumbar 
often rocoivtw a braneli from the last thoracic nerve ; it is broad below, where 
it is joined to the sacral plexus by the lumbo-sacral coid. It is situated in 
the posterior part of the Psoas magnus, in front of the transverse processes of 
tlie lumbar vertebra*. 

Fio. 804.—Plan of lumbar plexus. 



The mode in which the ])lexus is arranged varies in different subjects. It 
differs from the brachial plexus in not forming an intricate interlacement, but 
the several nerves of distribution arise from one or more of the spinal nerves, 
somewhat in the following manner : the first lumbar nerve frequently receives 
a twig from the last thoracic, and divides into an upper and lower brancJi; the 
upper and larger branch subdivides into the ilio-hypogastric and ilio-inguinal; 
the lower and smaller branch unites with a branch of the second lumbar to form 

* In most cases the fourth lumbar is the nereutfurealh ; but this arrangement is frgquently 
departed from. The third w occasionally the lowest nerve whicli enters the lumbar plexus, 
givine at the same time some fibres to the sacral plexus, and thus forming the nervos 
furcalis; or both the third and fourth may te fuvoal nerves. When this occurs, the plexus is 
termed high or pre-fixed.. More frequently the fifth nerve is divided between the lumbar and 
sacral plexuses, and constitutes tlio nervus furcalis; and when this takes place, the plexus is 
distingui.shed as a lorn or port-fixed plexus. These variations necessarily produce corresponding 
modifications in the sacral plexus. 
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tlie genito-crural nerve. The remainder of the second nerve, and tJie third 
and fourth nerves, divide into ventral and dorsal divisions. The ventral 
division of the second unites witli tlie ventral divisions of the third and fourth 
nerves to form the obturator nerve. The dorsal divisions of the second and 
third nerves divide into two branches, a smaller branch from eacih uniting 
to form the external cutaneous nerve, and a larger branch from eacli joining 
with the dorsal division of the fourth lumbar nerve to form tlie anterior 


Fio. 80.5.—^The lumliar plexus and its branches. 



crural nerve. TUe accessory obturator, when it exists, is formed by the union 
of two small branches given off from tlie third and fourth nerves. 

The brandies of the lumbar plexus may therefore be arranged as follows : 


Ilio-hypogastric . 
Ilio-inguinal . 
Uenito-crural 

External cutaneous 
Anterior crural . 

Obturator 

Accessory obturator . 


1 L. 

. 1 L. 

1, 2 L. 

Dorsal divisions. 
. 2, 3, L. 

. 2. 3, 4 L. 

Ventral divisions. 

. 2, 3, 4 L. 

3. 4 L. 


The ilio-hypog'astric (n. iliohypdgastricus) arises from the first lumbar 
nerve. It emerges from the outer border of -the Psoas muscle at its upper 
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perforates 

Fio. 806.—Cutaneous nerves of lower 
extremity. Front view. 


part, and crosses obliquely in tronl of the (juadratus luraborura to the crest 
of the ilium. It then perforates the Transversalis muscle at its posterior 

]jart, near the crest of the ilium, and 
divides between it and the Internal 
oblique into two branches, iliac and hypo¬ 
gastric. 

The iliac Jyranch (ramus cutaneus 
lateralis) pierces the Internal and External 
obli((ue inusciles inimediately above the 
crest- of the ilium, and Ls distributed to the 
integument of the gluteal region, behind 
the latfTal cutaneous branch of the last 
choracic nerve (lig. 811). The si/.e of the 
nerve boars an inverse proporticjn to that 
of (he lateral cutaneous branch of the last 
thoracic nerve. 

The Iiypoyafitric branch (ramus cutaneus • 
anterior) (tig. 800) continues onwards 
between "the Internal oblique and Ti’ans- 
versalis muscles. It then pierces the 
Internal obli(j[ue, and b<^comes cutaneous 
by perforating the aponeurosis of the 
External oblique, about an incli above, 
and a little to the outer side of the ex¬ 
ternal abdominal ring, and is distributed 
to the int('gumcnt of the liypogastric 
region. 

Tlie ilio-hy))ogas(iie nerve communi¬ 
cates with tile last (lioracic and ilio¬ 
inguinal lU'rves. 

The ilio-inguinal (n. ilioinguinal is), 
small<‘r tliaii tlie preceding, arises \vith it 
from the first lumbar nerv<‘. It ('merges 
from tJ»e outer border of the Psoas just 
b(‘]o\v the ilio-hypogastrie. and, j)asaing 
obliquely across the Quadratus lumborum 
and Iliacus museltis, perforates the Trans¬ 
versalis, near the foi'c part of the crest of 
the ilium, and communicates with the ilio- 
iiyjiogastric nerve betwetm t-liat muscle and 
the Internal oblic^ue. The nerve then 
pierces the Internal oblique, distributing 
filaments to it, and, accompanying the 
spermatic cord througli the external ab¬ 
dominal ring, is distributed to the in¬ 
tegument of the ui)ijcr and inner part of 
the thigh, to the skin over the root of the 
penis and uppijr part of the scrotum in the 
male, and to the skin covering the mons 
Veneris and labium inajus in the female. 
The size of this nerve is in inverse pro- 
poj'tion to that of the ilio-hypogastric. 
Occasionally it is very small, and ends by 
joining the ilio-hypogastric; in such cases, 
a branch from the ilio-hypogastric takes 
the place of the ilio-inguinal, or the latter 
nerve may be altogether absent. 

The genito-crural (n. gemitofemoralis) 
arises from the first and second lumbar 
nerves. It passes obliquely through the 
substance of the Psoas, and emerges 
close to the vertebral column, opposite the disc 



from its inner border, 
between the third and 


fourth lumbar vertebra): it then descends on the 
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Fro. 807.—Segiuontal distribution of 
cuianeoiis nerves of right lower ex¬ 
tremity. Front view. 
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surface of the Psoas muscle, under cover of the peritoneum, and divides 
into a genital and a crural branch. Occasionally the two branches emerge 
.separately thr'ough the substance of 
the Psoas. 

The (jenitnl branch (n. spermaticus 
extermis) ])asses outwards on the Psoas 
magruis, and ])ierces the fascia trans- 
versalis, or i)a8ses through the internal 
abdominal ring ; it then descmids along 
the back part of the spermatic cord 
to the scrotum, supplies,'’in tlie male, 
the Cremaster muscle, and gives a few 
filaments to the skin of the scrotum. 

In the female, it accompanies the 
round ligament, and is lost upon it. 

The crural branch (u. lumboiiiguin- 
alis) descends on the external iliac 
artery, sending a few filaments round 
it, and, passing beneath Poupart’s 
ligamcait to the thigh, enters the slieath 
of the femoral vessels, lying superficial 
and a little ext<*i'nal to the femoral 
artery. It jnerees the anterior layer 
of tli(^ sheath <tf the vessels, and, 
becoming sup<!rfieial bypassing through 
the fascia lata, it supplies the skin of 
the anteri»)r aspect of the thigh as far 
as midway between the |wlvis and 
knee. On the front of the thigh it 
eonimunicates with the outer branch of 
the middle cutaneous nerve, derived 
froju the anterior crural. 

A tew filaments from this nerve may 
bc‘ traced on to the femoral art(‘ry ; 
they are derived from the muae as it 
passes beneath Poupart’s ligament. 

The external cutaneous (n. 
eutaneus temoris lateralis) arises from 
the second arid thiid lumbar nerves. 

It emerges from the outer border of 
the Psoas muscle about its middh;, ami 
crosses the Iliamis muscle obliquely, 
towards the anterior superior spine of 
the ilium. It then passes under 
Poupart.’s ligament and ovi'r the 
Sartorius muscle into the thigh, where 
it divides into two branches, an anterior 
and a posterior. , 

The anterior branfJi descends in an 
aponeurotic canal formed in, the fascia 
lata, becomes superficial about four 
inches below Poupart’s ligament, and 
divides into branches which are dis¬ 
tributed to the integument along the 
anterior and outer part of the thigh, 
as far down as the knee. The terminal 
filaments of this nerve frequently com¬ 
municate with the middle and internal 
cutaneous, and with the patellar branch 
of the long saphenous, forming with 
them the patellar plexus. 

The posterior branch ])ierccs th.j 
fascia lata, and subdivides into 
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filaiBfflits which pass backwards across the outer and posterior aui^aoe i^ tb© 
thigh, supplyixffi the integument from the level of the great trochanter to the 
i^dle of the ^gh. 

The obturator (n. obturatorius) supplies the Obturator extemus and the 
Adductor muscles of the thigh, the articulations of the hip and knee, and 
occasionally part of the integument of the thigh and leg. It arises from the 
second, third, and fourth lumbar nerves. Of these, the branch from the tliird 
is the largest, while that from the second is often very small. It descends 
through the inner fibres of the Psoas muscle, and emerges from its inner border 
near the brim of the pelvis; it then passes behind the external iliac vessels 
whicl) separate it from the ureter, and runs along the lateral w'all of tlic pelvis, 
above the obturator vessels, to the upper part of the obturator foramen. Here 
it enters the thigh, and divides into an anterior and a posterior branch, 
wluch are separated at first by some of the fibres of the Obturator externus 
(fig. 545), and lower down by the Adductor brevis. 

The anterior branch (ramus anterior) (fig. 808) passes down in front of the 
Adductor brevis, being covered by the Pectincus and Adductor longus ; at tlie 
lower border of the latter musch* it communicates witli the internal cutaiw'ous 
and internal saphenous i)rauches of the anterior crural, forming a kind of 
. plexus. It then descends upon the fenunal artciy, to u hich it is finally dis¬ 
tributed. The nerve, near the obturator foramen, gives otf an articular branch 
to the liip-joint. Behind the Pectincus, it distributes muscular branches 
to the Adductor longus and CIracilis. and usually to the Adductor brevis, 
and in I'are cases to the Pectincus, and receives a comiTiunicating branch from 
the accessory obturator nerve when that nerve is present. 

Occasionally the communicating brunch to the internal cutaneous and 
internal saphenous nerves is continued down, as a cutaneous branch, to the thigh 
and leg. When this is so, it emerges from Ixmeath the lower border of the 
Adductor longus, descends along the postcriiu- margin of the; Sartorius to the 
inner side of the knee, whore it pierces the deep fascia, communicates with the 
long saphenous nerve, and is distributed to the. integument of the inner side of 
the leg as low down as its middle. Wlien this communicating branch is small, 
its place is taken by the internal cutaneous imrve. 

The posterior branch (ramus posterior) pierces the anterior part of the 
Obturator externus, sending branches to supply this muscle ; it then pa.sses 
behind the Adductor brevis on the front of the Adductor magnus, where it 
divides into numerous muscular branches, which supply the Adductor magnus, 
and the Adductor brevis when the latter doc^s not receive a branch from the 
anterior division of the nerve. It also gives oil an articular filament to the 
knee-joint. 

'J'he articular branch for the. hnee.-joint is sometimes absent; it cither })erfor- 
ates the lower part of tlub Adductor magnus, or passes through the opening which 
transmits the femoral artery, and enters the popliteal space ; it then descends 
upon the popliteal artery, as far as the back part of the knee-joint, where it 
jierforates the posterior ligament, and is distributed to the synovial membrane. 
It gives filaments to the artery in its course. 

The accessory obturator ^(n. obturatorius accessorius) (fig. 805) is 
present in about 29 per cent, of cases. It is of small size, and arises by separate 
filaments from the third and fourtli lumbar nerves. It descends along the 
inner border of the Psoas muscle, crosses the ascending ramus of the pubis, 
and passes under the outer border of the Pectincus muscle, where it divides 
into numerous branches. One of these supplies the Pectincus, penetrating 
its under surface ; another i.s distributed to the hip-joint; while a third 
communicates with the anterior branch of the obturatdr nerve. When this 
nerve is absent, the hip-joint receives two branches from the obturator 
nerve. Occasionally it is very small and becomes lost in the capsule of the 
hip-joint. 

The anterior crural (n. femoralis) (figs. 805, 808) is the largest branch 
of the lumbar plexus. It supplies muscular branches to the Iliacus, Pecti- 
neus, and all the muscles on the front of the thigh, except the Tensor fascia) 
femoris ; cutaneous filaments to the front and inner side of the thigh, and to 
the leg and foot; and articular branches to the hip and knee. It arises from 
the second, third, and fourth lumbar nerves. It descends through the fibres 
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ol the Faoa^^ emerging from the muscle at the lower part of iti outer hw)d^» 
and passes down between it and the Siacus behind tzhe fascia iliaoa; it then 
runs beneath Poupart’s , , , 

ligament, into the thigh, Fio- 808.—Nerves of the nght lower extremity. 

M heio it becomes somewhat Jiont view. 
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nerve passes obliquely across 
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sheath of the femoral artery, and divides in front, or at the in^ilr side of that 
vessel, into two branches, an anterior and a posterior or internal. 

The anterior branch runs downwards on the Sartorius, perforates the fascia 
lata at the lower third of tlie thigh, and divides into two branches ; one supplies 
the integument as low down as tlio inner side of the knee; the other crosses 
to the outer side of tlic patella, c*oinTiiunieating in its course with the patellar 
branch of the long saphenous nerve. 

The posterior or internal branch de.scend8 along the inner border of the 
Sartorius muscle to tlie knee, where it pierces the fascia lata, communicates with 
the long saphenous nerve, and gives off several cutaneous branches. It then 
passes down to supply the integument of the inner side of the leg. Beneath 
the fascia lata, at the lower border of the Adductor longus, it joins to form 
a plexiform netAvork {svhsartorial plexus) with brandies of the long saphenous 
and obturator nerves (fig. 808). Wlicn tJie communicating branch from the 
obturator nerve is large and continui^d to tlio integument of the leg, the 
internal branch of the internal cutaneous is small, and tcrminati's in the plexus, 
occasionally giving off a few cutaneous filaments. 

The internal cutaiuious nerve, before dividing, gives off a few filaments, 
w'liich pieriic the fascia lata, to supply the integument of the inner side of the 
thigh, accompanying tlic long sajiliehous vein. One of these filaments piisses 
through the sajihenous opening ; a second becomes subcutaneous about the 
middle of the thigh ; a third pierces t!ie fascia at its lower third. 

Muscvlnr braiichcs of the anterior division. --The nerve, to the Fectinevs arises 
from the anterior crural immediately below Poupart’s ligament, and passes 
irnvards beJiind the fmnoral sheatli to enter the anterior surface of the muscle ; 
it is oftmi duplicated. The nerve to the Sartorius arises in common with the 
middled cutaneous. 

The long or internal saphenous nerve (n. saphenus) is the largest cutaneous 
branch of the anterior crural. It approaclwss the femoral artery where 
this vessel passes beneatli the Sartorius, and lies in front of it, beneath the 
aponeurotic covering of Hunter’s canal, as far as tlie oj»ening in the. lower 
part of the Adduedor magnus. It then quii.« the artciy, and descends vertically 
along the inner sid«? of the knee beneath the Sartorius, ])iei’ces the fascia lata, 
opposiUi the interval between the tendons of the Sartorius and Gracilis, and 
becomes subcutaneous. The nerve tlmn passes along the inner side of the leg, 
accompanied by the internal sa])henous vein, descends bcdiind the internal 
border of the tibia, and, at tlie lower third of the leg, divides into two branches : 
one continues its course along the margin of the tibia, terminating at the 
inner ankle ; the other passes in front of tlie ankle, and is distributed to 
the integument along the inner side of tlie foot, as far as tlie ball of the 
great toe, communicating with the internal branch of the musculo-cutaneous 
nerve. 

Branches. —The long saplienous nerve, about the middle of the thigh, gives 
off a communicating branch whicli joins the subsartorial plexus. 

At the inner side of the knee it gives off a large jxitellar branch (ramus 
infrapatcllaris) w'liich jiierces the Sartorius and fascia lata, and is distributed 
to the integument in front of the patella. This nej’V'c communicates above the 
knee with the anterior branch of the internal cutaneous an,d with the middle 
cutaneous ; below the knee, w'itli other branches of the long saphenous ; and, on 
tlie outer side of the joint, with brandies of the external cutaneous nerve, 
forming a plexiform network, the plexus patellce. The patellar branch is 
occasionally small, and terminates by joining the internal cutaneous, w'hich 
supplies its platie in front of the knee. 

Below' the knee, the branches of the long saphenous nerve are distributed to 
the integument of the front and inner side of the leg, communicating with the 
cutaneous branttlics from the internal cutaneous, or from the obturator nerve. 

The muscular branches the posterior division supply the four parts of the 
Quadriceps extensor muscle.. 

The branch U) the Rectus femoris enters the under surface of the muscle high 
up, sending off a small filament to the hm-joint. 

Tlie branch to the Vastus externus, of large size, follows the course of the 
descending branch of the external circumflex artery to the loAver part of 
the muscle. It gives off an articular filament to the knee-joint. 
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The branch to the Vastus internua is a long filament running down on the 
outer side of the femoral vessels in company with the internal saphenous nerve. 
It enters the muscle about its middle, and gives off a filament, which can usually 
be traced downwards, on the surface of the muscle, to the knee-joint. 

Till! branches to the Crureus are tw'o or thri'c m number, and enter the muscle 
on its anterior surface about the middle of tlie thigh ; a filament from one of 
these descends Ihrough the muscle fo tin* Suberureus and the knee-joint. 

Till' nrlieuhr branch to the hifj-johil is derived from the nerve to the Rectus. 


Fto. 8()!).—Plan of sacral and pudendal plexuses. 
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The articular branches to the knee-joinl are three in number. One, a long, 
slender filament, is derived from the nerve to the Vastus externus ; it penetrates 
the capsular ligament of the joint on its anterior aspect. Another is derived 
from the nerve to the Vastus intemus. It can usu^y be traced downwards 
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on the surface of this muscle to near the joint; it then penetrates the muscular 
fibres, and accompanies the deep branch of the anastiomotica magna artery, 
pierces the capsular ligament of the joint on its inner side, and supplies the 
synovial membrane. The third branoli is derived from the nerve to the 
Crureus. 


SACRAL AND COCCYGEAL NERVES (NN. SACRALES ET COCCYGEUS) 

The anterior primary divisions of the sacral and coccygeal nerves 
form the sacral and pudendal plexuses. The anterior divisions of the upper 
four sacral nerves enter the j)elvis through the anterior sacral foramina, that 
of the fifth bel/Ween the sacrum and coccyx, while that of the coccygeal nerve 
curves fonvards below tlie nidimentary transverse process of tlie first piece 
of the coccyx. The first and second sacral are large ; the third, fourth, and 
fifth diminish progressively from above downwards. Each nerve receives a 
grey ramus rommunicans from tin* corresj)onding ganglion of the sytnpathetie 
cord, wJiile from tlie tliird, and frequently from tlie second and fourth sacral 
nerves white rami communicantes are given to the pelvic plexuses of the 
•sympathetic. 

Saokal Plexus (Pi.exus Sackalis) 

The sacral plexus (tig. 809) is formed by the lumbo-saiu'al cord, the anterior 
primary division of the first, and portions of the anterior primary divisions of 
the sf^cond and third sacral nerves. 


Fia. 810.—Side view of [iclvis, showing sacral nerves. 
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The liimbo-sacral cord comprises the whole of the anterior primary division 
of the fifth and a part of that of the fourth lumbar nerves; it appears at the 
inner margin of the Psoas magnus and runs dowinvards over the pelvic brim 
to join the first sacral nerve. The third sacral nerve divides into an upper and 
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a lower branch, tlie former entering the sacral and the latter the pudendal 
plexus. 

The nerves forming the sacral plexus converge towards the lower part 
of the great sacro-seiatic foramen, and unite to form a flattened band, from 
the anterior and posterior surfat^es of which several branches arise. The band 
itself is continued as the great sciatic nerve, which splits on the back of the thigh 
into the internal and external popliteal nerves ; these two nerves sometimes 
arise separately from the plexus, and in all cases their indei)endence can be 
shown by dissection. 

Relations. —^Tlie sacral jilexus lies on the back of the pelvis between the 
Pyriformis and the pelvic, fascia (fig. 810) ; in front of it are the internal iliac 
vessels, the ureter and the pelvic colon. The glutoal vosstds run between the 
lurabo-sacral cord and the first sacral nerve, and the seialic vessels between 
the second and third sacral nerves. 

All the nerves entering the x)lexus, with the cx{!*?ption of the third sacral, 
split into ventral and dorsal divisions, and the nerves arising from these are 
as follows : 

Ventral divisions. Dorsal divisions. 


Ncrv(i to Quadratus feraoris ) 
and Inferior gemellus I 
Nerve to Obturator intornus ) 
and Siijwrior gemellus 
Nerve to Pyriformis 
Superior gluteal 
Inferior gluteal 
Small sciatic .... 
Great (Internal popliteal 
sciatic I Ext(!mal popliteal 


1, 5 L, 1 S. 

5 L, 1, 2 H. 

. . . . {1)2S. 

: . . 4, 5 L, 1 S. 

5 L, 1, 2 S. 

2, 3 S . 1, 2 S. 

4, 5 L, 1, 2, 3 S. 

4, 5 L, 1. 2 S. 


The nerve to the Quadratus femoris and Inferior gemellus arises from the ventral 
divisions of the fourth and fifth lumbar and first sacral nerves : it leaves the. pelvis 
through the great sacro-sciatic; foramen, below the Pyriformis, and runs down in 
front of the great sciatic neiwe, the Gemelli and the tendon of the Obturator iirternus, 
and enters the ajitcrior surfaces of the muscles; it gives an articular branch to the 
hip-joint. 

'rh<r nerve to the Obturator intemus arises from the ventral divisions of the 
fifth lumbar and first and second sacral nerves : it leaves the pelvis through 
the, great saero-sriatic foramen behtw the Pyriformis muscle, crosses the ischial 
sj)ine, re-enters fhe pelvis through the small sacro-sciatic foramen, and ends, after 
entering the pelvic surface of the muscle, in tins Obturator internus. Thfi 
branch to the (ilomellus superior enters the iipj)er j)art of the posterior surface of 
tl>e muscle. 

The nerve to the Pyriformis arises from the dorsal division of the second, or 
the tlorsal divisions of tlu) first and second, sacral nerves, and enters the anterior 
surface of the muscle : this nerve may be douV>h!. 

'I’he superior gluteal (n. glutauis su])erior) arises from the dorsal divisions 
of the fourth and fifth lumbar and first sacral nerves : it leaves the jjelvis 
through the great taicro-sciatic foramen above tin; Pyriformis, accomj)ani(‘d by the 
gluteal vessels, and divides into a superior and an iulerior braueh. The .wperior 
branch aceomj)auies the upper branch of the deej) division of the gluteal artery 
and cuds in the (tIuIcus minimus. The inferior branch runs with the lower branch 
of the gluteal artery across the. Gluteus minimus ; it gives filaments to the Gluteus 
medius and Gluteus minimus, and ends in the Tensor fasciae femoris. 

The inferior gluteal (ii. glutseus inferior) aristss from the dorsal divisions 
of the fifth lumbar and first and second sacral nerves : it leaves the pelvis through 
the great sacro-seiatic foramen, below the Pyriformis, and divides into branches 
which enter the deep surface of the Gluteus maximus. 

The small sciatic (n. cutaneus femoris posterior) is distributed to tbo 
skin of the perinmum and posterior surface of the thigh and leg. It arises 
partly from the ventral and partly from the dorsal divisions of the first, second, 
and third sacral nerves, and issues from the pelvis through the great sacro- 
sciatic foramen below the P 3 rri£ormis. It then descends beneath the Gluteus 
maximus with the sciatic artery, and runs down the back of the thigh beneath 
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the frtscia lata, and over the long head of the Biceps to the back of the knee : 
here it pierces the fascia and acconi}»anies the external saphenous vein to about 

the middle of the back of the leg, its 
Fia. 811.—Cutaneous nerves of right terminal twigs communicating with the 
lower extremity. Posterior view. external saphenous nerve. 



Its branches arc all cutamious, and 
are grouped as follows : gluteal, perineal, 
and femoral. 

I’lie gluteal branches, three or four in 
number, turn upwards round the lower 
border of the Gluteus maximus, and 
supply the skin covering the lower and 
outer part of that muscle. 

The perineal branches (rami pcrincales) 
ar(! distributed to the skin at the uy)})cr 
and inner side of the thigh. One brancli, 
longer than the nwt, the inferior pudendal, 
(!urves forw'ards below and in front of the 
Isciliial tuberosity, pierces th(i fascia lata, 
and runs forw'ards beneath the su})erficial 
fastiia of t he jjcrinBeum tt> the skin of the 
scrotum in the male, and of th<‘ labium 
majus in the female. It cominunicates 
witli the inferior hsemorrhoidal and 
suj)erficial perinaeal nerves. 

'I’lie femoral brandies consist of 
numerous filaments desrivod from both 
sides of the ner\'e, and are distributed 
to the .skin covering the back and inner 
side of tlio thigh, the j)opliteal siiace, 
and the up 2 )er ])art of tlie bach of the 
leg. 

Th<‘ great sciatic (n. Lscliiadicus) 
(fig. 813) supplies nearly the wliole of tlie 
integument of (he leg, the inu,sclcs of 
the l)ack of the thigh, and tho.se of tlie leg 
aud foot. It is the largest nerve in the 
body, nicasiiriug three-i^uartcrs of an incli 
in breadth, and is the continuation of 
the flattened band of the sacral jilexus. 
It pas,ses out of the pelvis through the 
great sacro-sciatic foramen, below the 
Pyriformis muscle. It descends betw'cen 
the great trochanter of the femur and 
the tuberosity of the ischium, along 
tlu' back 2 iart of the thigh to about its 
lower third, wdiere it divides into two 
large branches, the internal and external 
popliteal nerves. This division may take 
place at any point between the sacral 
plexus and the low'er third of the thigh. 
When it occurs at the plexus, the ex- 
ttirnal popliteal nerve usually pierces the 
Pyriformis. 

As the nerve descends along the back 
of the thigh, it rests upon the posterior 
surface of the ischium, the nerve to the 
Quadratus femoris, and the external 
rotator muscles of the thigh, in company 
with the small sciatic nerve and artery, 
and is covered by the Gluteus maximus; 


lotver down, it lies upon the Adductor magnus, and is cbvered by the long 


head of the Biceps. 
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The hranches of the nerve, before its division, are articular and muscular. . 
The articular branches arise from the upi»er part of tlio nerve ; they supply 
the hip-joint, perforating the posterior part of its fibrous capsule. These 
branches are sometimes derived fi-om tlio 


sacral plexus. 

The muscular hranches are distributed 
to the flexors of the leg : viz. the Biceps. 
Semitcndinosus, and Semimembranosus, and 
to the Adductor magnus. Tiic nerve to 
the short head of the Biceps comes from tlie 
external popliteal part of the great sciatic, 
while the other muscular branches arise from 
the internal popliU^al portion, as may be 
S(»en in those cases where the two poi)lik!al 
nerves emerge separately on the buttock. 

'rhe internal popliteal (n. tibialis), the 
largtjr of the two terminal branches of tlie 

i freat sciatic, aiise.s from tlwi anterior 
)raticlies of the last two lumbai- and first 
three sacral nerves. It descends along tlie 
back part of t he thigh, thiough the middle 
of the popliteal .space, to tlie lower part of 
the Bopliteus muscle, wlieic it passes with 
the pophteal artery beneath the arch of tlie 
Soleus, and becomes the posterior tibial. It 
is oveiiapyied by the hamstring muscles 
above, and then becomes more siijii'iiicial, 
and lies to the outer side of, and some dis¬ 
tance from, the popliteal vessels ; opposite 
the knee-joint, it is in close relation with 
the vessels, and crosses to the inner side of 
the artery. Below, it is ove.rla.])])ed by the 
Uastroeuemius. 

The branches of this nerve are, articular, 
muscular, and a (uitaneous branch, the 
communicans tibialis. 

The articular branches, usually three in 
number, sujjply the knee-joint ; two of 
these accompany the superior and inferior 
internal articular arteries ; and a tliird, the 
azygos articular artery. 

The muscular branches, four or fiv<! in 
number, arise from the nerve as it. lies 
between the two heads of the (jastrocncmius 
muscle ; they sujiply that rnusede, and (.he 
Plantaris, yoleus, and l^oj^litcus. I’he 
branch wdiicli supplies the Po])liteus turns 
round the lower border and is distributed to 
the di^ep sui-faee of the muscle. 

The communicans tibialis (n. cutaueus 
suriB medialis) descends between (he two 
heads of the Gastrocnemius muscle, and, 
about the middle of the back of the leg, 
pierces the deep fascia, and joins a com¬ 
municating branch {communicans peronei) 
from the external popliteal nerve to form 
the external, or short, saphenous nerve 
(fig. 811). 

The external saphenous (n. suralis), formed 
by the communicating branches of the in¬ 
ternal and external popliteal nerves, passes 
downwards and outwards near the outer 
margin of the tendo Achillis, lying close to 


'ra. 812.—Segmental distrihution of 
tlie cutaneous nerves of the right 
lower exti-emity. Posterior view. 
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Fio. 813 .--Nerves of the right lower extremity.* the external saphenous vein, 
Posterior view. to the interval between tlie 

external malleolus and the os 
ealois. It winds round the outer 
malleolus, and is distributed to 
/ - tlie integument along the outer 

/ uVrtiPl little toe, 

fj / communicating on the doi'sum 

gl^IrtU -musculo- 

cutaneous nerve. In the leg, 
.Yfivyi.. \ i(.s branches communicate wit h 

r.r,„A those of the snuiU sciatic. 

posterior tibial (fig. 

SiiifiH '■'jf 813), the direct contmuation of 

Ivfcrior if intei’iiiil po])liteal nerve, 

pudcndul ^ ;/|l' V j commences at the lower border 

Vi I rfflw llP ^f V "I Popliteus muscle, and 

1 IpIH ' f I I passes along the back })art of 

I 'W tlie leg witli the liosterior tibial 

j)ciirciidi}ig\^\^\mJBR:; ji/l vcsscls to the interval between 

cutnueous -| i # 

I I I | | ' / :/ wliere it divides beneath the 

i' lfenl’ wlJi '' ''1 internal aJiniilar ligament of 

’ " 1 \V '/ ankle into the intcrml and 

' 5 Is^' \ 'lllll' ” ’/ cxtenuil pJuiUar nerws. J t lies 

, ' iBil'i i l vi // upon the deep muscles of the leg, 

liiHifB 'A 'ra f covered itx the ujipi'r jiart 

l/MKMnJMill '/ muscles of the calf, lowi'r 

infcriKil _Jlllllll f down by the skin and tlie su]H‘r- 

popiiteaJ ficial and dee]) fasciae In the 

Jyricnia/ Upper part of its course, it lies 
I I 'Hfi ~ i>»p!iic(ii, 01 to the inner side of the posterior 

'1^8^^'I tibial artery; but it soon crosses 

\ / *^***'* outer 

\ **■” ^ankle. In tlie 

Counvuuicum M’*' 

Ubiahs y~S/{\W/M>^ CoiiiuiiiiiK< placed |)arall(‘l ivith the inner 

iirioiici margin of the tendo Achillis. 
Posicnor tihml j ^|| |7 [ ® Thc 6m/tcAe.? of the jHtsli riar 

'MW »" lihial nerve are muscular, internal 

calcanean, and articular. 

Ir'' iJH l!^'' inuscnlar hrancJivs ai'isc 
IrUB 1'^'^ either separat ely or by a common 

trunk from the upper part of the 
i ~wl O nerve. They supply the Soleus, 

I MlMi;.’']IH' Tibialis j)osticu8, Flexor longus 

loffW' ?/|w • digitorum, and Flexor longus 

I pfa Ml Pliv iiallueis musc^les ; the branch to 

I ' tH Pi muscle accoinj)anics 

II mm ^ M peroneal artery. The branch 

■fmm 'm from tlie posterior tibial nerve 

‘ WiF in tSoleus enters the deep 

J'mB- m surface of the muscle, while that 

kmm from the internal j)o|)liteal entfsrs 

iHmr'M r the superficial surface. 

wjW Jffl The internal calcanean branch 

(ramus calcaneus medialis) per- 
cutuncouH —wlW. forates the internal annular 

ligament, and supplies the in- 
k tegument of the heel and inner 

side of the sole of the foot. 

* N.R.—In this diagram the noiiuniinicaus tibialis and coinruunicans pcronciare not in their 
normal position. They have boon displaced by the removal of the superficial muscles." 
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Fro. 814.—^The plantar nerves. 
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Tlio articular branch is given ofE just above the bifurcation of the nerve, and 
supplies the ankle-joint. * 

The internal plantar (n. plantaris 
mcdialis) (fig. 814), the larger of the 
two terminal branches of the posterior 
tibial, aceomiianies the internal plantar 
artery along the inner side of the foot. 

From its origin at the inner ankle it 
passes beneath tlic Abductor hallucis, 
and then forwards between this muscle 
and the Flexor brevis digitorura; it 
divides opposite the bases of the niota- 
tarsal bones into four digital brandies, 
and comnmnicates witli the external 
plantar nerve. 

Branches .—In its course, the internal 
plantai' nerve gives off cnlancmis branches, 
which pierce the jilanlai’ fascia, and 
supply the integument of the sole of the 
foot ; muscular branches, vvliich supply 
the Abductor hallucis and Flexor brevis 
digitorum; articular branches to the 
articulations of the tarsus and meta¬ 
tarsus; and four digital bramhes. 'I'lic lirst 
(inncrmosl.) brancli becomes cutaneous 
about the middle of tlie solo, between 
th<i Abductoj- liallucis and Flexor brtivis 
digitorum; the three ouliir braiuihes 
pass between the divisions of the plantar 
fascia in the clefts between tliii toes. 

Thisy are distributed in the following 
maiiuor : the jirst supplies tlie inner 
border of the great toe, and sends a _ 

filament to the Flexor bi’cvis hallucis 

muscle ; the second bifurcates, to supply the adjacent sides of the great and 
second toes, sending a filament to tlio First lumbricalis ; * the third digital 

branch sup[)lies the adjacent sides of the 
seciond and third toes ; the fourth supplicis 
the corresponding sides of the third and 
fourtli toes, and receives a eominmiicating 
branch from the external plantar nerve. 
Each digital nerve gives off cutaneous and 
articular filaments ; and opposite the last 
phalanx sends a dorsal branch, which 
sup})lie3 the structures around the nail, the 
continuation of the nerve being distributed 
to the ball of the toe. It will be observed 
that these digital branches are precisely 
similar in their distribution to those of the 
nuidian nerve in the hand. 

The external plantar (n. plantaris 
lateralis), the smaller of the two, completes 
the nervous supply to the structures of 
the sole of the foot, being distributed to the 
little toe and outer half of the fourtli, as 
well as to most of the deep muscles, its 
distribution being similar to that of the 
-uhiar in the hand. It passes obliquely 
forwards with the external plantar artery to 
the outer side of the foot, lying between the Flexor brevis digitorum and Flexor 
accessorius ; and, in the interval between the former muscle and the Abductor 



Fig. 815.—Cutan<K)us distribution o! 
plantar nerves. 
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• Consult article by Brooks, Jotwnal of Anai. and Physiol., vol. xxi. 
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minimi digit!, divides into a superficial and a deep branch. Before its division, 
it supplies Jbho'Flexor accessorius and Abductor minimi digit!. 

The superficial branch (ramus superficialis) separates into tv'o digital nerves : 
one, the smaller of the two, supplies the outer side of the little toe, the Flexor 
brevis minimi digiti, and the two Interosseous muscles of the fourth metatarsal 
Space ^ the other and larger digital branch supplies the adjoining sides of the 
fourth and fifth toes, and communicates with the internal plantar nerve. 

The deep branch (ramus profundus) accompanies tlie external plantar 
artery on tlie deep surface of the tendons of the Flexor muscles and the Adductor 
dbliqiius hallueis, and supplies all the Interossci (except those in the fourtli 
metatarsal space), tlie three outer Lumbricales, the Adductor obliquus hallueis, 
and the Adductor transvorsus hallueis. 

The external popliteal or peroneal (n. peronseus eommmiis) (fig. 813), 
about onc-lialf the sixe of the internal pojiliteal, is derived from the dorsal 
branches of the last two lumbar and first two sacral nerves. It descends 
obliquely along the outer side of the popliteal space to the head of the fibula, 
close to the inner margin of the Biceps raus(rlc. It is easily felt beneath the 
skin behind the liead of tlic fibula, at the inner side of the tendon of the Biceps. 
It lies bctu'cen the l<>ndon of the Biceps and outer litjad of the (Jastrocneniius 
muscle, uinds round the neck of the fibula, between the Peroneus longus and 
the bone, and divides beneath the nruscle into the anterior tibial and musculo¬ 
cutaneous nerves. 

The branches of the exlmml 'jwpliteal nerve, jJievious to its division, arc 
articular and cutarK'oiis. 

'J’hc articular Immches are three in number; two of these acconqianv the 
su])eriyr and infeiior external articular arteries to the outer side of the kma*. 'I’he 
upjK'r one occasionally aristw from tlie gieat sciatic nerve befoie its bifurcation. 
3’ln* third {recurrent) articular nerve i.« given oil at the point of division of the 
external popliteal nerve ; it/ ascends with the anterior riH'urri'nt tibial aiteiy 
through the Tibialis anticus muscle to the front of the knee, uhich it supjilies. 

The cutaneous Itranchcs, tuoor three in number, supply the integument along 
the back part and outer side of the leg ; one of these, larger than the rest, the 
communicans peronci (lamus anasteimoticus iieronseus). arises near the ht'iwl 
of the fibula, cuxisses the extemal head of the Gastrocnemius to the middle 
of the leg, and joins with the communicans tibialis to form the exti'mal 
saphenous. The communicans peronci is occasionally continued down as a 
separate branch as far as the heel. 

The anterior tibial (n. peronjcus jirofundus) (fig. 808) commcnce.s at 
the. bifunjation of tlie peroneal nerve, between the fibula and uppei’ ]iart of 
the Peroneus longus, passes obliquely forwards beneath tlic Extensor longus 
digitonim to the fore part of the interosseus membrane, and comes into relation 
with the anterior tibial artery above the middle of tlu' leg ; it then descends 
with the artery to tin* front of the ankle-joint, where it divides into an external 
and an internal branch. It lies at first on the outer side of the anterior tibial 
artery, then in front of it, and again on its outer side, at the ankle-joint. 

The branches of the anterior tibial 7a;rve, in its course through the leg, arc 
mtu>>cular io the Tibialis antiens. Extensor longus digitorum, Peroneus tertius, 
and Extensor proprius luillucis muscles, and an articular branch to the ankle- 
joint. 

The external terminal Irranch passes outu ards .across the tarsus, beneath the 
Extensor brevis digitoruni, and, having become enlarged like tlie posterior 
interosseus nerve at the u'rist, supplies the Extensor brevis digitorum. From 
the enlargement three minute interosseous branches are given off, whiidi supply 
tlie tarsal joints and the metatarso-phalangeal joints of the second, third, and 
fourtli toes. The first of these sends a filament to the Second dorsal interosseous 
muscle. 

The intenud branch, the continuation of the nerve, accompanies the dorsalis 
pedis artery along the. inner side of the dorsum of the foot, and, at the first 
interosseous space, divides into two branches, which supply the adjacent sides 
of the great and second toes, communicating with the innermost branch of the 
musculo-cutaneous nerve. Before it divides it gives off to the first space an 
interosseous branch which supplies the metatarso-phalangeal joint of the great 
►toe and sends a filament to the First dorsal interosseous muscle. 
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The musculo-cutaneous (n. peronajus superficialis) (fig/808) supiilies the 
muscles on the fibular side of the leg, and the integument over ^he.grt5ater 
part of the dorsum of the foot. It passes foi’vyards between tlie Peronei and 
the Extensor longus digitorum, pierces the deep fascia at the lower third of 
the h*g, on its front and outer side, and divides into two branches. This nerve, 
in its course between the muscles, gives off muscular branches to the Peronei 
longus and brevis, and cutaneous filaments to the integument of the’lower 
part of the leg. 

The inferttal branch of the muaculo-culaneovs nerve passes in front of the 
ankle-joint, and divides into two branches, one of which supplies the inner side 
of the great toe, the other, the adjacent sides of the second and tliird toes. It 
also supplies tlie integument of the inner ankle and inner side of the foot, 
communicating witli the internal saphenous nerve, and joining with the anteiior 
tibia! nerve, betwecui the great and second toes. 

The cxterval branch, the smaller, passes along tlie outer side of the dorsum 
of the foot, and divides into two branches, the inner being distributed to the 
contiguous sides of th<i third and fourth toes, the outci* to the opjiosed sides of 
the fourl h and fift li t ocs. It also supplies 1 h(' intc-gument of the outc'r ankle and 
outer side of the foot , (onimunicating with the short saphenous nerve. 

'I'hc brandies of the musculo-cutaneous nerve supply all the toes exc<‘j)ting 
the outer side of the little toe, and the adjoining sides of the great and si'cond 
toes, the former being sujiplied by the external saphenous, and the latter by the 
internal branch of the anierior tibial. It fr<>(iuently haiipcns, however, that 
some of the outer brandies of (lie musculo-cutaneous are absent, tlu'ir jilaccs 
being then taken by branches of the external saphenous nerve. 

Pudendal Plexus (Plexus Pudendus) 

The pudendal plexus (fig. S09) is not sliarjily marked off from the sacral 
[ilexiis, and as a consequenei' some of (he brandu'S uliidi spring from 
it may arise in conjunction with tliosi*, of the sacral jile.xus. It lies on the 
postt'iior wall of tlu' pi'lvis, and is usually formed by branches from the 
anterior primary divisions of tlu' si'cond and third sacral nerves, the whole of 
the anierior primary divisions of tlu' fourth and Jifth sacral nerves and the 
coccygeal nerve. 

It gives off the following branches : 

Perforating cutaneous.2. 3 tS. 

Pudic 2, 3, 4 S. 

A’iseeral.3, 4 8. 

Muscular.4, 8. 

Ano-coccygeul.4, fi, 8. and (hce. 

The perforating cutaneous usually arises from the fiostcrior surface of 
the second and third sacral nerviis. It pierces tb<! lower (lart of the gieat 
sacro-sciatic ligament, and M’inding round the inferior border of the (lluteus 
maximus supplies the skin covering the inmu- and lower parts of that muscle. 

The xierforating cutaneous nerve may arise from the pudic or it may be absent: in the 
latter case its place may be taken by a branch from the small sciatic nerve or by a Itranch 
from the third and fourtli, or fourth and fifth, sacral nerves. 

The pudic (n, pudendus) derivi's its fibl■c^s from the ventral branehes 
of the second, third, and fourth sacral nerves. It leaves the pelvis, below 
the Pyriformis, tlirough the great saero-seiatic foramen. It then erosse.s the 
spine of the ischium, and re-enters the pelvis through the small sacro-seiatie 
foramen. It accompanies the pudic vessels u})wards and forwards along the 
outer wall of the ischio-reetal fossa, being contained in a sheath of the obturator 
fascia, termed Ale.ock's canal, and divddes into two terminal braneluis, viz. 
tJie perineal n<'rve, and the dorsal nerve of the ])enis or clitoris. Before its 
division it gives off the inferior.luEmorrhoidal nerve. 

Th(^ inferior hcemorrluddal nerve is occasionally derived separately frf)in (ho 
sacral plexus. It passes across the ischio-rectal fossa, with its a('(!ompanving 
vessels, towards the lo ver end of the rc^ctum, and is distributed to the Sphinot<w 
ani externus and to tlio integument round the anus. Branches of this nerve 
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communicate with the inferior pudendal and superficial perineal nerves at the 
fore part of the perinscum. 

The perineal nerve, the inferior and larger of the two terminal branches of 
the pudic, is situated below the pudic arteiy. It accompanies the superficial 

S erineal artery in the peiinaeum and divides into cutaneous and muscular 
ranches. 

The cutaneous branches (sui^rticial iwrineal) are two in number, jjosterior 
and anterior. The posterior or external branch jjieiees the base of the triangular 
ligament of the urethra, and passes fonvards along the outer side of theuretliral 
triangle in company witli tiie 8u])erficial perineal artery ; it is distributed to the 
skin of tlie scrotum. It comniunicates nith the inferior hamioiThoidal, the 
inferior pudendal, and the other superficial perineal nerve. The anterior or 
internal branch also ])ierces tJio base of the triangular ligament, and passes 
forwai-ds nearer to the middle line, to be distributed to the inner and back part 
of the scrotum. Both iliese iwu'vtjs supj)ly the lal)ium majus in ttic female. 

The muscular brandies arc distributed to tJie Transversus perinaBi, 
Accelerator urina*, Erector jM'iiis, and (.'ojnpressor urethra;. A distinct branch 
given off from the nerve to the Aeeehaator urina*, pii'rec'S this muscle, 
ami supjilies tlie corpus .sjarngiosum, ending in the mucous membrane of the 
un't hra. I’his is the nerve to the bulb. 

'J lie d(»sal nerve of the penis is tlie deepest division of the pudic nerve; it 
accompanies the jitidic arbay along the ramus of the ischium ; it then runs 
forwai’ds along the iinu'r margin of the ramus of the pubis, between the 
superficial and deep layers of the triangidar ligament. I’iercing the sujjcrfLcial 
layer it gives a branch to tlie coipus cavernosum, luid passes forwards, in 
compajiy with the dorsal artery of the pi'iiis, between the layers of the suspensory 
ligament, on to the dorsum of the ])(;ni8, along wliieh it is carried as far as the 
glans on which it emls. 

In the female tlie dorsal nervi* is veiy small, and supplies the clitoris. 

The visceral branches arise from the third and fourth, and sometinu's 
from the second, sacral nerves and are distributed to tJie bladder and rectum 
and, in the femah;, to the vagina ; they communicate with the pelvic plexu8(;s 
of the sympathetie. 

'J’he muscular branches an; derived from the fourth sacral, and supply 
the Levator ani, (■occygeus, and SphiiKiter ani externus. The branches to the 
Levator ani and Cociygeus enter their jielvic surfaces ; that to the Sphincter ani 
externus (perineal branch) reaches the ischio-rectal fossa by piercing the 
Coecygeus or by passing betwei;n it aiid tin; Levator ani. C'Utaneous filaments 
from this branch supply the skin between tlu; anus and tlu; coccyx. 

A no-coccygeal branches (nn. anii;occygei).—'^PI m; fifth sacral nerve receives 
a coinmunica.t ing filament from the fourth, and unites with the coccygeal nervi; 
to form what is known as the coccygeal jdems (plexus coecygeus). From this 
plexus the ano-coccygc'al nerves take origin : they consist of a few fine filaments 
w'hich pierce the great sacro-scdatic ligament to supply the skin in the region 
of tlu; coccyx. 

Applied Anatomy .—The Jiiinbar 2 >loxus passes through the Psoas mugnus, and therefore 
ill })soas altttcoss any or all of its branches may bo irritated, caiisiig*; severe pain in the 
part to which the irritated nerves are distributed. The genito-crural nerve is the one 
•which is most frequently implicated. U'his nerve is also of importance as it is concerned 
in one of the principal sojierficial reflexes omjiloyed in the investigation of diseases of 
the spinal cord. If the skin over the inner side of the thigh just below Poupart’s ligament, 
the jiart supplied by the crural branch of the genito-crural nerve, be gently tickled in 
a male child, the testicle will be noticed to be drawn upwards, through the action of the 
Cremaster muscle, supjilied by the genital brancli of tlie sumo nerve. I'he sumo result 
may sometimes be noticed in adults, and can almost always be produced by severe 
stinmlation. 'I'his reflex, when jiresent, shows that the portion of the <;ord from which 
the first and second lumbar nerves are derived is in a normal condition. 

The anterior crural nerve is m danger of being injured in fractures of the true pelvis, 
since the fracture most commonly takes place through the ascending ramus of the 
pubis, at or near the point where this nerve crosses the bone. . It is also liable to be injured 
in fractures and dislocations of the femur, and is likely to be pressed upon, and its functions 
impaired, by some tumours growing in the pelvis. Moreover, on accoimt of its superficial 
position, it is exposed to injury in wounds and stabs in the groin. It is also likely 
to be affected in cases of infantile paralysis. When this nerve is paralysed, the patient is 
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unable to flex hits hip completely, on account of .the paralysis of the Hiocus ; or 
to extend the knee on the thigh, on account of paralysis of the Quadriceps extensor 
cruris; there is complete paralysis of the Sartorius, and partial paralysis of the Pectineus. 
There is loss of sensation down the front and inner side of the thigh, except in that 
part supplied by the crural branch of the genito-crural, and by the ilio-inguinal. There 
is also loss of sensation doaTi the inner side of tlio leg and foot iis far as the ball of the 
great toe. 

The obturator nerve is rarely pjiralysed alone, but occasionally in association with the 
anterior crural. The principal interest attaclioii to it is in connection with its supply to 
the knee ; pain in the knee being syniplomatio of many diseases in whicli the trunk of 
this nerve, or one of its branchas, is irritated. Thus it is well known that in the earlier 
stages of hip-joint disease the patient docs not complain of pain in that articulation, but 
on the inner .side of the knee, or in the knee-joint itself, botli these articulations being 
supplied by the obturator nerve, the final distribution of the nerve being to the 
knee-joint. Again, tlio same thing occurs in sjvcro-iliac disease: pain is complained 
of in the knee-joint, or on its mn(^r side. The obturator nerve is in close relationship 
with the sacro-iliac. articulation, jiassing over it, and, according to some anatomists, 
dLstribnting lilainents to it. Further, in cancer of the ilio-])elvic colon, and oven in 
cases where masses of hardentid fajces arc impacted in this portion of the gilt, jtain 
is complained of in the knee. The left obturator nerve lies beneath the pelvic colon, 
and is rciulily pressed u]>on and irritated Mhcii disease exists in this part of the inte.stine. 
FiJially, pain in the knee forms an important iliugnostic sign in obturator licrnia. The 
bernial protrusion as it passes out tbrough the opening in the obturator membrane presses 
upoti the nerve and causes pain in the parts suj)plie(l by its peripheral filaments. When 
the obturator nerve is paralysed, tJic pationl. is unable to press his knees together or to 
cross one leg over the other, on account, of j)aTalysis of the Adductor muscles, lioiation 
outwards of tJic thigh is impaired from paralysis of the Oliturator extemus. Sometimes 
there is loss of sensation in tlie upper half of the inner siilo of the thigh. 

I'lic great sciatic nerve is liable to be prissscd upon by various forms of pelvic tumour, 
giving rise to pain along its trunk, to which t he term sciati(!a is applied. Tumours^'owing 
from the ]>elviu viscera, es])ecially advanced caiuier »>£ the rectum, aneurysms of some of 
the bianchw of the internal iliac artery, calculus in the bladder when of largo size, accumu¬ 
lation of fii'ccs in the rectum, may all (sause i>rossure on the nerve inside the pelvis, and 
give rise to sciatica. Outside the jxdvis violent movements of the hip-jomt, exostoses 
or other tumours growing from tlui margin of the sacro-sciatic foramen, may also give rase 
to the. same condition. Most cases of sciatica, however, arc due to neuritis of the schitic 
nerve from exposure to coki, and it occurs more often in men than in women, in the latter 
half of life, and often in association with rlienmalism, gout, or diabetes mcllitns. Tlie 
inflamed nerve is often sensitivtf to pressure', x»articiilarly in certain ‘ tender sjmts ’ (c.g. 
near the ]>osterior iliac sjnrie, at. the sciatic notch, aleout the middle of the hack of the 
thigh, in the )»opliteal space, below the head of Iho fibula, behind tho malleoli, on 
the doj-snm of the foot), and pain is felt whenever extension of tho leg is attempted, and 
th(! nerve is strel,chcd. Paralysis of the sehitie nerve is rarely complete ; when the lesion 
oeeiirs high up there is palsy of tlie liicojis. Semimembranosus, and Komitendinosus, and 
of the* muscles below the knee. If the lesion Ire lower down, tlierc is loss of motion in 
all the mu.scles below the knee, and loss of sonsationin the same situation, except the upper 
half of the back of the log, which is supjiliwJ by the small sciatic, and in the upper half 
of the inner side of the leg, when the eommuiiieating branch of the obturator is largo (sec 
page 1)74). Lesions of the external jioplitcal nerve cause jraralysis of the Tibialis anticus, 
the I’oronei, the long Extensors of the toes, and the short Extensor on the dorsum of the 
foot. ‘ Fool -dro]) ’ follows, dorsal flexion of tho toeji and alxluetion of Uio foot becoming 

impossible. Later on talipes results, largely by the action of gravity and by the weight 
of the superincumbent bedclothes when the {latient Jics in Is'd. 

The great sciatie^erve has been frequently cut down upon and stretched, or has been 
acnpunetiircd, for the relief of sciatica. In onlor to define it on the surface, a point is taken 
at the junction of tho middle and low or thirds of a line slrolching from the posterior superior 
spine of the ilium to the outer part of the tuber isehii. and a line drawn from this to the 
middle of the upjier part of the po]>lilcal space. The line must be slightly curved with its 
convexity outwards, iincl as it passes dowmwards to the lower border of the Gluteus maximus 
is slightly nearer to the tuber isehii than to the great trochanter, as it crosses a line drawn 
between these two points. The operation of stretching the sciatic nerve is performed 
by making an incisioti over the course of the nerve alxnit the centre of the thigh. The skin, 
superficial structures, and deeji fascia having been divided, the interval between the inner 
and outer hamstrings is to be defined, and these muscles pulled inwards and outwards 
rospeotively with retractors. The nerve will be found a little to the inner side of the Biceps. 
It is to be separated from the surrounding structures, hooked up with tho finger, and 
stretched by steady and continuous traction for two or three minutes. The sciatic nerve 
may also be stretched by what is known as the ‘ dry ’ plan. Tho patient is laid on his 
back, the foot is extended, the leg flexed on the thigh, and the thigh strongly flexeti on the 
abdomen. While the thigh is maintained in this position, the leg is forcibly extended to its 
full extent, and the foot as fully flexed on tho leg. 
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TJie position ot the.'extemal popliteal, close lichiiid the tendon of the Jiiceps on tln‘ 
outer side of the ham, should be remembered in subcutanoous division of the tendon. 
After the tendon is divided, a cord often rises up close beside it, n hich might •l>e mistaken 
for a small undivided portion of the tendon, and the surgeon might bo tempted to reintro 
duee his linife and cut it. 'Phis must never be done, as the cord i.s the external popliteal 
nerve, which becomes prominent as soon as the tendon is divided. Wierc this nerve 
winds round the neck of the fibula, it is also liable to be severed accidentally if its exact 
situation is not kept in mind, and especial care must be used when dealing with sinuses 
leading down to carious bone in this situation. Section of the nerve results in complete 
‘ foot'drop ’ from paralysis of the anterior tibial group of muscles and inversion of the 
foot from the nnOpposed action of the Tibialis posticus, the Peronei being paral^ed, 
together with aniesthesia of the parts supplied by the nerve, and, owii^ to loss of nutrition, 
the limb frequently becomes blue and cold, and may develop ‘ trophic ’ sores. 


THE SYMPATHETIC NERVES 


The sympathetic nerves (fig. 816) are distributed to the viscera and 
blood-vessels * and are intimately connected with the spinal and certain of 
the cranial nerves. They are cliai'aeterised by the ijn'senee of numenms 
ganglia which may be divided into tlir «'0 groups, central, collateral, and 
terminal. 

1’hc central ganglia are ananged in two vertical rows, one on either side 
of the middle line, situated partly in front and partly at the sides of tlni 
vertebral column. Each ganglion is jomed by intervening nervous trunks to 
adjacent ganglia so that two chains or cords arc formed, the gnngliated eordu 
of the. syrnfalhetic. The collateral ganglia are found in connection with 
three great preverlcbral plexiineji, jilaced Avithin the thorax, abdomen, and 
pelvis respectively, while tlie terminal ganglia are located in the Avails of the 
viscera.f 

The gangliated cords (trunei sympalhiei) extend fl ora tlio l)a.seof the .skull 
to the coccyx. The cranial end of each is eontinued upAvards througli tlie 
carotid canal into the skull, and forms a jilexus on the internal carotid artery ; 
the lower ends of the Iaao cords coiiAerge and end in a .single ganglion, the 
tjanylion irnpar, placed in front of the coccyx. The ganglia of each cord are 
distinguished as cervical, thoracic!,lumbar, and sacral, and, except in the neck, 
tlu'y closely correspond in number to thc' veitebrae. They are arivuiged 
thus : 


Cervical portion . 
Thoracic ,, 
Lumbar ,, 

Sacral ,, 


3 ganglia 


12 

4 

4 or 6 




)5 


In the neck the ganglia lie in front of the transverse processes of tho 
vertebra* ; in the thoracic rc'giou in front of the heads of the ribs ; in tho 
lumbar region on the sides of the vertcsbral bodies ; and in the sacral region 
in front of the sacrum. 

Connections with the spinial nerves. —Communications arc establislied 
betAveen tlie sympathetic and spinal nerves through AA'hat are^knoAA’n as the grey 
and white rami ammunicantcn (fig. 790) ; the grey rami conveying sympathetic 
fibre.s into the spinal nerves and the vvliite rami transmitting spinal fibres 
into the symjiathetic. Eachs})inal nerve receives a grey ramus eommunieans 
from tlie gangliated cord of the sympathetic, butAA'liite rami are not supplied 
by all the spinal nerves. The Aihito rami arc derived from the first thoracic 
to tlic first lumbar nerves inclusive, aa'IuIc tho visceral branches AA'hich run from 
the second, third, and fourth sacral nerves directly to the pelvic plexuses of 
the sympathetic belong to this category. Tho fibres which reacli tho 
sympathetic through the Avhite rami communieantes are rnedidlated ; those 
which spring from tlie cells of the sympathetic ganglia are almost entirely 
non-modullatcd. The sympathetic nerves consist of efferent and afferent 
fibres, the origin and course of Aviiicli are described on pages 944, 945. 

• See footnote, p. 011. 

f The ciliary, sphono-palatine, otic, and subiiiaxillary ganglia, already described in connection 
witli the fifth cranial nerve, may be regarded as lielonging to the symjiathetic. 
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Thn three great gangliated plexuses arc situated in front of the s[)ine in 
1 C llioracic, abdominal, and jielvic regions, and arc named, respectively, the 

1‘^ro. 810.—'J’hc right sympathetic chain and its connections witji the thoracic, 
alidominal, and pelvic plexuses. (After Schwalbe.) 

SupiiNnr maj'tflfV'i/ nervi' 



cardiac, the solar or epigastric, and the hypogastric plexuses. They consist of 
collections of nerves and gangha ; the nerves being derived from tlic gangliated 
cords and from the cerebro-spinal nerves. They distribute branches to the 
viscera. 
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Cebvioo-cbphalic Portion of the Gangliatbd Cord (fig. 817) 

The cervico-cephalic portion of oaeh gangliated cord (j)ars cephalica et 
ceivicalis b. eympathici) tionsists of three ganglia, distinguished, according 
to their position, as the superior, middle, and inferior cervical, connected by 
intervening coids. This portion of the sympathetic cord receives no white 
rami communioantcs from the cci’vitsal spinal nerves, its spinal fibres being 
derived from the white rami of the upper thoracic nerves, which enter the 
corresponding thoracic ganglia of the sympathetic, and through these ascend 
into the neck. 

The superior cervical ganglion (ganglion cervicale superius), tlie largest 
of the three, is jilaccd opposite tlie second and tliird cervical vertebrae. It is 
of a reddish-grey colour, and usually fusiform in shape ; sometimes broad and 
flattened, and occasionally constricted at intervals ; it is believed to be formed 
by the coalescence of four ganglia, corresponding to the upjwr foui- cervical 
nerves. It is in relation, in front, with the sheath of the internal carotid 
artery and infernal jugular vein ; behind, it lies on the Recitus capitis anticus 
major muscle. 

• Its branches may be divided into superior, inferior, external, internal, and 
anterior. 

The superior branch (n. caroticus intornus) appears to be a direct 
prolongation of the ganglion. It is soft in texture, and of a reddish colour. 
It ascends by the side of the internal carotid artery, and, rmtering the carotid 
canal in the temporal bone, divides into two branches, which lie one on the 
outer and the other on the inner side of that vessel. 

The outer branch,, tlie larger of the two, distributi's filaments to the internal 
caiotid artery, and forms the carotid plexus. 

The inner branch also distributes filaments to the internal carotid artery, 
and, continuing onwards, forms the CMvernous plexus. 

The carotid plexus (plexus caroticus internus) is siluat<;d on flic outer 
side of the internal carotid artery. Filaments from this jilexus occasionally 
form a small gangliforrn swelling (the carotid ganglion) on the under surface 
of the artery. The carotid 2 )lcxu 8 coramimic.atcs with the Gasserian ganglion, 
the sixth nerve, and the spheno-palatiru^ ganglion ; it distributes filaments 
to the wall of tlie carotid artery, and also communicates with ilacobson's 
nerve (the tymjianic blanch of tlie glosso-iiliaryngeal). 

The conimunieat ing hranclics witli the sixth nerve consist of one or two 
filaments wliieli join that nerve as it lies upon the outer side of tlie internal 
eai'otid. The communication with the s|»heno-i>alatiuc ganglion is effected by 
a branch, the large deep petrosal, given off from the pl<*xus on the outer side of 
the artery: this branch passes through the cartilage filling up the foramen 
lacerum medium, and joins the great su])erficial iictrosaj to form the Vidian 
nerve. Tlie Vidian nerve tlien proceeds tli rough the Vidian canal to thesiiheno- 
palat iiie ganglion. The communication with Jat*obson's nerve is effected by 
two branches, one of which is called the stnall deep petrosal neme, and the other 
till' carotico-tgmpanic ; tin; latter may consist of two or three delicate filaments. 

The cavernous plexus (plexus (aivemosus) is situated below and internal 
to that part of the internal carotid artery which is iilaccd^by the side of the 
sella turcica, in the cavernous sinus, and is formed chiefly by the internal 
division of the a.sccnding branch from the sujierior cervical ganglion. It 
communicates with the third, the fourth, the ojihthalmic division of the fifth, 
and the sixth nerves, and ivith the ciliary ganglion, and distributes filariK'nts 
to the wall of the internal carotid. The branch of communication with the 
third iKM'vti joins that nerve at its point of division ; the branch to the fourth 
nerve joins it as it lies on the outer wall of the cavernous sinus ; other 
filaments are eonneeU*d with the under surface of the trunk of the ophthalmic 
n€*rve ; and a second filament of communication joins the sixth nerve. 

The filaments of lonncction with the ciliary ganglion (radices syinpathieae 
ganglii ciliaris) arise from the anterior part of the cavernous plexus and enter 
the orbit through the sphenoidal fissure ; they may join the nasal branch of 
tlie ophthalmic nerve, or be (iontinued forwards as a separate branch. 

The terminal filaments from the carotid and cavernous plexuses are 
prolonged along the internal carotid, forming plexuses which entwine round 
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the anterior and middle cerebral arteries and the ophthalmic; artery : along the 
former vessels, they may bo traced to the pia mater; along the latter, into 
the orbit, where they accompany each of the branches of the vessel. The 
filaments prolonged oji to tlio anterior eomraunicating artery connect the 
sympathetic nerves of tlie right and left sides. 

The inferior branch communicates witli the middle cervical ganglion. 

* The external branches are communicating, and consist of grey rami 
communicantes to the uj)per four cervical nerves and to cjcrtain of the crania] 
nerves. Sometimes llu; branch to the fourth cervical nerve may come from 
the cord connc(!ting the upper ajid middle cervical ganglia. The branches 
to tlie cranial nerv(;s consist of delicate filaments, which run to the ganglion 
of the trunk of tlie pneumogastric, and to the hyj>oglossal nerve-. A s(;parate 
filament {wrvus juguhiria) j);i«se8 upwards to the base of the skull, and 
subdivides to join the petrous ganglion of the glosso-pharyjigcal, and the 
ganglion of the root of the pjieumogastric in the jugulaj- foramen. 

The internal branches are peripheral, andaiv the phurpigeal branches, and 
the superiar cardiac nerve. The pharyngeal hrawhes (rami laryngopharyngei) 
pass inwards to the side of the ])harynx, wlu'i-e they join with branches from 
the glosso-pharyngeal, pneumogastric, and external laryngeal nerves to form 
the pharyngeal plcxns. 

The superior cardiac, nerve (n. cardiacus supeiior) arises by two or more 
brantihes from tlu; sup(‘rior cervical ganglion, and occasionally receiv«;s a 
filament from the cord of communi(;ation between the fii-st and second c-ervical 
ganglia. It j'uns do>ni the mn-k behind the common carotid artery, lying 
ui)on the Longus colli musede ; and crosses in front, of the inferior thyroid 
artery, and recurrent laryngeal nerve. The course of the nerves on the two 
sides then difiers. 

The right verve, at the root of the neck, jiasscs either in front of or behind 
the subclavian artery, and along the innominate artery to the biu-k part 
of the arch of the aorta, where it joins the deep caniiac ])lexus. It is 
connected with other branches of the sympathetic ; about the middle of the. 
neck it receives filaments from the (‘xlernal laryjigeal nerve ; low<!r dou'ii, 
one or two twigs frotn the imeumogastric ; and as it enters the thorax it is 
joined by a filament from the recurrent laryngeal. Filaments from the nerve 
eommimieate witli tiie thyroid brandies from the middle cervical ganglion. 

The left nerve, in tlu- chest, runs in fiont of the left common carotid artery 
and across the left side of the arch of the aorta, to the siijierficial cardiac 
jilexus. 

The anterior branches ramify upon the external carotid artery and its 
branches, forming round each a delicate plexus, on the nerves composing 
which small ganglia are occasionally found. The plexuses iUK'ninjianying 
some of these arteries have important communications with other nerves. 
That surrounding the facial artery communicate* with the submaxillary 
ganglion by a filament; and that accompanying the middle meningeal artery 
sends an offset to the otic ganglion, and a second, the external superficial 
petrosal nerve, to the geniculate ganglion of the facial nerve. i* 

The middle cervical ganglion (ganglion cervicale medium) is the smallest 
of the three cervical ganglia, and is occasionally altogethjer wanting. 
placed opposite the sixth ccuwical vertebra, usually upon, or close to, t^ ? 
inferior thyroid artery. It is probably formed by the coalescence of 
ganglia corresponding to the fifth and sixth cervical nerves. 

It is joined by grey rami communicantes to the fifth and sixth cervical 
nerves. 

It gives f)ff the thyroid and the middle cardiac nerves. 

The thyroid Irrarecheji are small filaments, which accompany the inferior 
thyroid artery to the thyroid gland ; they communicate, on the artery, with 
the superior cardiac nerve, and, in the gland, with branches from the recurrent 
and external laryngeal nerves. 

The middle cardiac nerve (n. cardiacus medius), the largest of the three 
cardiac nerves, arises from the middle cervical ganglion, or from the cord 
.l^tw'een the middle and inferior ganglia. On the right side it descends behind 
the comfnon carotid artery, and at the root of the neck runs either in front 
of or behind the subclavian artery ; it then descends on the trachea, receives 
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a few filaments from the recurrent laryngeal nerve, and joins the right half of 
the deep cardiac plexus. In the neck, it communicates with the superior 
cardiac and recurrent laryngeal nerves. On the left side, the middle cardiac 
nerve enters the chest between the left carotid and subclavian arteries, and 
joins the left half of the deep cardiac plexus. 

The inferior cervical ganglion (ganglion corvicale inferius) is situated 
between the base of the transverse process of the last cervical vertebra and 
the neck of tlie first rib, on the inner side of the superior inbu’iiostal artery. 
Its form is irroguljir ; it is larger in size than tlie preceding, and is frequently 
.joined with the first thoracic gfinglion. It is jjrobably formed by the 
coalescence of two ganglia Avliich correspond to the last two cervical nerves. 
It is connected to the middle cervical ganglion by two or more cords, one of 
whieli forms a loop around the subclavian artery and sui)plies offsets to it. 
This loop is nam(5d the ansa Vif.unscnii. 

The ganglion is joined to the seventh and eighth cervical nerves by grey 
rami communicantes. 

It gives off the inferior cardiac nerve, and offsets to blood-vessels. * 

The inferior curdinc nerve (n. cardiacus inferior) arises from the inferior 
cervical or first tlioraeui ganglion. It piisses down behind tlie subclavian 
arteiy and along tlie front of the trachea, t< join the deep cardiac plexus. It 
communicates freely behind the subclavian artery with the recurrent laryngeal 
and middle cardiac! nerves. 

'Fhe ojjftels to bhml-veftsela accompany the vertebral artery, and form a 
plexus around it; this ])l(!xus supplies filaments to the vessel, and is continued 
U]) the vei’tebral and basilar to the cw'ebral and cerebellar arteries. 


Thouacic Portion oif the Oangliated Cord (figs. 816, 818) 


The thoracic portion of the garigliated cord (pars thoracalis s. sympathici) 
consists of a series of ganglia, which usually correspond in number to that 
of tlie vertebra*; but, from the occasional eoalesecnce of two, their number 
is uncertain. I’he ganglia (ganglia thoracalia) aRi jilaced on either side of the 
vertebral column, resting against the heads of the ribs, and covcired by the 
pleura costalis ; tlie last two, however, are more anterior than the rest, being 
placed on the sides of tlu! bodi<*s of the eleventh and twelfth tlioracic vertebra?. 
The ganglia are small in si/.t;, and of a greyish colour. The first, larger than 
the others, is of an elongated form, and frequently blended with the last 
cervical. They ai’e connected together by the intervening portions of the 
cord. 


Two rami communicantes, one white and the other grey, connect each 
ganglion with its eoiTes])onding spinal nerve. 

The branches from, the. upper five ganglia are very small; tney supply fila¬ 
ments to the thoracic aorta and its branches, and to the bodies of the vertebra? 


and their ligaments. Branches from the second, third, and fourth ganglia 
^.enter the posterior pulmonary plexus. 

H The branches from the lower seven ganglia are large, and w'hitc in colour; 
i?,^ey distribute filaments to the aorta, and mtite to form the three splanchnic 
^Drves. These are named the great, tlie lesser, and the least splanchnic. 

The great splanchnic nerve (n. splanchnieus major) is white in colour, firm 
texture, and is formed by branches from the. fifth to the ninth or tenth 
woracic ganglia; but the fibres in the higher roots may be traced upwards 
in the sympathetic cord as far as the first or second thoracic ganglion. These 
roots unite to form a cord of considerable size. It descends obliquely inwards 
in front of the bodies of the vertebrae along the posterior mediastinum, 
perforatestheerusof the Diaphragm, and terminates in the semilunar ganglion 
of the solar plexus, distributing filaments to the renal and suprarenal plexuses. 
A ganglion (the ganglion splanchnicum) exists on this nerve opposite the 
eleventh or twelfth thoracic vertebra. 


The lesser splanchnic nerve (n. splanchnieus minor) is formed by filaments 
from the ninth and tenth, and sometimes the eleventh ganglia, and from the 
cord between them. It pierces the Diaphragm with the preceding nerve, and 
joins the aortico-renal ganglion of the solar plexus. It communicates in the 
chest with the great splanchnic nerve, and ends in the solar plexus. 


3s 
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The least sjAanchnic nerve (n. splanchnicus imus) arises from the last 
thoracic ganglion, and, piercing the Diaphragm, terminates in the renal plexus. 
It occasionally communicates with the preceding nerve. 

A striking analogy exists between the splanchnic and the cardiac nerves. 
The cardiac nerves are three in number; they arise from all three cervical 


Fia. 818.—Thoracic j)ortion of the gangliatcd cord. Right side. 



ganglia, and arc distributed to a large and important organ in the thoracic 
cavity. The splanchnic nerves, also three in number, are connected probably 
with all the thoracic ganglia, and are distributed to important organs in the 
abdominal cavity. 

Lumbar Portion of the Gangliated Cord (fig. 819) 

The lumbar portion of the gangliated cord (pars abdominalis s. sympathici) 
is situated in front of the vertebral column, along the inner margin of the Psoas 
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magnus. It consists usually of four ganglia (ganglia lumbalia), connect^ 
together by interganglionic cords. It is continuous above with the thoracic 
portion beneath the internal arcuate ligament of the Diaphragm, and below 


Fia. 819.—^Lumbar portion of the gangliated oord, with the solar and hypogaatrio 

plexuses. (After Henle.) 
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with the sacral portion behind the common iliac artery. The ganglia are of 
small size, and placed much nearer the median line than are the thoracic 
ganglia. 

Grey rami communicantes connect all the ganglia with the lumbar spinal 
nerves. There may be tw'o from each ganglion, but the arrangement is not 
so uniform as in other regions. The first and second, and sometimes the third, 
lumbar nerves send w'hite rami eoinnninicantes to the upper two or three 
ganglia. From the situation of the lumbar ganglia, these branches are longer 
than in the other regions. They accom]>any the lumbar arteries around the 
sides of the bodies of the vcrt('bra', passitig beneath the fibrous ai-ehes from 
which some of the fibres of the Psoas arise. 

Of the branches of distribnfion, some pass inwards, in front of the aorta, 
and help to form the aortic plexus. Other branclu'S descend in front of the 
common iliac arteries, and, joining ovesr the promontory of the satrrum, assist 
in forming the hypogastric plexus. Numerous delicate filaments are also 
distributed to the bodies of the vertebra;, and th<' Iigam<;nts connecting them. 

Pelvic Poution oe the Oanoliatkd Cokd 

The pelvic portion of the gangliated cord (y)ars pelvina s. sympathici) is 
situated in front of the saenim, along the inner side of the anterior sacral 
foramina. It consists of four or five small ganglia (ganglia sacu-alia) on either 
side, connected together by interganglionic cords, and continuous above with 
the lumbar ]>ortion. Below, ‘these cords converge and unite on the front of 
the coccyx, by means of a small ganglion, the ganglion impar. 

Grey rami communicantes pass from the ganglia to the sacral and coccygeal 
nerves. No white rami communicantes join this part of (he gangliated cord, 
but the visceral branches which aiisi; from tlu* third and fourth, and some¬ 
times from the second, siu:ral are regarded as homologous with white rami 
communicantes. 

I’ho brajiches of distribution communicate on the front, of the sacrum with 
the coiTcsponding branches from the opywsite side ; some, from the first two 
ganglia, pass to join the pelvic plexus, and others form a plexus, which accom¬ 
panies the middle sacral artery and sends filaments to the coccygeal body. 

THE GREAT PLEXUSES OF THE SYMPATHETIC 

Tho great plexuses of the sympathetic are the large aggregations of norv(;s 
and ganglia, above alluded to, situated in the thoracic, abdominal, and pelvic 
cavities, and named tlu; cardiac, solar, and hypogastric plexuses. They consist 
not only of sympathetic fibres derived from the ganglia, but of fibres from 
the central nervous system, w'hich are conveyed through the white rami 
communicantes. From the plexuses branches are given to the thoracic, 
abdominal, and pelvic viscera. 

Caudiac Plexus (figs. 816, 817) 

The cardiac plexus (plexus t'ardiacus) is situated at tho base of the heart, 
and is divided into a mperjicial part, which lies in the concavity of the arch 
of the aorta, and a deep part, which lies between the trachea and aorta. The 
tw'o plexuses are, however, closely connected. 

The superficial cardiac plexus lies beneath the arch of tho aorta, in front 
of the right pulmonary artery. It is formed by the superior cardiac branch 
of the left" sympathetic and the inferior cervical cardiac branch of the left 
vagus. A small ganglion, the ganglion of Wrisberg (g. cardiacum [Wrisber^J), 
is occasionally found connected wdth theije nerves at their point of junction. 
This ganglion, when present, is situated immediately beneath tho arch of the 
aorta, on the right side of tho ductus arteriosus. The superficial cardiac plexus 
gives branches (o) to the deep cardiac plexus beneath the arch of the aorta ; 
(b) to the right or anterior coronary plexus ; and (c) to the left anterior 
pulmonary plexus. 

The deep cardiac plexus is situated in front of the trachea at its bifurca¬ 
tion, above the point of division of the pulmonary artery, and behind the arch 
of the aorta. It is formed by the cardiac nerves derived from the cervical 
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ganglia of the Bympathetic, and the cardiac branches of the recurrent laryngeal 

cardiM nerves which do not enter into the formation 
®'*’f the superior cardiac branch of the left sympathetic, and 
tlH< inferior cervical carcuac branch from the left vagus, which pass to the 
superficial plexus. 

plexus jiasB, some in front of, and 
others behind, the right pulmonary artery; the former, the more numerous, 
transmit a few filaments to the anterior pulmonary plexus, and are then 
continued onwards to form part of the right coronary plexus; those behind 
the pulmonary artery distribute a few filaments to the right auricle, and are 
then continued onwards to form part of the left coronary plexus. 

The le/t side of the plexus is connected witli the superficial cardiac plexus, 
and gives filaments to the left auricle of the heart, and to the anterior 
pulmonary plexus, and is then continued to form tlie greater part of the left 
coronary plexus. 

The left coronary plexus (jilcxus coronarius posterior) is larger than the 
right, and accomf)anies the left coronary artery ; it is (ihiefiy formed by 
filaments })rolonged from tlui left side of the deep (sardiac plexus, and by a 
few from tlie right side. It gives branches to tlie left auricle and ventricle*. 

Tlie right coronary plexus (plexus oo^'oriarius anterior) is formed partly 
from the superficial and partly from the deep cardiac plexus. It accompanies 
the right coronary artery, and gives branches to the right auricle and ventricle. 

EproASTRic ou Solar Plkxus (figs. 819, 820) 

The epigastric (»r solar plexus supplies the viscera in the abdominal 
cavity. It consists of a great network of nerves and ganglia situated behind 
tlie stomaeli and lesser .sac of the peritoneum, and in front of the aorta and 
crura of the Diapliragm. It surrounds tlus cceliac! axis and root of the superior 
mesenteric artery, extending downwards as low as the pancreas, and outwards 
to the suprarenal glands. This plexus, and the ganglia e-onnected with it, 
receive the great and small splanclmic nerves of both sides, and some filaments 
from the right vagus. It distributes filaments, which accomjiany, under the 
name of plexuses, all (lie branches from the fronl. of the abdominal aoria. 

Of the ganglia of whitsh the solar plexus is partly composed the principal 
are the two semilunar ganglia (ganglia (neliaca), which are situated one on 
either side of the plexus, and are the largest peripheral ganglia in the body 
They are large irr«'!gular gangliform masses, formed by the aggregation of smaller 
ganglia, having interspaces bet wtfon them. The_^ are situated in front of the 
crui'a of tlie Jliapliragrn, cilose to the suprarenal glands, that on the right 
side lying behind the inffuior vena cava. The. upper part of each ganglion 
i‘> joined by tiie great splanclmic nerve, and to the inner side of each the 
bi'anchcK of the solar plexus are connected. The lower portion of eacdi semi¬ 
lunar ganglion is segmented off, and is named tlie aortieo-rcnal ganglion. This 
receives the lesser splaiielinie nerve, and gives off the greater part of the renal 
plexus. 

From the epigastric or solar plexus ai-e derived the following : 

Phrenic or Diaphragmatio plexus. /Gastric plexus. 

Suiiraronal plexus. Cceliac plexus ^ Hepatic plexus. 

Renal plexus. 1 Splenic plexus. 

Spermatic plexus. Superior mesenteric plexus. 

Aortic plexus. 

The phrenic plexus (plexus phrenieus) accompanies the inferior phrenic 
artery to the Diaphragm, some filaments passing to the suprarenal gland. 
It arises from the uppe.r part of the semilunar ganglion, and is larger on the 
right than on tlic left side. It receives one or 1,wo branches from the phrenic 
nerve. At the point of junction of the right phrenic plexus with the phrenic 
nerve is a small ganglion {ganglion phrenicum). This ganglion distributes 
benches to the inferior vena cava, the suprarenal gland, and the hepatic plexus. 
There is no ganglion on the left side. 

The suprarenal plexus (plexus supraronalis) is formed by branches from 
the solar plexus, from the semilunar ganglion, and from the phrenic and great 
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splanobnic nerves, a gangUon beii^ formed at the point of junction wiik the 
latter nerve. The plexus supplies the snprarenal gland, being distribute 
chiefly to its medulla^ portion; its branches are remarkabte for their large 
size in comparison* with tWt of the organ they supply. 

The renal plexus (plexus ronalis) is formed by filaments from the solar 
plexus, the lower part of the semilunar ganglion (aortico-renal ganglion), 
and the aortic plexus. It is joined also by the smallest eplanclinic nerve. 
The nerves from these sources, fifteen or twenty in number, have numerous 
ganglia developed upon them. They accompany the branches of the renal 


Fio. 820.—^The semilunar ganglia with the sympathetic plexuses of the abdominal 
viscera radiating from tin ganglia. (From Toldt’a ‘ Atlas,’ published by Messrs. 
Bebman, Ltd., London.) 
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artery into the kidney ; some filaments are distributed to the spermatic plexus 
and, on the right side, to the inferior vena cava. 

The spermatic plexus (plexus spermaticus) is derived from the renal plexus, 
receiving branches from the aortic plexus. It accompanies the spermatic 
vessels to the testis. 


Applied Anatomy .—The intimate connection which exists between the renal and 
spermatic plexuses serves to explain the very frequent symptom in renal calculus, of pain 
which is referred to the body of the testicle. 
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In the female, the ovarian plexus (plexus ovarious) ai^ises like the spermitio 
plexus, and is distributed to the ovary, tmd fundus of the utc^. 

The coeliac plexus (plexus coeliaous), of large size, is a direct oontmuation 
from the solar plexus : it surrounds the coeliac axis, and subdivides into the 
gastric, hepatic, and splenic plexuses. It receives branches from the lesser 
splanchnic nerves, and, on the left side, a filament from the right vagus. 

Tile gastric or jXToiuiry plexus (plexus gastricus superior) accompanies the 
gastric artery along the lesser curvature of the stomach, and joins with branches 
from the left vagus. 

The hepatic pltxua (plexus hepaticus), the largest offset from the coeliac 
plexus, receives filaments from the left vagus and right phi-enic nerves. It 
accompanies the hepatic artery, ramifying upon its branches, and upon those 
of the portal vein in the substance of the liver. 

Branches from this plexus accompany all the divisions of the hepatic 
artery. Thus there is a pyloric plexus on rhe pyloric branch of the hepatic, 
vhich joins with the gastric plexus and vaj i ncrvi^s. Tlierc is also a gastro¬ 
duodenal plexus, subdividing into tlie puncreatico-duodcnal plexus, which 
Hccotnpunies the superior pancreatico-duodenal artery, to sujijrly the pancreas 
and duodenum, ruid joins witli bi’anclies from the mesenteric plexus ; and the 
gusiro-epiploic plexus, which aceoiniianics the right gasti'o-epiploic urteiy 
along the greater curvature of the stomach, and unites witli branches from the 
splenic plexus. A cystic iile.ru,>(, which su})plics the gall-bladder, also arises 
fr-om the hepatic plexus, near the liver. 

The splenic plexus (plexus lienalis) is fonued by bi’anchcs from the co'liac 
])lexus, the left semilunar gaiigha, and from the right vagus nerve. It accom- 
jianies tlu* splenic artery and its branches to the substance of the sph'cn, giving 
off, in its course, lilamcnts to tire jiancrcas (pancreatic plexus), and*the left 
gasteo-epiploic plexus, which accompanies the left gastro-epifiloic artery along 
the greater curvature of the stomach. 

Tlio superior mesenteric plexus (iih'xus mescntericus superior) is a 
continuation of the lower part of the solar jilexus, receiving a branch from the 
junction of the right vagus' ncuve with the ea*hae ])lexus. It surrounds tlie 
superior mesenteric artery, accompanies it into tlie mesenteiy, and divides into 
a number of secondary plexuses, which aie distributed to all the jiaits suppliid 
by the aitciy, viz. pancreatic branches to tlie pancreas; inti'stinal brandies 
to the small mti'stiue ; and ileo-eolic, right colie, and middli' colic branclms, 
which supply the corresponding parts of the great intestine. The neive- 
composing this plexus ai<‘ white in colour and firm in ti'xtuic ; in the ujiper 
part of the jilexus close to tlie origin of the superior im*senteric artery is a 
ganglion (ganglion mese uferievm superius). 

The aortic plexus (plexus aortieus abdominalis) is formed by branches 
derived, on either side, from the solar plexus and the semilunar ganglia, and 
receives filaments from some of the lumbar ganglia. It is situated upon the 
sides and front of tlic aorta, between the oiigins of the supeiior and inferior 
mesenteric arteries. I’rorn this ph'xus arise pail of the spermatie, the inferior 
mesenteric, and the hyjiogastrie iilexuses ; it also distributes filaments to 
the inferior vena cava. 

The inferior mesenteric plexus (plexus mesontericus inferior) is derived 
chiefly from the left sidi* of the aortic })l<‘xiis. It sutTounds the inferior mesen¬ 
teric artery, and divides into a numher of seeondaiy plexusc's, which arc 
distributed to all the jiarts supplied by the arteiy, viz. the lejt cedic and sigmoid 
plexuses, which supjiJy tlie deseeiiding and ilio-pelvic parts of the colon ; and 
tlie superior hexmorrhoidetl plexus (jilexus liaunorrhoidalis HU])erior) which 
supplies the rectum and joins in the pelvis with branches from the pelvic 
plexuses. 

IIypogastkjc Plexus (fig. 816 ) 

The hypogastric plexus (plexus hypogastricus) is situated in front of tlie 
promontory of the sacrum, betw'eim the two common iliac arteries, and is 
formed by the union of numerous filaments, whieli descend on either side from 
the aortic plexus, and from the lumbar ganglia. This plexus contains no 
evident ganglia ; it bifurcates, below, into two lateral portions which form the 
pelvic 2 >lexuses. 
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Pelvic Plexuses (fig. 816) 

The pelvic plexuses supply tlio viscera of the pelvic cavit y, and are situated 
at the sides of the rectum in the male, and at the sides of the rectum and vagina 
in the female. They are formed on either side by a continuation of the 
hypogastric plexus, by the visceral branches from tlie second, third, and 
fourth sacral nerves, and by a few filaments from the first two sacral ganglia. 
At the points of junction of these nerves small ganglia are found. From these 
plexuses numerous branches arc distributed to the viscera of the pelvis. They 
accompany the branches of the mtcmal iliac artery. 

The middle haemorrhoidal plexus (plexus hamiorrhoidalis medius) arises 
from the upper part of the pelvic plexus. It supphes the rectum, and joins 
w'ith bramihes of the supt^rior iia?morrhoidal plexus. 

The vesical plexus (plexus vesicalis) arises from the fore-part of the pelvic 
plexus. The nerves composing it arc numerous, and contain a large pro¬ 
portion of spinal nerve-fibres. They accompany th(^ vesical arteries, and are 
distributed to the side and base of the bladder. Numerous filaments also 
pass to the vesicula seminalis and vas deferens ; those accompanying the 
vas d«'fcrens join, on the sjH'rmatic cord, with branches from the spermatic 
plexus. 

The prostatic plexus (plexus prostatious) is continued from the lower part 
of the pelvic plexus. The nerves (iomposing it are of large size. They are 
distributi'xl to the prostate gland, vesicula? seminales, and crectih* structure 
of the penis. The nerves supplying the erectile structure of the penis consist 
of two«set8, tlio small and large cavernous nerves, which arise from the fore¬ 
part of the prostatie plexus, and, after joining with branches from the internal 
pudic nerve, pass forwards beneath the imbic arch. 

The small cavernous nerves (nn. cavernosi penis jrunores) perforate the 
fibrous covering of the penis, near its root. 

The large cavernous nerve (n. cavernosus penis major) passes foiwards along 
the dorsum of the penis, joins with the dorsal ni'rve of the penis, and is 
distributed to the corpora cavernosa and coi fius spongiosum. 

The vaginal plexus (plexus vaginalis) arises from the lowei- i^art of tlio 
pelvic plexus. It is distributed to the walls of the vagina, to the erectile tissue 
of the vestibule, and to the clitoris. The nerves composing this plexus contain, 
like the vesical, a large proportion of spinal nerve-fibres. 

The uterine plexus (plexus uterinus) accompanies the uterine artery to the 
side of the uterus, between the layers of the broad ligament; it communicates 
w'ith the ovarian plexus. 

Applied AnaUmg. —f.,ittlc is known as to the connection between the nnmerons micro¬ 
scopical alterations (pigmentation, atrojihy, haemorrhage, fibrosis) that have been described 
in the sympathetic nervous system, and the functional changes that ensue therefrom. 
Grosser lesions due to stabs, bullet-wounds, or the pressure of new growths, may cause 
either irritative or paralytic symiitoms. In paralysis of the cervical sympathetic on one 
side, the pupil is small and does not dilate when shaded or on the instillation of cocaine, 
although it contracts still further when brightly illuminated ; it also loses the cilio-sjnnal 
reflex, failing to dilate when the skin of the neck is {linehed. The palpebral fissure narrows 
from paralysis of the involuntary mrfsclc of the eyelid, and the eyeball sinks backwards 
into the orbit—enophthalmus—either from paralysis of Muller’s orbital muscle which 
closes the spheno maxillary fissure, or from wasting of the intra-orbital fat. The super¬ 
ficial vessels of the face and scalp arc at first dilatocl, but later they contract. Anidrosis, 
or absence of sweating, is often noted on the affected side. Irriiaiion of the cervical 
sympathetic produces signs mainly the converse of those described above. We have no 
definite knowledge of the signs and symptoms that follow lesions of the thoracic or 
abdominal s^unpathetic systems. It is likely, however, that a number of nervous disorders 
characterised by persistent vascular disturlmnces, such as dilatation of the vessels with 
throbbing, flushing, sweating, and localised cedema, or contraction of the vessels with 
pallor, chilliness, pain, and malnutrition of the affected parts, are due to implication of 
the sympathetic nervous system. It is possible, too, that the rare condition of progressive 
facial hemiatrophy, coming on between the ages of ton and twenty, and pr^ucing 
marked unilateral shrinkage of all the tissues of the face, is primarily an affection of the 
sympathetic. 
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ri^HE orpans of ihe senses (organa sensuum) are five in number : viz. those 
1 of Touch, of Taste, of Smell, of Sight, and of Hearing. The skin, which 
is the principal s(«it of tlie s(mse of touch, has been described in the section 
on Histology. The remaining four an; the organs of special sense*. 


ORGANS OF 'J ASTE 


The peripheral organs of the sense of ta.'^c consist of certain flask-shaped 
groups of modified (ipithelial cells termed iuste-buds, which are found on the 
tongue and adjacent parts. 

They occupy nests in the Pio. 821.—Section of jiart of the papilla foliata 
stratified epithelium, and of a rabbit. (Magnified.) 


They occupy nests in the 
stratified (*pithelium, and 
are present in large numbers 
on the sid(*.s of the circum- 
vallatc papilla* (fig. 821), and 
to a less extent on their 
opposed vi alls. They are also 
found on the fungiform 
papilla* over the back part 
and sides of the tongue, and 
in the general epithelial 
covering of the same areas. 
They are very plentiful over 
the fimbriae lingua*, and are 
also present on the under 
aspect of the soft palate, and 
on the posterior surface of 
the epiglottis. 

Structure. —Each taste- 
bud is flask-like in shape 
(fig. 822), its broad base 
resting on the corium, and 


PapillcB 



its neck opening by an orifice, the 
Fig. 822.—Taste-bud, highly magnified. gustatory pore, between tin; cells 

„ , , , of the epithelium. The bud is 

Jg!istaf^7mir^‘ formed by two kinds of cells: 

supporting cells and gustatory 
cells. The supporting cells are 
mostly arranged like the staves 
of a cask, and form an outer 
envelope for the bud. Some, 
however, are found in the interior 
of the bud between the gustatory 
cells. The gustatory cells occupy 
the central portion of the bud; 
they are si)indle-shaped, and eacdi 
possesses a large spherical nucleus 
near the middle of the cell. The 
peripheral end of the cell termi¬ 
nates at the gustatory pore in a fine hair-like filament, the gustatory fiair. The 
central process passes towards the deep extremity of the bud, and there ends 
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in a single or bifurcated varicose filament, which was formerly supposed to be 
continuous with the terminal fibril of a nerve ; the investigations of Lenhoas6k 
and others ■would seem to prove, however, that this is not so, but that the 
nerve-fibrils after losing their medullary sheaths enter the taste-bud, and 
terminate in fine extremities between the gustatory cells. Othpr nerve-fibrils 
may be seen ramifying bet'ween the supporting cells and terminating in fine 
extremities; these, however, are believed to be nerves of ordinary sensation 
and not gustatory. 

Nerves of taste .—The chorda tympani nerve, derived from the sensory root of the 
facial, is generally regarded as the nerve of laste for the anterior two-thirds of the tongue ; 
the nerve for the posterior third is the glosso-pharyngeal. 


THE NOSE 

The nose is the peripheral organ of the sense of smell: by means of the 
peculiar properties of its nerves, it pi-otects the lungs from the inhalation of 
deleterious gases, and assists tlie organ of taste in discriminating the properties 
of food. 

The organ of smell consists of two parts : an external, the ovier nose, 
which jirojects from the centre of the face ; and an internal, the cavum nasi, 
which is divided by a septum into right and left nasal fossm. 

The outer nose (nasus extemus) is pyramidal in form, and its upper angle 
or root is connected Erectly with the forehead. Its base is perforated by two 
elliptical orifices, the nares, separated from each otlicr by an antero-postorior 


Fig. 82.3.—Cartilages of the nose. 
Side view. 


Fig. 824.—Cartilages of the nose, 
seen from below. 




Lower lateral cariilafje 


SeaavuM cartilages 


seiitum, the columna. The margins of the 
nares are provided with a number of stiff hairs, 
or vibrissce, ■which arrest the passage of foreign 
substances carried with the current of air in¬ 
tended for respiration. The lateral surfaces of 
the nose form, by their union in the middle 
line, the dorsum nasi, the direction of which 
varies considerably in diflerent individuals; 
the upper part of the dorsum is supported by 
the nasal bones, and is named the bridge. The lateral surface terminates below 
in a rounded eminence, the ala nasi. 

The nose is composed of a framework of bones and cartilages, the latter 
being slightly acted upon by certain muscles. It is covered by the integument, 
lined by mucous membrane, and supplied with vessels and nerves. 

The btmy framework occupies the upper jjart of tlie organ; it consists of 
the nasal bones, and the frontal processes of the maxillae. 

The cartilaginous framework consists of five pieces, the two upper and the 
two lower lateral cartilages, and the cartilage of the septum (figs. 823, 824, 826). 

The upper lateral cartilage (cartilage nasi lateralis) is situated below the 
free margin of the nasal bone, and is flattened, and triangular in shape. Its 
anterior margin is thicker than the posterior, and is continuous above with the 
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cartilage of the septum, but separated from it below by a narrow fissure. Its 
posterior margin is attached to the nasal bone and the frontal process of the 
maxilla. Its inferior margin is connected by fibrous tissue with the lower 
lateral cartilage; one surface is turned outwards, the other inwards towards 
the nasal cavity. 

The lower lateral cartilage (cartilago alaris major) is a thin, fiexible plate, 
situated immediately below the preceding, bent upon itself in such a manner 
as to form the inner and outer walls of the naris of its own side. The portion 
which forms the inner wall {crus mediale) is thicker than the rest, and loosely 
connected with the corresponding portion of the opposite cartilage, to form 
a part of <ho columna ; the opposed inferior borders form, with the tliickenod 
integument and subjacent tissue, the septum mobile nasi. The part which 
forms the outer wall (eras laterale) is curved to correspond with the ala of the 
nose ; it is oval and flattened, narrow behind, where it is connected with the 
frontal process of the maxilla by 
a tough fibrous membrane, in 
which are found three or four 
small cartilaginous plates, the 
cartilagines alares minores. Above, 
it is connected by fibrous tissue 
to the upper l,n.t(!ral cartilage and 
front jiart of the (iartilage of the 
septum ; below, it falls short of 
the margin of the nostril, the ala 
being completed by fatty and 
fibrous tissue covered by skin. In 
front', the lower lateral cartilages 
ai’e separated by a notch which 
corrcsjjonds with the jjoint of the 
nose. 

The cartilage of the septum 
(cartilago septi nasi) is somewhat 
quadrilateral in form, tliiiiker at 
its margins than at its centre, and 
completes the separation between 
the nasal fossai in front. Its 
anterior margin, thiekest abov'^e, is connected with the nasal bones, and is 
continuous with the anterior margins of the two upjMjr lateral cartilages ; 
below, it is connected to the inner portions of the lower lateral cartilages by 
fibrous tissue. Its posterior margin is connected with the perpendicular 
plat(! of the ctlimoid ; its inferior margin witli the vomer and the palatal 
j)!..cesses of the maxillae. 

It may be prolonged backwards (especially in children) for some distance 
between the vomer and perpendicular plate of the ethmoid, forming what is 
termed the processus sphenoidalis. The septal cartilage does not reach as 
far as the lowest part of the nasal septum. This is formed by the inner 
portions of the lower lateral cartilages and by the skin ; it is freely movable, 
and lienee is termed the septum mobile nasi. 

The various carlilages are connected to each other, and to the bones, by a 
tough fibrous membrane, which allows the utmost' facility of movement between 
them. 

The m.uscles of the nose have been described on pages 4(i3, 464. 

The integument covering the dorsum and aides of tlio nose is thin, and loosely connected 
with the subjacent parts ; but where it forms the tip and the alas of the nose it is thickei' 
and more firmly adherent, and is furnished with a large number of sebaceous follicles, tJie 
orifices of which are usually very distinct. 

The arteries of the outer nose are the lateralis nasi from the facial, and the inferior 
artery of the septum from the superior coronary, which supply the alse and septum; 
the sidfts and dorsum being supplied from the nasal branch of the ophthalmic and the 
infra-orbital branch of the internal maxillary. The veins terminate in the facial and 
ophthalmic. 

The nerves for the muscles of the nose are derived from the facial, while the skin receii^ 
branch^! from the infra-tiochlear and nasal branches of the ophthalmic, and from the 
infra-orbital. 


Fiw. 826.—Bones and cartilages of sejitum of 
nose. Right side. 




1004 ORGANS OF SPECIAL SENSE 

Nasal fossse. —The nasal fossae are two irregular cavities situated one on 
either side of the mesial plane. They open in front througii the nares, and 
communicate behind through the choanai witti the naso-pharynx. The narea 
are somewhat pear-shaped apertures, each measuring about one inch antero- 
poateriorly and half an inch transversely at its widest part. The choaim are 
two oval openings which are smaller in the living or recent subject than in 
the skeleton, because they are narrowed by the mucous membrane. Each 
measures an inch in the vertical, and half an inch in the transverse direction 
in a well-developed adult skull. 

For the description of the bony boundaries of the nasal fossae, see page 275. 

Inside the aperture of the nostril is a slight dilatation, the vestibide 
(vestibulum nasi), bounded externally by the ala and outer plate of the lower 
lateral cartilage, and internally by the mesial plate of the same cartilage. 
It is lined by skin, and contains liairs and sebaceous glands, and extends as 
a small pouch, the ventricle, towards the point of the nose. The fossa, above 


Fia. 820.—Outer wall of nasal fossa. 



Orifice of Bimtachian tube 2<'oiisa of 

lioseniniiller 


and behind the vestibule, is divided into two parts: an olfactory portion (regio 
olfactoria), consisting of the superior turbinated process and the opposed part 
of the septum, and a respiratory portion (regio respiratoria), which comprises 
the rest of the fossa. 

Outer UHill (figs. 826, 827).—The sphenoidal air-sinus opens into the recessus 
spheno-eth'moidalis, a narrow recess above the superior turbinated process. 
The posterior ethmoidal cells open into the front and upper part of the 
superior meatus. On raising or cutting away the middle turbinattni bone the 
outer w'all of the middle meatus is fully exposed, and presents (1) a rounded 
elevation, the hvlla. ethmoidalis, opening on or immediately above which are 
the orifices of the middle ethmoidal cells ; (2) a deep, narrow, ctirved groove, 
in front of the bulla ethmoidalis, termed the hiatus semilunaris, into the lower 
part of which the antrum of Highmore opens, the orifice being placed near the 
roof of the antrum. The middle meatus is prolonged, above and in front, into 
the infundibulum ; this leads into the frontal sinus, and into it the anterior 
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ethmoidal colls open. The anterior extremity of the meatus is continued into 
a depressed area, lying above the vestibule and naini'd the atrium meatus 
mcdii. The nasal duct opens into the anterior part of the inferior meatus, 
the opening being overlapped sometimes by a fold of mucous membrane. 

Inner umU (fig. 825).—^The inner wall or .septum is frequently more or less 
deflected from the me.sial plane, t hus lessoning the size of one fossa and mcrcasing 
that of the other. Ridg<5S or spurs of bone growing outwards from the septum 
are also sometimes present. Immediately over the incisive foramen at the lower 
edge of the cartilage of the septum a depression, the naso-palatine rere^s, may 
be seen. In the septum close to this recess a minute orifice may be discerned : 
it leads backwards into a blind pouch, the rudimentary organ of Jacobson 
(organon vomeronasale), which is supported by a strij) of cartilage, the cartilage 
of Jacobson (eartilago vomeronasalis). This organ is well-developed in many 
of the lower animals, where it apparently plays a part in the sense of smell, 


Fkj. 827.—Outer wull of niusal fossa ; the turhinated processes of the ethmoid and 
tlic inferior turlunated bone have been removed. 
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since it is supplied by twigs of the olfactory nerve and lined by epithelium 
similar to that which linos the olfactory region of the nose. 

The mucous membrane, lining the nasal fossm is sometimes called the 
Schneiderian membrane, from Schneider,* who first showed that the nasal 
secretion proceeded from the mucous membrane, and not, as was formerly 
imagined, from the brain. It is intimately adherent to the periosteum or 
perichondrium over which it lies. It is continuous with the skin through the 
anterior nares, and with the mucous membrane of the naso-pharynx through 
the posterior nares. From' the nasal fossas its continuity with the conjunctiva 
may be traced, through the nasal duct and laclurymal canals; and 'W’ith the 
frontal, ethmoidal, and sphenoidal sinuses, and the antrum of Highmoie, 
through the several openings in the meatuses. The mucous membrane is 
thickest, and most vascular, over the turbinated bones and processes. It is 

* Conrad Victor Schneider, l(iI4-1680, Professor of Anatomy at Wittembci^. 
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also thick over the septum ; but it is very thin in the meatuses and on the 
floor of the nasal fossae. Where it lines the various sinuses it is thin and pale. 



Ou'injf to tile great thickness of this membrane, tlic nasal fossae are much 
narrower, and the middle turbinated process and inferior turbinated bone 
appear largcsr and more prominent than in the skeleton. From the same 
oircumstance, also, the various apertures communicating Avith the meatuses 
are considerably narrowed. 


I’to. 820 .— Section of the olfactory mucous membrane. (Csdiat.) 



a. Bpitiichimi. b, Ulimfls of Bowman, e. Nmo-bnndle'. 


Strv^vre of the mucons membrane (fig. 829).—The epithelium covering the 
mueous membrane differs in its charaeter accoi^ing to the functions of the part 
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of the nose in which it is found. In the respiratory region it is columnar and 
ciliated. Interspersed among the columnar cells are goblet or mucin cells, while 
between their bases are found smaller pyramidal cells. Beneath the epitlielium 
and its basement membrane is a fibrous layer infiltrated with lymph-corpuscles, 
so as to form in many parts a diffuse adenoid tissue, and under this a nearly 
continuous layer of smaller and larger glands, some mucous and some serous, 
the ducts of which open upon the surface. In the olfactory region the mucous 
membrane is yellowish in colour and the epithelial cells are columnar and non- 
ciliated ; they are of two kinds, 
supporting cells and olfactory 
cells. Th^o supjiorting cells con¬ 
tain oval nuclei, which are 
situated in the deeper parts of 
the cells and constitute the zone 
of oval nuclei; the outer part of 
the cell is columnar, and con¬ 
tains granules of yellow pigment, 
while its deeper portion is pro¬ 
longed as a delicate process which 
ramifi('s and communicates with 
similar processes from neighbour¬ 
ing cells, so as to form a network 
in tlie mucous membrane. Lying 
bf'tween these central f)rocesses 
of the supporting cells arc a 
number of spindle-sliaped cells, 
the olfactory cells, each consisting 
of a large spherical nucleus 
surrounded by a small amount of 
granular protoplasm, and posse.s.sing tw() processes, one of which runs outwajds 
between the columnar epithelial trills, and j)rojeotson the surface of the mucous 
nusmbrano as a tine, hair-like process, the ol/adory hair; the otlier or dce]> 
process runs inwards, is frequent ly beaded, and is continuous with one of the 
filaments of the olfathory nerve. Beneath the epithelium, and extending through 
the tluckness of the mucous membrane, is a layer of tubular, often branched, 
glands, the glands of Bovrman, identical in structure with serous glands. 

Vessels and Nerves.—Tho arteries of the nasal foasw are the anterior and posterior 
ethmoidal branches of the ophthalmic, which supply the ethmoidal cells, frontal sinuses, 
and roof of the nose; the sphono-palatiiie branch of the internal maxillary, which supplies 
the mucous membrane covering the turbinated pioccsses and inferior turbinated bone, the 
meatuses and septum ; the inferior artery of the septum, from the superior coronary of 
the facial; the infra-orbital and alveolar branches of the internal maxilUry, which supply 
the lining membrane of the antrum ; and the pterygo palatine branch of the same artery, 
distrihutM to the sphenoidal sinus. The ramifications of these vessels form a close 
plexiforra network, beneath and in the substance of the mucous membrane. 

The veins of the nasal fossa form a close cavernous network beneath the mucous 
membrane. This cavernous appearance is especially,well marked over the lower part of 
the septum and over the middle turbinated process and inferior turbinated bone. Some 
of the veins open uito the spheno-palatinc vein ; others join the facial vein; some 
accompany the ethmoidal arteries, and terminate in the ophthalmic vein ; and, lastly, 
a few communicate with the veins in the interior of the s^ll, through the foramina in 
the cribriform plate of the ethmoid bone, and the foramen cajcum. 

The lymphatics have already been described (page 770). 

The nerves of ordinary sensation are, the nasal branch of the ophthalmic, filaments 
from the' anterior dental branch of the superior maxillary, the Vidian, the naso-palatine, 
the large or anterior palatine, and nasal branches of Meckel’s ganglion. 

The nasal branch of the ophthalmic distributes filaments to the foro-part of the septum 
and outer wall of tho nasal fossae. Filaments from the anterior dental branch of the 
superior maxillary supply the inferior meatus and inferior turbinated bone. The Vidian 
nerve supplies the upper and back part of the septum, and superior spongy bone; and 
the upper nasal branches from the spheuo-palatine ganglion have a similar distribution. 
Tho naso-palatine nerve supplies the middle of the septum. The large, or anterior 
palatine, nerve supplies the lower nasal branches to the middle turbinated process and 
inferior turbinated bone. 

The of/octory, the Bpeoial nerve of the sense of smell, is distributed to the olfactory r^on. 


Fin. 830.—Nerves of septum of nose. 
Bight side. 
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Acoessoky Sinuses op the Nose (figs. 826, 827, 828) 

The accessory sinuses or air-cells of the nose are the frontal, ethmoidal, 
sphenoidal and maxillary; they vary in size and form in different individuals, and 
are lined by mucous membrane directly continuous with that of the nasal fossa*. 

The frontal sinuses, situated behind the superciliary ridges, are rarely sym¬ 
metrical, and the septum between them frequently deviates to one or other side 
of the middle line. Their av<‘rage measurements are as follows : height, 1} in.; 
breadth, 1 in. ; depth from before backwards, 1 in. Each opens into the anterior 
part of the corresponding middle meatus of the nose through the infundibulum 
which traverses the anterior part of the lateral mass of the ethmoid. Absent 
at birth, they aie generally fairly w'ell-developed between the ninth and twelfth 
years, but only reach their full size after puberty. 

The ethmoidal air-cells consist of numerous thin-walled cavities situated in the 
lateral masses of the ethmoid and completed by the- frontal, maxilla, lachrymal, 
sphenoid, and palate. They lie between tli(! upper parts of the nasal fossae 
and the orbits, and are separated from these cavities by thin bony laminae. They 
are arranged in thr(><s groups, anterior, middle, and posterior. The anterior and 
middle groups open into the middle meatus of the nose, the former by way of the 
infundibulum, the latter directly on or above the bulla ethmoidalis. The posterior 
colls open into th<; superior meatus under cover of the superior turbinated process; 
sometimes one or more of them opens into the sphenoidal sinus. 

The sphenoidal sinuses contained within the body of the sphenoid vary in size 
and .shape; owing to Ihc lateral displacement of the intervening septum they are 
rarely symmetrical. 'J’he following are their average imiasurements: vertical height 
I in.; transverse breadth J in.; antoro-posterior depth J in. When <!Xceptionally 
large they may extend into the roots of the pterygoid processes t)r greater wings, 
and may invade the basilar process of the occipital. Each sinus communicates 
with the recessus splieno-cthmoidalis by means of an aperture in the upper part of 
its anterior wall. Their development does not begin ujitil about the eighth year. 

The maxillary sinus or antrum of Highmore, the largest of the accessory 
sinuses of the nose, is a pyramidal cavity in the body of the maxilla. Its base is 
formed by Ihc outer wall of tlu! nasal fossa, and its apex extends into the zygo¬ 
matic process. Its roof or orbital wall is fTe(]uently ridged by the infra orbital 
canal, while its floor is fornuid by the- alveolar process and is usually on a level 
with tlic floor of the nose ; projecting ink) the latter are several coiiical elevations 
corresponding with the roots of the first and s(*cond molar teeth, and in some cases 
the floor is perforated by one or more of these roots. Tlie size of the sinus varies 
in different skulls, and even on the two sides of the same skull. The following 
measurements are those of an average-sized antrum : vertical height opposite the 
first molar tooth LJ in. ; transverse bre-adth 1 in. ; antcro-posterior depth JJ in. 
In the antero-sHpeiior part of its base is an opening through which it communicak's 
with the lower part of the hiatus semilunaris; a second orifice is frequently seen 
in, or immediately Inshind, the hiatus. The maxillary antrum appears as a shallow 
groove on th(! inner suj-face of the bone about the fourth month of foetal life, but 

docs not reach its full size until after the second dentition.* 

• 

Applied Anatomy. —Instances of congenital deformity of the nose are occasionally 
met witli, such as complete absence of the outer nose, an aperture only being present; 
or i)crfect development on one side, and suppression or malformation on the other. 
Deformities which have been accpiirod are much more common, sucli as flattening of the 
nose, the result of syphilitic necrosis; or imperfect development of the nasal bones in 
cases of congenital syphilis ; or a lateral deviation of the nose may result from fracture. 

The skin over the ala* and tip of the nose is thick and closely adherent to subjacent 
parts ; inflammation of this pjirt is therefore very painful, on account of the tension. It 
is largely supplied with blood, and, the circulation here being terminal, vascular engorge¬ 
ment is liable to occur, especially in women at the menopause, and in both sexes from 
disorders of digestion, cxfmsure to cold, &c. The skin of the nose also contains a large 
number of sebaceous follicles, and these, as the result of intemperance, are apt to become 
affected and the nose rcHldoned, congested, and irregularly swollen. To this the term 
‘ grog-blossom ’ is popularly applied. In some of these cases’ there is enormous hyper¬ 
trophy of the skin and subcutaneous tissues. Epithelioma and rodent ulcer may attack 

* The various measurements of the accessory sinuses of the nose given above are quoted 
from Aldreu Turner's Aocettory Sinum of the Note. 
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the nose, the latter being the more common of the two. Lupus and syphilitic ulceration 
frequently affect the nose, and may destroy the whole of the cartilaginous portion. In 
fact, lupus vulgaris begins more frequently on the ala of the nose than in any other 
situation. 

To examine the nasal cavities, the head should be thrown back and the nose drawn 
upwards, the parts being dilated by some form of speculum, l^e posterior nares can be 
explored by reflei3ted light from the mouth, through which they can be illuminated. The 
examination is very difficult to carry out, and, as a rule, sufficient information regarding 
the presence of foreign bodies or tumours in the naso-pharynx can be obtained by the 
introduction of the finger behind the soft palate through the mouth. The septum of the 
nose may be displaced or may deviate from the middle line ; this may be the result of an 
injury or of some congenital defect. Sometimes the deviation may be so great that the 
septum may come into contact with the outer wall of the nasal fossa, and may even 
become adherent to it, thus producing complete obstruction. Perforation of the septum 
is not an uncommon affection, and may arise from several causes: syphilitic or tuber¬ 
culous ulceration, blood-tumour or abscess of the septum. When small, the perforation 
may cause a peculiar whistling sound during respiration. When large, it may lead to the 
falling in of the bridge of the nose. 

Epistaxis is a very common affection in children. It is rarely of much (ionsequence, 
and will almost always subside without treatment; but in the more violent haemorrhages 
of later life it may be necessary to plug the poslerior nares. In i)erforming this operation 
it is desirable to remember the size of the posterior nares. A ready method of regulating 
the bulk of the plug to fit the opening is to make it of the same size os the terminal 
phalanx of the thumb of the patient to be operated on. 

Foreign bodies, such as boot-buttons, are frequently mserted into the nostrils by 
children, juid require some care in removal, as unskilled attempts only result in pushing 
the foreign body further into the nasal fossa. Bodies which remain in the nose for any 
length of time set up ulceration of the mucous membrane, sometimes spreading to the 
bone, and a profuse purulent discharge results. A condition of unilateral nasal discharge 
in a child is always suggestive of the presence of a foreign body. Tlie removal of such 
objects is best effected by giving the child an anaesthetic, opening the mouth with a gag, 
and planing the left forefinger in the naso-pharyiix, so as to prevent the escape of the body 
into the air-passages ; the foreign body is then removed through the anterior naris by 
a suitable scioop or forceps manipulated by the right hand. 

Enlargement of the mucous membrane covering the inferior turbinated bone or 
middle turbinated process is a veiy frequent imcompanimcnt of chronic nasal catarrh. 
In old-standing cases the bones themselves may become enlarged, constituting the 
‘ hypertrophied turbinals ’ which arc so often the cause of nasal obstruction. In the case 
of the inferior turbinated the anicrior or posterior extremity is usually more especially 
affected, giving rise to a reddened mass of tissue often confusecl with a nasal polypus .* 
the appearances, however, are totally different, as the true nasal |iolypi appear as 
glistening greyish-white bodies between the turbinates. Turbinal hypertrophy can be 
temi)orarily reduced to a great extent by the local application of cocaine, and if the 
reduction by this mc.ms is to practically the normal condition, then treatment by 
application of the galvano-cautery will be sufficient; otherwise the enlarged portion of 
the bone or bones will require removal by a wire snare after the attachment to the lateral 
wall of the nasal fossa has been freed, by special nasal scissors, in the case of enlargement 
of the anterior end, and by the spoke-shave when the posterior end is enlarged. It is 
highly inadvisable to remove more than is necessary, as too free removal results in a dry 
condition of the air-passages, which conduces to a chronic dry pharyngitis and laryngitis. 

Nasal polypi are of frequent occurrence ; in the common gelatinous form they spring 
from the outer wall of the nasal fossa and project down between the turbinateds, giving 
rise to obstructed nasal respiration. They are always accompanied by purulent dis¬ 
charge, and are due.in all instances to small areas of carious bone in the region of the 
bulla ethmoidalis, or about the ethmoidal or sphenoidal air-cells. They appear as glistening 
greyish-white bodies swinging on a pedicle, and the larger ones can be encircl^ with a 
cold wire snare and thus removed ; usually, however, after the extirpation of the larger 
ones has been carried out, numerous small polypi can bo seen springing from tho region of 
their bases, and cauterisation of such affected areas must be thoroughly carried out if a 
recurrence of the trouble is to be avoided. In bad cases a free curetting of the ethmoidal 
air-cells maybe called for after removal of the middle turbinated process. Fibrous polypi 
aro also more rarely met with, and these are of the nature of new growths ; they most 
frequently spring from tho base of the skull behind the posterior nares and form 
pedunculated tumours occupying the naso-pharynx. Malignant polypi also occur, most 
commonly originating in the antrum and projecting through its inner wall into the nasal 
fossa ; for such cases removal of the maxilla offers the only hope of cure. 

Suppuration in tho accessory nasal sinuses is of frequent occurrence, and in coimeotion 
with tins it is advisable that the student should recollect the situations at which the various 
sinuses normally communicate with the nasal fossee; thus one finds they fall into two 
main groups: the anterior, opening into the middle meatus and draining the maxillary 

St 
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antrum, the frontal sinus and the anterior ethmoidal air-cells, the two latter via the 
infundibulum; and the posterior group, opening into the superior meatus and spheno¬ 
ethmoidal recess and draining the posterior ethmoidal and sphenoidal air-cells. Suppura¬ 
tion in tbisanterior group is the more common, and the pus can be seen running down 
over the anterior cud of the inferior turbinated, whereas in the case of the posterior 
group, the pus does not come forwards, but rum^ back into the naso-pharynx over the 
posteriorond of the middle turbinated process. Again, it is of importance to notice that 
the middle meatus is of such a form that pus running down the infundibulum from the 
.frontal sinus is directed by the groove beneath the bulla ethmoidalis straight into the 
ostium of the maxillary antrum. So that the latter sinus may, in some cases, act as a 
secondary reservoir for pus discharged from the frontal sinus. All the accessory sinuses 
can be and are infected from the nasal fossa, but it should l>e noted that in the case of one 
sinus, viz. the maxillary antrum, the infection is frequently conveyed in another way, 
and that is from the teeth. This sinus is the one most frequently the seat of chronic 
suppuration and it often requires drainage. This drainage can be carried out by drilling 
a hole through the alveolus after removal of a tooth, preferably the first molar, or by 
gouging away the facial aspect of the maxilla, after having reflected the gum by incision 
of the mucous membrane, or by removing bone from the outer wall of the inferior meatus 
of the nose. Simple drainage, however, is not usually sufficient, and more extensive 
operations have often to bo performed. 


THE EYE 

The eyeball (bulbus oculi) is contained in the cavity of the orbit. In this 
situation it is protected from injury, while its position is such as to ensure 
an extensive range of sight; it is additionally protected in front by several 
appendages, such as the eyebrow, esyedids, &c. 


Jfia. 831.—^The right eye in sagittal section, showing the capsule of Tenon 
(semi-diagramnmtic). (Testut.) 



The eyeball is imbedded in the fat of the orbit, but is surrounded by a thin 

C embranous sac, the capsule of Tenon, which isolates it, so as to allow of free 
ovemenfc. 

The capsule of Tenon (fascia bulbi) (fig. 831) is a thin mepibrane. which 
envelops the eyeball from the optic nerve to the ciliary region, separating it 
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from the orbital fat and forming a socket in which it plays. Its inner surf ace 
is smooth, and is separated from the outer surface of the sclera by the 
' fieriacleral lymph -s'pace. This lymph-space is conl^uous with the,«ubdural 
and subarachnoid spaces, and is traversed by delicate bands of connective 
tissue which extend between the capsule and the sclera. T he cap sule is 
per forated behind^ by the ciliary vessels and nerves, and by the optic nerve, 
being continuoiii with the sheath of the latter. In front it blends with the 
ocular conjunctiva, and with it is attached to the ciliary region of the eyeball. 
It is perforated by the tendons of tho ocular muscles, and is reflaotedbackwards 
on euclL-as-a.tubular sheath. Th© shcath.,of the S uperior ob lique is ©arried as 
far us the fibrous pulley of that muscle ; tlvalL-lin.the lideHo^^ dbnque reaches 
as far as the floor of the orbit, to wliich it gives off a slip. The sheaths on 
the Recti are gradually lost in the perimysium, but they give off important 
expansions. The expansion from the Supeiior rectus blends with the tendon 
of tho Levator palpebras; that of the Inferior rectus is attached to the inferior 
ta rsal p lat^i- These two Recti, therefore, will exercise some influence on the 
movements of the eyelids. Tlie expansions from the sheaths of the Internal 
and External recti are strong, esiitHiially that from -the latter muscle, and are 
attached to the lachrymal and malar bones respectively. As they probably 
cljeck the action of these two Recti they have been named the internal and 
external check ligaments, 

Lockwood has described a thickening of the lower part of the capsule of 
Tenon, which he has named the suspensory ligameni of the eye. It is slung 
like a hammock below the'eyeball, being expanded in the centre, and narrow 
at its extremities which are attached to the malar and lachrymal bones 
respectively.* • 

The eyeball is composed of segments of two spheres of different sizes. The 
anterior segment is om^ of a small sphere ; it is transparent, and forms about 
one-sixth of the eyeball. It is more prominent than the posterior segment, 
which is one of a larger sphere, and is opaque, and forms about five-sixths of 
the globe. Tiie term anterior pole is applied to the central point of the anterior 
curvature of tho eyeball, and that of posterior pole to the central point of its 
posterior tsurvature ; a line joining the two poles forms the. aans optica. The 
axes of tho eyeballs are nearly parallel, and therefore do not correspond to 
the axes of the orbits, wliicli are directed forwards and outwards. The optic 
nerves follow the direction of the axes of the orbits, and are therefore not 
parallel; each enters its eyeball about 1 mm. below and 3 mm. to th<- inner 
or nasal side of the posterior pole. Tho eyeball mcjisures rather more in its 
transverse and antero-posterior diameters than in its vertical diameter, the 
former amounting to about 24 mm. tlie latter to about 23'5 mm.; in the female 
all three diameters are rather loss than in the male. At birth the eyeball has 
a diam«<tor of about 17'5 mm., wliile at puberty it measures from 20 to 21 mm. 

The eyeball is composed of three tunics, and of three refracting media. 

Tunics of the Eye (fig. 832) 

From without inwards the three tunies ^re: (1) A fibrous tunic (tunica 
fibrosa oculi), consisting of the sclera behind and tho cornea in front; (2) a 
vascular pigmented tunic (tunica vasoulosa oculi), comprising, from beliind 
forwards, the choroid, ciliary body, and iris ; and (3) a nervous tunic, the retina. 

I. The SoiiBBA and Cornea 

The sclera and cornea (fig. 832) form the external tunic of the eyeball; 
they are essentially fibrous in structure, the sclera being opaque, and forming 
the posterior five-sixths of the surface of the globe; the cornea forms the 
remaining sixth, and is transparent. 

The sclera has received its name from its extreme density and hardness ; 
it is a firm, unyielding, fibrous membrane, serving to maintain the form of 
the globe. It is much thicker behind than in front. Its external surface is 
of a white colour, and is in contact with the inner surface of the capsule of 
Tenon; it is quite smooth, except at the points where tho Recti and Obliqui 

• See a paper by 0. B. Lockwood, Jmvmal of Anaimiy and Phytdology, vol. xx. part i. p. 1. 
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are inserted into it, and its anterior part is covered by the conjunctival mem¬ 
brane : hence the whiteness and brilliancy of the front of the eyeball. Its 
inner surface is stained of a brown colour and marked by grooves, in which 
are lodgeid the ciliary nerves and vessels ; it is separated from the outer surface 
of the choroid by an extensive lymph-space {spatium perichorioideale) which 
is traversed by an exceedingly fine cellular‘tissue, the lamina suprachorioidea. 
Behind, it is pierced by the optic nerve, and is continuous through the fibrous 
sheath of this nerve with the dura mater. At the point where the optic 
nerve passes through the sclera, the tunic forms a tliin cribriform lamina, the 
lamina cribrosa sekree ; the minute wifices in this lamina serve for the trans¬ 
mission of the nervous filaments, and the fibrous septa dividing them from 
one another are continuous with the membranous processes which separate the 
bundles of nerve-fibres. One of these openings, larger than the rest, occupies 
the centre of the lamella ; it transmits the central artery and vein of the 
retina. Around the cribriform lamella are numerous small apertures for 
the transmission of the ciliary vessels and nerves, and about midway between 


Fia. 832.—Horizontal section of the eyeball. 



the margin of the cornea and the entrance of the optic nerve arc four or five 
large apertures, for the transmission of veins {ven<B vorticosfn). In front, the 
fibrous tissue of the sclera is directly continuous with that of the cornea, but 
the opaque sclera slightly overlaps the outer surface of tho transparent cornea. 

Structure. —The sclera is formed of white fibrous tissue intermixed with 
fine elastic fibres, and of flattened connective-tissue corpuscles, some of which 
are pigmented, contained in cell-spaces between the fibres. The fibres are 
aggregated into bundles, Avhich are arranged chiefly in a longitudinal direction. 
Its vessels are not numerous, the capillaries being of small size, uniting at long 
and wide intervals. Its nerves are derived from the ciliary nerves, but their 
exact mode of ending is not known. 

The cornea is the projecting transparent part of tho external tunic of the 
eyeball, and forms the anterior sixth of the surface of the globe. It is almost 
circular in outline, occasionally a little broader in the transverse than in the 
vertical direction. It is convex anteriorly, and projects forwards from the 
sclera in the same manner that a watch-glass does from its case. Its degree of 
curvature varies in different individuals, and in the same individual at different 
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periods of life, being more pronounced in youth than in advanced life. The 
cornea is dense and of uniform thickness throughout; its posterior surface is 
perfectly circular in outline, and exceeds the anterior surface slightly in 
extent, from the latter being overlapped by the tissue of the sclera. 

Structure (fig. 833).—The cornea consists from before backwards of the 
four following layers, viz.: (1) a layer of stratified epithehum, continuous with 
that of the conjunctiva ; (2) the svhshtwlia propria ; (3) a homogeneous clastic 
lamina ; and (4) a layer of endothelium. 

The stratijied epithelium (epithelium corneas) covering the front of the cornea 
consists of several layers of cells. The cells of the deepest layer are columnar ; 

Fig. 833.—^Vertical section of human cornea from near the margin. 

(Waldeyer.) Magnified. 



1. Kpilbclinm. 2. Ant«ri(ir liom'wnoonB luiiiiim. 3. Snljslutitia propria. 4. Posterior bomogcneooa 
(elastic) lamina. S. K.ndotholium ul Uic anterior diambor. a. Obli<piu llbres in the anterior layer of the 
Buijslantaa propria, b. liaiiielliB Uie fibres of which arc cut iuToss, ]iroducing a dotted appearance, 
c. Comool corpuscles a]ii>eurint' tusifunn in section, d. I.amollm the fibres of whicti are cut lonj^tadinally. 
e. Transition to tlic sclera, with more distinct fibrillation, and surmounted by a thicker epithelium. 

/, Small blood-vessels cut ueruss noiu' the margin of the cornea. 

then follow two or tliree layers of polyhedral cells, the majority of which 
present finger-like processes (i.e. prickle-cells) similar to those found in the 
cuticle. Lastly, there are tliree or four layers of scaly epithelium, with 
flattened nuclei. 

The substantia propria is fibrous, tough, unyielding, perfectly transparent, 
and continuous with the sclera. It is composed of about sixty flattened 
lameUsB, superimposed one on another. These lamella) are made up of bundles 
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of modified connective tissue, the fibres of which are directly continuous with 
the fibres of the sclera. The fibres of each lamella are for the most part 
parallel with one another, but at right angles to those of adjacent lameUse. 
Fibres, however, frequently pass from one lamcUa to the next. 

The lamellae are connected with each other by an interstitial cement- 
substance, in which are spaces, the eomeal spaces. These are stellate in shape 
and have numerous offsets, by which they communicate with each other. 
Each contains a cell, the corneal corpuscle, resembling in form the space in 
which it is lodged, but not entirely filling it. 

Immediately beneath the conjunctival epithelium, the cornea proper 
presents certain characteristics which have led some anatomists to regard it 
as a distinct membrane, and it has been named the lamina elaslica anterior of 
Bowman. It differs, however, from the lamina elastica posterior, in presenting 
evidence of fibrillar structure, and in not having the same tendency to cun 
inwards, or to undergo fracture, when detached from the other layers of the 
cornea. It consists of extremely eloscly interwoven fibrils, similar to those 
found in the substantia propria, but contains no comeal corpuscles. It may 
be regarded as a part of the jjroper tissue of the cornea. 

The lamina elastica posterior {membrane of Descemet or Demours) covers 
the posterior surface of the substantia propria, and consists of an clastic, 
transparent homogeneous membrane, of extreme tliinness, which is not 
rendered opaque by either water, alcohol, or acids. It is very brittle, but its 
most remarkable properties are its extreme elasticity, and the tendency which 
it presents to curl up, or roll upon itself, with the attached surface inneimost, 
when separated from the proper substance of the cornea. Its use appears 
to bo ‘ to preserve the requisite p<'.rmanent correct curvature of the flaccid 
cornea proper ’ (Jjxcob). 

At the margin of the cornea the lamina elastica posterior breaks up into 
fibres which form a reticular structure at the outer angle of the anterior 
chamber, the intervals between the fibres forming small cavernous spaces, 
the spaces of Fontana (spatia anguli iridis). These spaees communicate with 
a circular canal in tho substance of the sclera close to its jxmetion with the 
cornea. This is the canal of Schlernm (sinus venosus sclerap) ; it communicates 
internally with the anterior chamber tlirough tho spaces of Fontana, and 
externally with the scleral veins. Some of the fibres of this reticulated struc¬ 
ture are continued into tho substance of the iris, forming the ligamentum 
pectinatum iridis ; while others are connected with the fore-part of the sclera 
and choroid. 

The layer of endothelium (endothelium earner® anterioris) covers tho pos¬ 
terior surface of the elastic lamina, is reflected on to the front of the iris, and 
also lines the spaces of Fontana. It consists of a single stratum of polygonal, 
flattened, nucleated cells, similar to those lining other serous cavities. 

Vessels and Nerves. —The comoa is a non-vascular structure, the capillary vessels 
terminating in loops at its circumference. Lymphatic vessels have not as yet been 
demonstrated in it, but are represented by the channels in which the bundles of nerves run ; 
these are lined by an endothelium. The nerves are numerous and are derived -from the 
oiliary nerves. They form an annular jdexua around the periphery of the comoa, from 
which fibres enter the substantia propria. They lose their modullary,sheaths and ramify 
throughout its substance in a delicate network, and their terminal filaments form a firm 
and closer plexus on the surface of the cornea proper, beneath the epithelium. This is 
termed the svb-epUhdial •plexus, and from it fibrils are given off which ramify between the 
epithelial cells, forming an intra-epUhelial “plexus. 

II. The Vasculak and Pigmented Tunic (figs. 832, 834, 836.) 

The middle tunic of the eye is foimed from behind forwards by the choroid, 
the ciliary body, and the iris. 

The choroid invests the posterior five-sixths of the globe, and extends as 
far forwards as the ora serrata of the retina. The ciliary body connects the 
choroid to the circumference of the iris. The iris is a circular diaphragm 
behind the cornea, and presents in its centre a rounded aperture, the pupil. 

The choroid (chorioidea) is a thin, highly vascular membrane, of a dark 
brown or chocolate colour, which invests the posterior five-sixths of the globe ; 
it is pierced behind by the optic nerve, and in this situation is firmly adherent 
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to the sclera. It is thicker behind than in front. Externally, it is loosely 
connected by the lamina fusca with the inner surface of the sclera. Its inner 
surface is attached to the pigmented layer of the retina. 

Structure. —^The choroid consists mainly of a dense capUlary plexus, and of 
small arteries and veins carrying blood to and returning it from this plexus. 
On its external surface, i.e. 

the surface next the sclera, is g.'M.—The choroid and iris. (Enlarged.) 

a thin membrane, the lamina 
supraciwrioidea, composed of 
delicate non-vascular lamellae 
—each lamella consisting of 
a network of fine elastic fibres 
among which are branched 
pigment-cells. The spaces 
between the lamellae are lined 
by endothelium, and open 
freely into the perichoroidal 
lymph-space, which, in its 
turn, communicates \vith the 
periscleral .space by the 
perforations in the sclera 
through whicli the vesstds and 
nerves arc transmitted. 

Internal to this lamina is 
the cliormd ffroju'r, and in con- 
sequence of the small arteries 
and veins being arrang(id on 
the outer surface of the capil¬ 
lary network, it is customary 
to describe this as consisting 
of two layers: an outer, 
composed of small arteries 
and veins,’wntli pigment-cells 
interspersed betwetm thorn ; and an iimer, consisting of a capillary •plexus. 
The outer layer or lamina vastculasa consists, in part, of the larger branches of 
the short ciliary arteries which run forwards between the veins, before they 
bend inwards to terminate in the (iapillaries, but is formed principally of veins. 



Fro. 8.35.—^The arteries of iho choroid and iris. 

The greater part of the sclera has been removed. (Enlarged.) 



named, from their arrangement, the venoe vorticosce. They converge to four 
or five equidistant trunks, which pierce the sclera midway between the marmn 
of the cornea and the entrance of the optic nerve. Interspersed betw^n the 
vessels are dark star-shaped pigment-cells, the processes of which, communicating 
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with those of neighbouring cells, form a delicate network or stroma, which, 
towards the inner surface of the choroid, loses its pigmentary character. The 
inner layer or lamina choriocajnllaris consists of an exceedingly fine capillary 
plexus, formed by the short ciliary vessels ; the network is closer, and finer 
in the posterior than in the anterior part of the choroid. About half an inch 
behind the cornea its meshes become larger, and are continuous with those 
of the ciliary processes. These two laminse arc connected by a stratum inter¬ 
medium consisting of fine clastic fibres. On the inner surface of the lamina 
choriocapillaris is a very thin, structureless, or faintly fibrous membrane, 
called the lamina basalis {meminane of Bruch) ; it is closely connect(5d with the 
stroma of the choroid, and separates it from the pigmentary layer of the retina. 

Tapvlum. —This name is applied to tlic outer and posterior part of the 
choroid, which in many animals presents an iridescent appearance. 

The ciliaiy body (corpus ciliaro) comprises the orbiculus ciliaris, the ciliary 
processes, ana the Ciliary muscle. 

The orbiculus ciliaris is a zone of about one-sixth of an inch (4 mm.) in width, 
directly continuous with the anterior part of the choroid ; it presents numerous 
ridges arranged in a radial manner. 

The ciliary processes (processus eiliares) arc formed by tlie inward folding 
of the various layers of the choroid (i.e. tlie choroid proper and the lamina 

basalis), and are received be¬ 
tween corresponding foldings 
of the suspensory ligament of 
the lens, thus establishing 
a connection between the 
choroid and inner tunic of 
the eye. Tliey are arranged 
in a cir(d(!, and form a sort of 
frill bcliind (he iris, round the 
margin of the lens. They vary 
from sixty to eighty in 
number, li<i side by side, and 
may be divided into large and 
small; the former are about 
onc-teuth of an inch {2’5 mm.) 
in lengtli, and the latter, con¬ 
sisting of about one-third 
of the entire number, arc 
situated in the spaces between 
them, but without regular 
arrangement. They are 
attached by their periphery 
to three or four of the ridges of the orbiculus ciliaris, and aie (jontinuous 
witli^the layers of the choroid: their opposite extremities are free and rounded, 
and are directed towards the posterior chamber of the eyeball and circum¬ 
ference of the lens. In front, tlicy are continuous with the ijeriphery of the 
iris. Their posterior surfaces are connected with the suspensory ligament of 
the lens. , 

Structure (fig. 837).—^The ciliary processes are similar in structure to the 
choroid, but the vessels are larger, and have cliiefly a longitudinal direction. 
Tlieir posterior surfaces are covered by a bilaminiir layer of black pigment-ceUs, 
whicli is continued f«)rward8 from the retina, and is named the pars ciliaris 
retincB. In the stroma of the ciliary processes there are also stellate pigment- 
cells, but tliese arc not so numerous as in the choroid itself. 

The Ciliary muscle (m. ciliaris) consists of unstriped fibres ; it forms a 
greyish, scmitrauB])arent, circular band, about one-eighth of an inch (3 mm.) 
broad, on tlie outer surface of the fore-part of the choroid. It is thickest in 
front, and consists of two sets of fibres, radial and circular. The radial fibres 
(fibrae meridionales), much the more numerous, arise from the junction of the 
cornea and sclera, and from the ligamontum iMJCtinatum iridis ; they run 
backwards, and are attached to the ciliary proces-ses and orbiculus ciliaris. One 
bundle, according to WaJdeyer, is continued backwards to bo inserted into 
the sclera. The circular fibres (tibrse circulares) are internal to the radiating 


Fro. 836.—^The veins of the choroid. (Enlarged.) 
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ones and to some extent unconnected with them, and have a circular course 
around the attachment of the iris. They are sometimes called the 
muscle of Muller, and were formerly described as the ciliary ligament. They 
are well developed in hyi>ormetropic, but are rudimentary or absent in myopic 
eyes. The Ciliary muscle is the chief agent in accommodation, i.e. in adjusting 
the eye to the vision of near objects. When it contracts, it draws forwards 
the ciliary processes, relaxes the suspensory ligament of the lens, and thus 
allows the anterior surface of the lens to become more convex; tiio pupil is 
at the same time slightly contracted. _ t.- a- 'a ^ 

Tlie iris has received its name fiom its various colours in different indiviauais. 
It is a thin, circular, contractile disc;, suspended in the aqueous humour between 
the cornea and lens, and ixnforati^d a little to the nasal side of its centre by 
a cirtjular aperture, the pupil (pupilla), for the transmission of light, ® 

periphery it is continuous with the ciliary body, and is also connected with 
the post«*rior clastic lamina of the cornea by means of tlio pectinate ligament; 


Fig. S.*!?.—Section of the eye, showing the relations of the cornea, sclera, and iris, 
together with the Ciliary muscle and the 8i)acos of Fontana near the angle of the 
anterior chamlicr. (Waldcyer.) 



its surfaces are flattened, and look forwards and backwai-ds, the antenor 
towards the cornea, the posterior towards the ciliary iiroccsses and Ions. The 
iris divides the space between Ihc front of tlie lens and the back of the cornea 
into two chambers—anterior and posterior. The anterior cfmnber (camera 
oculi anterior) is bounded in front by the posterior surface of tlie cornea; 
beliind by the front of the iris and the central part of the lens. The posterior 
chamber (camera oculi posterior) is a narrow chink between the peripheral 
part of the iris, the suspensory ligament of the lens and the ciliary processes. 
In the adult the two chambers communicate tliroiigh tlie pupil, but in tlie 
foetus of the seventh month, when the pupil is closed by the mernbrava 
pupillaris, the two chambers are quite separate. 

Structure. —The iris is composed of the following structures ; 

1. In front is a layer of flattened endothelial cells placed on a delicate liy^nc 
basement-membrane. This layer is continuous with the epithehal layer 
covering the membrane of Descemet, and in men with dark-coloureo maos le 
cells contain pigment-granules. 
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2. Strotm .—The stroma iridis consists of fibres and cells. The former are 
made up of delicate bundles of fibrous tissue, of which some few fibres have a 
circular direction at the circumference of the iris ; but the chief mass consists 
of fibres radiating towards the pupil. They form, by their interlacement, 
delicate meshes, in which the vessels and nerves are contained. Interspersed 
between the bundles of connective tissue are numerous branched cells with 
fine processes. In dark eyes many of them contain pigment-granules, but in 
blue eyes and the pink eyes of albinos they are unpigmented. 


Fig. 838.—VcbbcIb of the choroid, 
ciliary proccsscR, and iris of a child. 
(Arnold.) Magnified 10 times. 



a« Capilliuy network uf llie ]u)storiur part of the 
dioroid, ending ut Uie ora bcrrata. c. Arterioa 
of the iNironu oiliarm, aupplyiii^ tiie ciliary 
prof^eijftcH, tU attd poi^iug into tlio irifi, e. 1 . ^'Iiu 
capillary network clopc to tlio pupillary margin 
of the irifl. 


3. The muscular fibres are 
involuntary, ajid consist of circular 
and radiating fibres. The circular 
fibres (m. sphincter pupillaj) sur¬ 
round the margin of the pupil on 
the posterior surface of the iris, 
like a sphincter, forming a narrow 
band about onc-thirtieth of an 
inch (] mm.) in width; those 
near the free margin are closely 
aggregated; those more external, 
somewhat separated, form incom¬ 
plete circles. The radiating fibres 
dilatator pupilla*) converge 


Fro. 839.—^Diagrammatic representation of the 
course of the vesseJs in the eye. Horizontal 
section. (Leber.) Arteries and capillaries 
red : veins blue. 



O. Entrance of optic nerve, a. Short posterior cili^ arteries. 
b. 1.0I1B posterior I’iiiiiry iirtenss. e. Anterior ciiiary vessels. 
d. Costenor coiijuiielivui vessels, d'. Antenur conjunctival 
vessels. «. Central vivisels of Uie retina. X'esaels of tlio 
inner sbeatli of the optic nervfc g. Vessels of Uie outer 
slivath. A. Vorticose vein. i. Snort posterior ciliary vein. 
k. Krnnelies of the sliort posterior ciliary arteries to Uie optic 
nerve. 1. Anaslruiinsis of choroidal vessels with tliose of 
optic nerve, m. Clioriu-eapillaris. ». Kpiscicral vessels. 
o. It ccurreiit artery of (he ctioroid. p, Circulus iridis major 
(in section), j. Vessels of iris. f. VcbsoIb of ciliary process. 
t. Branch from ciiiary muscle to vorUcosc vein. t. Branch 
from cthary miibclc to anterior dliary vein. u. Canalfof 
Schlemm. r. Capillary loop at margin of cornea. 


(m. 

horn the circumference towards the centre, and blend with the circular fibres 
near the margin of the pupil. These fibres are regarded by some as elastic, 
not muscular. 


4. .The posterior surface (facies posterior) of the iris is of a deep purple tint, 
being covered by two layers of pigmented columnar epithelium, continuous 
at the periphery of the iris with the pars ciliaris retinae. This pigmented 
epithelium is named the pars iridica reiinoe or, from the resemblance of its 
colour to that of a ripe grape, the uvea. 
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The colour of the iris is produced by the reflection of light from dark pigment- 
cells underlying a translucent tissue, and is therefore determined by the amount 
of the pigment and its distribution throughout the texture of the iris. The 
number and the situation of the pigment-cells differ in different irides. In 
the albino pigment is absent. In the various shades of blue eyes the pigment- 
cells are confined to the posterior surface of the iris, whereas in grey, brown, 
and black eyes pigment is found also in the cells of the stroma and in those 
of the epithelial layer on the front of the iris. 

Vessels and Nerves.—arteries of the iris are derived from the long and an^ior 
ciliary arteries, and from the vessels of the ciliary processes (see page fi48). long ciliary 
arteries, two in number, having reached the attached margin of the iris, divide each into an 
upper and lower branch; thc.se anastomose with corresponding branches from the opposite 
side and thus encircle the iris; into this vascular zone {cireMus arteriosus major) the 
anterior ciliary arteries pour their blood. From this zone vessels converge to the free 
margin of the iris, and there communicate by branches from one to another to form a 
second zone {circulus arteriosus minor) (figs. 8.38 and 840). 

Fig. 840. —The iris, viewed from in front, with its great and small arterial circles. 

(lestut.) 



a. Ohoruid. 6. Ciliary mu9clo. c. Tris. tl. Pupil. 1 and 1'. The two long oiUsiry arteriw, with 2, their oscending 
branch ot bifunsutiun; thoir dcBeviKiinq brancli of liifiircation. 4. I'lio uatoiior ciliary arteries. 5. CirciiluR 
major; 6, its branches radiating ttiroiigh tli« ms. 7, Oircnlus mimy around tlie pupil. 

• 

The nerves of the choroid and iris are derived from the ciliary branches of the lenticular 
ganglion, and the long ciliary from the nasal branch of the ophthalmic division of the 
fifth. They pierce the sclera around the entrance of the optic nerve, run forwards in 
the perichoroidal space, and supply the blood-vessels of the choroid. After reaching the 
iris they form a plexus around its attached margin ; from this are derived non-medullated 
fibres which terminate in the circular and radiating muscular fibres. Their exact mode 
of termination has not been ascertained. Other fibres from the plexus terminate in a 
network on the anterior surface of the iris. The fibres derived from the motor root of 
the lenticular ganglion (third nerve) supply the circular fibres, while those derived from 
sympathetic supply the radiating fibres. 

Membrana pupillaris .—In the foetus, the pupil is closed by a delicate 
vascular membrane, the membrana 'pupillaris^ which divides the space in which 
the iris is suspended into two distinct chambers. This membrane contains 
numerous minute vessels, continued from the margin of the iris to those on the 
front part of the capsule of the lens. These vessels have a loojied arrangement. 
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and converge towards each other without .anastomosing. Between the 
seventh and eighth month the membrane begins to disappear by absorption 
Iron) the centre towards the circumference, and at birth only a few fragments 
are present; in exceptional cases it may persist. 


III. The Retina 

The retina is a delicate nervous membrane, upon the surface of which the 
images of external objects are received. Its outer surface is in contact with 
the choroid; its inner w'ilh the vitreous body. Behind, it is continuous 
with the optic nei-ve ; it gradually diminislies in thickness from behind forwards, 
and extends nearly as far as the ciliary body, where it appears to terminate 
in a jagged margin, the ora serrata. Here the nervous tissues of the retina end, 
but a thin prolongation of the menibrane ()xtends forw'ards over the back of the 
ciliary processes and iris, forming the pars ciliaris retince and pars iridica 
retincB already referred to. This forw'ard prolongation consists of the pigment¬ 
ary layer of the retina together w'ith a stratum of columnar epithelium. The 
retina is soft, semitransparent, and of a jmrple tint in the fresh state, owing 
to the presence of a colouring material named rhodopsin or visual purple ; 
but it soon becomes clouded, opaque, and bleached when exposed to sunlight. 


Fia. 841.—The terminal portion of the optic nerve and its entrance into the eyeball, in 
horizontal section. (From Toldt’s ‘Atlas,’ published by Messrs. Bebman, Ltd., 
London.) 
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Exactly in the centre of the posterior part of tlie retina, corresponding to the 
axis of the eye, and at a point in which the sense of vision is most perfect, is 
an oval yellowish area, the yellow spot.(macula lutea) ; in the spot is a central 
depression, the/ovm centralis. At tlu^ fovea centralis the retina is exceedingly 
thin, and llie dark colour of the choroid is distinctly seen through it. It exists 
only in man, the quadrumana, and some saurian reptiles. About one eighth 
of an inch (3 mm.) to the inner side, and about 1 mm. below the level of the 
yellow 8j)ot. is tlie point of entrance of the optic nerve (porus opticus or optic 
disc), the circumference of which is slightly raised so as to form an eminence 
{colliculus nervi optici) (fig. 841) ; the arteria centralis retinas pierces its centre. 
This is the only part of the surface of the retina from which the power of 
vision is absent, and is termed the ‘ blind spot.’ 

Structure (figs. 842, 843). —The retina is exceedingly complex, and, when 
examined microscopically by means of sections made perpendicularly to its 
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Fia. 


842.—Section of retina. 
(Magniiied.) 


surface, is found to consist oi ten layers, named from witliin outwards as 
follows : 

1. Membrana limitans interna. 

2. Layer of nerve-fibres (stratum opticum). 

3. Ganglionic layer, consisting of nerve-cells. 

4. Inner plexiform layer. 

6. Inner nuclear layer, or layer of imior granules. 

6. Outer plexiform layer. 

7. Outer nuclear layer, or layer of outer granules. 

8. Membrana limitans externa. 

9. Jacob’s membrane (layer of rods and cones). 

10. Pignumted layer (tapetum nigrum). 

1. The membrana limitans interna is the innermost layer, and is in contact 
with the hyaloid membrane of the vitreous body. It is deprived from the 
supporting framework of the retina, with which it Avill be described. 

2. The layer of nerve-fibres is formed by the expansion of the optic nerve, 

the fibres of which pass through all the layers of the retina, except the mem¬ 
brana limitans interna. As the neive passes through the lamina cribrosa 
sclerae, its fibres lose their medullary sheaths and are continued onwards 
through the choroid and retina as sijiiplo axis cylinders. When these non- 
medullated fibres reach the internal surface of tlie retina they radiate from 
their point of entrance over the surface of tlie retina, grouped in bundles, 
and in many places arranged in })lexuses. Most of the fibres in this 
layer are centripetal, and are tlu5 direct continuations of the axis-cylinder 
processes of the cells of the next layer, but a f<nv of them are centrifugal 
and run through this and the next succeeding * 

layer to ramify in the irmer molecular and 
inner nuclear layers, wliere they terminate in 
enlarged extremities (fig. 843). Tlie layer 
of nerve-fibres is thickest near the optii; 
nerve disc, gradually diminishing towards the 
ora serrata. 

3. The ganglionic layer consists of a single 
layer of large ganglion-cells, except in the 
macula lutea, where there are several strata. 

The cells are somewhat flask-shaped; the 
rounded internal surface of each resting on the 
preceding layer, and sending off an axon which 
is prolonged as a nerve-fibre into the fibrous 
layer. From the opposite extremity numerous 
dendrites extend into the inner plexiform layer, 
where they branch and form flattened ar¬ 
borisations at different levels (fig. 843). The 
ganglion-cells vary much in size, and the 
dendrites of the smaller ones as a rule arborise 
in the inner plexiform laycjr as soon as they 
enter it; while those of the larger cells ramify 
close to the inner nuclear layer. 

4. The inner plexiform layer is made up of a dense reticulum of minute 
fibrils, formed by the interlacement of the dendrites of the ganglion-cells with 
those of the ceils of the inner nuclear layer, immediately to be described. 
Within the reticulum formed by these fibrils a few branched spongioblasts are 
sbmetimes imbedded. 

5. The inner nuclear layer or layer of inner granules is made up of a number 
of closely packed cells, of which there are three varieties, viz. bipolar cells, 
horizontm cells and amacrine cell.<>. 

The bipolar cells are by far the most numerous, and are round or oval in 
shape, each cell being prolonged into an inner and an outer process. They are 
divisible into rod-bipolars and cone-bipolars. The inner processes of the rod- 
bipolars run through the inner plexiform layer and arborise around the bodies 
of the cells of the ganglionic layer ; their outer.processes end in tufts of fibrils 
around the button-Hke ends of a number, of rod-fibres. The inner processes of 



a. Mombraiiii limitans interna, b. La} er 
of iiorv<i-lil)rijs. r. Uaii^Uonic layer. 
it. Inner plexilorm layer, e. Inner 
nuclear layer. /. Outer plexiform layer. 
g. Outer nuclear layer. //. ilembrana 
limitans cxtiCnm. t. ] slyer uf rods and 
cones, k. Piginentud layer, m. Pibres 
ofMliUcr. 
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the cone-bipolars ramify in the inner plexiform layer in contact with the 
dendrites of the ganglionic cells. 

The horizontal cells lie in the outer part of the inner nuclear layer and possess 
somewhat flattened cell bodies. Their dendrites divide into numerous br^ches 
in the outer plexiform layer while their axons run horizontally for some distance 
and finally ramify in the same layer. 

The amacrine cells are phujed in the inner part of the inner nuclear layer, 
and are so named because tlicy have not yet been shown to possess axis-cylinder 
processes. Their dendrites undergo extensive ramification in the inner 
plexiform layer. 

6. The outer plexiform layer is much thinner than the iimer plexiform layer ; 
but, like it, consists of a dense network of minute fibrils derived from the 
processes of the horizontal cells of the preceding layer, and the outer processes 
of the bipolar cells, which ramify in it, forming arborisations around the ends 
of the rod-fibres and with the branched foot-plates of the cone-fibres. 

7. The outer nuclear layer or layer of outer granules .—Like the inner nuclear 
layer, this layer contains several strata of clear oval nuclear bodies ; they are 

l<’iG. 843.—Plan of retinal neurons. (After Cajal.) 

Membrana 



of two kinds, and on account of their being respectively connected with the rods 
and cones of Jacob’s membrane, are named rod-granules and cone-granules. 
The rod-granules are much the more numerous, and are placed at different levels 
throughout the layer. Their nuclei present a peculiar cross-striped appearance, 
and prolonged from either extremity of the cell is a fine process; the outer process 
is continuous with a single rod of Jacob’s membrane ; the inner passes inwards 
towards the outer plexiform layer and terminates in an enlarged extremity, 
and is imbedded in the tuft into which the outer processes of the rod-bipolars 
break up. In its course it presents numerous varicosities. The cone-granules, 
fewer in number than the rod-granules, are placed close to the membrana 
Umitans externa, through which they are continuous with the cones of Jacob’s 
membrane. They do not present any cross string, but contain a pyriform 
nucleus, which almost completely fills the cell. From the inner extremity of 
the granule a thick process passes inwards to the outer plexiform layer, where 
it expands into a pyramidal enlargement or foot-plate, from which are given 
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off numerous fine fibrils, which come in contact with the outer processes of the 
cone-bipolars. 

8. The membrana limitans externa. —This layer, like the membrana limitaiis 
interna, is derived from the supporting framework of the retina, with which 
it will be described. 

9. Jacob's membrane {layer of rods and cones). —^The elements which 
compose this layer are of two kinds, rods and cones, tlic former being much 
more numerous than the latter. The rods are of nearly uniform size, and are 
arranged perpendicularly to the suiface. Each rod consists of two segments, an 
outer and inner, of about equal lengths. The segments differ from each other 
as regards refraction and in their behaviour with colouring reagents, the 
inner segment becoming stained by carmine, iodine, &c., the outer segment 
remaining unstained with these reagents, but staining yellowish-brown with 
osmic acid. The outer seg|nent is marked by transverse stria?, and tends 
to break up into a number of thin discs superimposed on one another. It also 
exhibits faint longitudinal markings. The inner segment at its deeper part 
where it is joined to the outer process of the rod-granule, is indistinctly granular ; 
its more superficial part presents a longitudinal striation, being composed 
of fine, bright, liiglily refracting fibrils. The visual purple or rhodopsin is 
found only in the outer segments. 

The cones are conical or flask-8ha]>ed, tlieir broad ends resting upon the 
membrana lirnitans externa, the narrow pointed extremity being turned to the 
choroid. Like the rods, each is made up of tivo segments, outer and inner ; 
the outer segment is a short conical j)rocess, which, like the outer segment of the 
rod, oxliibits transverse stria?. The inner segment resembles the inner segment 
of the rods in structure, pKisenting a superficial striated and deep granular 
part, but differs from it in size and sliape, being bulged out laterally and 
flask-sliaped. The clicmical and optical characters of the two portions are 
identical with those of the rods. 

10. The pigmented layer. —The most external layer of the retina, formerly 
regarded as a part of the choroid, consists of a single layer of hexagonal epithelial 
cells, loaded with pigm(?nt-granules. TJiey are smooth externally, where they 
are in contact with the clioroid, but internally they are prolonged into fine, 
straight processes, which extend between the rods, tliis being especially the 
case when the eye is exposed to light. In the eyes of albinos, the cells of the 
pigmented layer are present, but they contain no colouring matter. 

Supporting frameivork of the retina. —Almost all these layers of the retina 
are connected together by a supporting framework, formed by the fibres of 
Muller, or radiating fibres, from whicli the membranse limitans intoma et 
externa are derived. These fibres stretch between the two limiting layers. 
‘ as columns between a floor and a ceiling,’ and pass through all the nervous 
layers, except Jacob’s membrane. Each commences on the inner surface 
of the retina by an expanded, often forked, base, which sometimes contains 
a spheroidal body, staining deeply with haematoxylin, the edges of the bases 
of adjoining fibres being united to form the membrana limitans interna. As 
they pass through the nerve-fibre and ganglionic layers they give off few lateral 
branches ; in the iimer nuclear layer they givp off numerous lateral processes 
for the support of the inner granules, while in the outer nuclear layer they form 
a network around*the rod- and cone-fibrils, and unite to form the external 
limiting membrane at the bases of the rods and cones. In the inner nuclear 
layer each fibre of Muller presents a clear oval nucleus, which is sometimes 
situated at the side of, sometimes altogether within, the fibre. 

Macula Iwtea and fovea centralis. —^Tho structure of the retina at the yellow 
spot presents some modifications. In the macula lutea: (1) the nerve-fibres are 
wanting as a continuous layer ; (2) the gaimlionic layer consists of several strata 
of cells, instead of a single layer ; (3) in Jacob’s membrane there are no rods, 
but only cones, and those are longer and narrower than in other parts ; and 
(4) in the outer nuclear layer there are only cone-fibres, which are very long 
and arranged in curved lines. At the fovea centralis the only parts which 
exist are (1) the cones of Jacob’s membrane ; (2) the outer nuclear layer, the 
cone-fibres of which are almost horizontal in direction; (3) an exceedingly 
thin inner plexiform layer; (4) the pigmented layer, which is thicker and its 
pigment more pronounced than elsewhere. The colour of the macula seems to 



1024 ORGANS OF SPECIAL SENSE 

imbue aU the layers except Jacob’s membrane ; it is of a rich yellow, deepest 
towards the centre, and does not appear to be due to pigment-cells, but is simply 
a staining of the constituent parts. 

At the ora serrata the nervous layers of the retina terminate abruptly, and 
the retina is continued onwards as a single layer of columnar cells covered 
by the pigmented layer. This prolongation is known as the pars ciliaris retince, 
and can be traced forwards from the ciliary processes on to the back of the 
iris, where it is termed the pars iridica retinas or uvea. 

From the description given of the nervous elements of the retina it will 
be seen that there is no direct continuity betwison the structures which form 
its different layers except between the ganglionic and nerve-fibre layers, the 
majority of tlm nerve-fibres being formed of the axons of tlie ganglionic cells. 
In the inner plexiform layer tlie dendrites of the ganglionic layer interlace with 
those of the cells of the inner nuclear layer, whih^ in the outer plexiform layer 
a like synapsis occurs between the processes of the inner granules and the rod 
and cone elements. 

The arteria centralis retinae (flfi;. 844) and its accompanying Vein pierce the optic nerve, and 
enter the globe of the eye through the poms opticus. The artery immediately bifurcates 
into an upper and a lower branch, and civch of these again divides into an inner or nasal 
and an outer or temporal branch, which at first run between the hyaloid membrane and the 
nervous layer ; but they soon enter the latter, and pass forwards, dividing dichotomously. 
From these branches a minute capillivry plexus is given off, which does not extend beyond 

Fig. 844.—The arteria centralis retinae, yellow spot, &c.; the anterior half 
of the eyeball has been removed. (Enlarged.) 



the inner nuclear layer. Tlie macula receives small twigs from the temporal branches 
and others directly from the central artery ; those do not, however, reach as far as the 
fovea centralis, wliich has no blood-vessels. The branches of the arteria centralis retinee 
do not anastomose with each other—in other words they arc terminal arteries. In 
the feetus. a small vessel passes forwards as a continuation of the arteria centralis retinae 
through the vitreous humour, to the posterior surface of the capsule of the lens. 

Refkactikq Media 
The refracting media are three, viz. : 

Aqueous humour. Vitreous body. Crystalline lens. 

I. Aqueous Humour 

The aqueous humour fills the anterior and posterior chambers of the 
-eyeball. It is small in quantity (scarcely exceeding, according to Petit, four 
or five grains in weight) and has an alkaline reaction ; it consists mainly of 
water, less than one-fiftieth of its weight being solid matter, chiefly chloride 
of Ho^'um. 
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II. ViTEEOus Body 

The vitreous body {corpus vitreum) forms about four-fifths of the globe of 
the eye. It fills the concavity of the I’etina, and is hollow'ed in front, forming a 
deep concavity, the fossa hyaloidea, for the reception of the lens. It is perfectly 
transparent, of the consistence of thin jelly, and is composed of an albuminous 
fluid enclosed in a delicate transparent membrane, the mer/ibrana hyaloidm. 
It has been supposed, by Hannover, that from its inner surface numerous thin 
lamellae are prolonged inwards in a radiating manner, forming spaces in which 
the fluid is contained. In the adult, these lamellae caimot bo detected even 
after careful microscopit) examination in the fresh state, but in preparations 
hai-dened in weak chromic acid it is possible to make out a distinct lamellation 
at the periphery of the body; and in the foetus a peculiar fibrous texture 
pervades the mass, the fibi'es joining at numerous points, and presenting ntinute 
nuclear granules at their point of junction. In the centre of the vitreous 
humour, running from the entrance of the ojKic nerve to the posterior surface 
of the lens, is a canal, the canalis hyaloideus, filled with fluid and lined by a 
prolongation of tbe hyaloid membrane. This canal, in the embryonic vitreous 
body, conveyo'd the minute vessel from the central artery of the retina to 
the back of the lens. The fluid from the vitreous body is nearly pure water ; 
it contains, liowcwer, some! salts, and a little albumen. 

The memhravn hyaloidea encloses the whole of the vitreous body. In 
front of the ora serrata it is thickcuied by the acec'ssion of radial fibres and is 
termed the zonule of Zinv or zonvh eiliaris. H cre it presents a series of radially 
arranged furrows, in which tlie ciliary processes are ucicommodated and to wMcn 
tlu^y adhere, as is shown by the fact that when they are removed somc^of their 
j)igment remains attached to the Konulc. Tlu^ zonule of Zinn splits into two 
lay(!rs, one of wliich is thin and lines the fos.sa hyaloidea, the oth(>j is named 
the suspi‘nsory ligament of the lens ; it is thicker, and j)asscs over the ciliary 
body to be attached to tiie capsule of the lens a short distance in front of its 
equator. Scatt<u'cd and delicate fibres arc also attached to the region of the 
equator itself. This ligament retains the lens in position, and is relaxed by 
the contraction of tin; radial fibres of the Ciliary muside, so that the lens is 
allowed to become nune eemve^x. Behind the suspensory ligament there is 
a sacculated canal, th(>. CArtial of Petit, which encircles the equator of the lens 
and which (!an be easily inflat.cd through a fine blowj)ipc inserted under the 
suspensory ligament. 

No vessels penetrate the vitreous body ; so that its nut rition must be 
canied on by tlie vessels of the retina and ciliary procaisses, situated upon its 
exterior. 

III. Chystai.ijnk Lens 


Fig. 845.—^The crystalline lens, 
hardened and divided. 
(Enlarged.) 


The crystalline lens (lens crystallina), enclosed in its capsule, is situated 
immediately behind tlai iris, in front of tlu; vitreous body, and encircled by 
the ciliary processes, which slightly overlap its margin. 

The capsule of the. lens (ciapsula Icntis) is a transparent structureless 
membrane which closely surrounds the lens, aftd 
is thicker in front than behind. It is brittle 
but highly clastic, and when ruptim'd the edges 
roll up with the outer surface innermost. It 
rests, behind, in the fossa hyaloidea in the 
fore-part of the vitreous body; in front, it 
is in contact with the free border of the iris, 
but recedes from it at the circumference, thus 
forming the posterior chamber of the eye; it is 
retained in its position chiefly by the suspensory 
ligament of the lens, already described. 

The lens is a transparent biconvex body, 
thp convexity of its anterior being less than 
that of its posterior surface. The central points 
of these surfaces are termed lespectively the arUeriar and posteriw poles, A 
line connecting the poles constitutes the axis of the lens (axis lentis), while the 
marginal cireumference is termed the equator (sequator lentis). 

3 tr 
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Structure .—The lens is made up of an outer, soft part (substantia corticalis) 
and a central, firm part (nucleus lentis) (fig. 846). Faint lines (radii lentis) radiate 
from the poles to the equator. In the adult there may be six or more of these 
lines, but m the foetus they arc only throe in number and diverge from each other 
at angles of 120 degrees (fig. 846). On the anterior surface one line ascends 
vertically and the other two diverge downwards and outwards. On the posterior 
surfatse one ray descends vertically and the other two diverge upwards. They 
correspond with the free edges of an equal number of septa composed of an 
amorphous substance, which dip into the substance of the lens. When the 
lens has been hardened it is seen to consist of a scries of concentrically arranged 
lamina;, each of which is interrupted at the septa referred to. Each lamina 
is built up of a number of hexagonal, ribbon-like fibres (fibrao lentis) the edges 
of wliich are more or loss serrated—the seiTations fitting between those of 
neighbouring fibres, whDo the ends of tJie fibres come into apposition at the septa. 
The fibres run in a curved manner from the septa on the anterior surbice to 
those on the posterior surface. No fibres pass from pole to pole ; they arc 
arranged in such a Avay that those which commence near the pole on one 
aspect of the lens terminate near the peripheral extremity of the plane on the 

Fig. 846. —Diagram to sliow the direction and arrangement of the radiating lines on 
the front and hack of the foetal Ions. a. From the front, b. From the back. 




other, and vice versa. Tlie fibres of the outer laycus of the lens jire nucleated, 
and togi'llier form a layer (nuclear layer) on the surface of the lens, most 
distinct towards it.s circumfiircncc. TJic anterior surhu-e of tlie lens is covered 
by a layer of transparmit, (iolnranar. nucleated cells (epithelium lentis). At 
the equator tlie cells become elongated, and their gradual transition into lens 
fibres can lie traced (fig. 847). 

In the feetus, the lens is nearly spherical, and lias a slightly niddisli tint; 
it is not jierfo-ctly transpartmt, and is so soft as to break dowui readily on the 
slightest pressure. A small bramih from the arteria centralis retinae runs 
fonvards, as already mentioned, tJirough the vitreous body to the iiosterior 
part of the caiisule of tlie lens, where its branches radiate and form a plexiform 
network, whicli covers its surface, and they are continuous round the margin 
of the cajisule with the vessels of the pupillary membrane, and with those of 
the iris. 

In the adult, the posterior surface is more convex than the anterior ; it is 
colourless, transparent, firm in texture, and devoid of vessels. 

In old age it becomes flattened on both surfaces, slightly opaque, of an amber 
tint, and increased in density. 

Vessels and Nerves .—^Tltc arteries of the globe of theej/e arc the short, long, and anterior 
ciliary arteries, and the artcria centralis retinae. They have been already described (see 
page ’648). 

't’he cdliarg veins are seen on the outer surface of the choroid, and are named, from 
thoir arrangement, the venai vortiwsw. They converge to four or five equidistant trunks 
■which pierce the sclera midway between the margin of the cornea and the entrance of 
the optic nerve. Another set of veins accompanies the anterior ciliary arteries and opens 
into the ophthalmic vein. 

The ciliary nerves arc derived from the nasal branch of the ophthalmic nerve and 
from the oUiary or ophthalmic ganglion. 

Applied Anatomy .—From a surgical point of view the cornea may be regarded as 
consisting of three layers: (1) an external epithelial layer, developed from the ecto¬ 
derm, and continuous with the epithelial covering of the rest of the body, so that 
its lesions resemble those of the epidermis ; (2) the cornea proper, -derived from the 
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Fig. 847. — Section through the 
margin of the lens, showing the 
ti'ansition of the epithelium into 
the Icns-libres. (Babuchin.) 


mesoderm, and associated in its diseases with the fibro-vascular structures of the body; 
and (3) the posterior elastic layer with its endothelium, also derived from the mesoderm 
and having the characters of a serous membrane, so that inhammation of it resembles 
inflammation of the other serous and synovial 
membranes of the body. 

The cornea contains no blood-vessels except at 
its periphery, where numerous delicate loop.s, 
derived from the anterior ciliary arteries, may bo 
demonstrated on its anterior surface. The rest 
of the cornea is nourished by lymph, which gains 
access to the proper substance of the c.urnca and 
the posterior layer through the spaces of Fon¬ 
tana. This lack of a direct bl(H)d-suppIy renders 
the cornea very apt to inflame in the cachectic 
and ill-nourished. In cases of granvlar luh, there 
is a peculiar affection of the cornea, (^alIed pannus, 
in which the anterior layers of the cornea become 
vascularised, and a rich network of blood-vessels 
may l)o seen u))on it; and in interstitial keratitis 
new vessels extend into the cornea, g'ving it a 
pinkish hue to which the term ‘ salmon patch ’ is 
ap]>lied. The cornea is richly suf>plii'd with nerves, 
derived from the ciliary, which enter the cornea 
through the fore-part of the sclera and form 
plexuses in the stroma, terminating between the 
epithelial cells by tree ends or in corpuscles. In 
cases of glaucoma the ciliary nerves may be pressed 
upon us they course between the choroid ami 
sclera, and the cornea becomes aniesthetic. 

The sclera has very few blood-vessels and 
nerves. The blood-vessels are derived from the 
anterior ciliary, and form an ojkjii plexus in its 
substance. As they approach the corneal margin 
the arrangement is peculiar. Some branchas pass 
through the sclera to the ciliary body; others 
become superficial and lie in the e]»iscleral tissue, 
and form arches, by anastomosing with eiwh other 
some little dLslance behind the coineal margin. 

From those arches numerous straight vessels are 
given off, which run forwards to the cornea, forming 
its marginal plexus. In inflammation of the sclera 
and episcleral tissue these vessels beesuno con¬ 
spicuous, and form a pinkish /.one of straight vessels 
radiating from the coi'ncal margin, commonly 
known as the zone, of cilian/ injection. In in¬ 
flammation of the iris and ciliary body this zone is 
present, since the scler<a speedily becomes involved 
when these stnictures are inflamed. But in in¬ 
flammation of the cornea the sclera is seldom 
much affected, though the two are structurally 
continuous. This would appear to Imi due to the 
fact, that the nutrition of the cornea is derived from« 
a different source than that of the sclera. The 
sclera may be ruptured 8ubcutane<msly without any 
laceration of tlie conjunctiva tuid the rupture 
usually occitrs near the corneal margin, where the 
tunic is thinnest. It may l)e complicated with 
lesions of adjacent parts—laceration of the choroid, 
retina, iris, or suspensory ligament of the lens— 
and is then often attended with haemorrhage into 
the anterior ohamlier, which masks the nature of the 
injury. In some cases the lens has escaiied through 
the rent in the sclera and has lieen found under the 
conjunctiva. Wounds of the sclera are always 
dangerous, and are often followed by inflammation, 
suppuration, and by sympathetic ophthalmia. 

One of the functions of the choroid is to provide nutrition for the retina, and to convoy 
vessels and nerves to the ciliary body and iris. Inflammation of the choroid is therefore 
followed by grave disturbances in the nutrition of the retina, and is attended with early 
interference with vision. Its diseases bear a considerable analogy to those which affect 
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the skin, and it is one of the places from which melanotic sarcomata may grow. These 
tumours contain a largo amount of pigment in their cells, and originate only in those parts 
where pigment is naturally present. 

The iris may be absent, either in part or altogether as a congenital condition, and in 
some instances the pupillary membrane may remain persistent, though it is rarelydoomplete. 
Again, the iris may bo the seat of a malformation, termed colohoma, which consists in 
a deficiency or cleft, clearly due in a great number of cases to an arrest in development. 
In these cases it is found at the lower aspect, extending directly downwards from the 
pupil, and the gap frequently extends through the choroid to the entrance oi the optic 
nerve. In some rarer cases the gap is found in other parts of the iris, and is not then 
associated with any deficiency of the choroid. Wounds of the iris, especially if complicated 
with injury to the ciliary body, may bo followed by serious consequences. If septic 
matter is introduced, and a suppurative inilammation is set up, complete loss of vision 
may result; and, what is perbaj)s of greater consequence, simOar infiammatory changes 
may be set up in the sound eye, from spreading of the infective process through the con¬ 
nective tissue surroimding the optic nerve to the commissure, and thence down the opposite 
nerve to the sound eye. The iris is abundantly supplied with blood-vessels and nerves, 
and is very prone to become inflaraed, and when inflamed, in consequence of the intimate 
relationship which exists between the- vessels of the iris and choroid, this latter tunic is 
very liable to participate in the inflammation. The iris is covered with epithelium, and 
partakes of the character of a serous membrane, and, like these structures, is apt to pour 
out a plastic exudation, when inflamed, and contract adliesions, either to the cornea in 
front {synechia anterior), or to the capsule of the lens behind {synechia posterior). In iritis 
the lens may Isscome involved, and the condition known us secondary cataract may 
be set up. Tumours occasionally commence in the iris; of these, cysts, which are 
usually congenital, and sarcomatous tumours, are the must common. Gummata are not 
infrequently found in this situation. In some forms of injury of the eyeball, as from the 
impact of a spent shot, the rebound of a twig, or a blow with a whip, the iris may be 
detached trom the Ciliary muscle, the amount of detachment varying from the slightest 
degree to separation of the whole iris from its ciliary connection. 

The retina, with the exception of its pigment layer and its vessels, is perfectly 
transparent when examined by the ophthalmoscojte, so that its diseased conditions are 
recognised by its loss of transparency. In retinitis, for instance, there is more or loss 
dense and extensive opacity of its structure, and not infrequently extravasations of blood 
into its substance. Hsemorrhages may also take place into the retina, from niptui’e of 
a blood-vessel without inflammation. The retina may become displaced from ellusion 
of serum between it and the choroid, or by blows on the ejmball, or may occur without 
ap])arent cause in progre.ssive myopia, and in this case the ophtljalmoscope shows an 
opaque, tremulous cloud. Glioma, a form of sarcoma, and essentially a disease of early 
life, is occasionally met with in connection with the retina. 

The lens has no blood-vessels, nerves, or connective tissue in its structure, and therefore 
is not subject to those morbid changes to which tissues containing these structures are 
liable. It does, however, present (icrtain morbid or abnormal conditions of various kinds. 
Thus, variations in shape, and displacements, are among its congenital defecsts. Opacities 
may occur from injury, senile changes, or malnutrition. These opacities give rise to cataract, 
of which the senile variety is the most common. They vary as to the jrart of the lens in 
which the opacity commences, and are classified accordingly, os nuclear, cortical, lamellar, 
anterior and posterior polar. Senile changes may take place in the lens, impairing its 
elasticity and i-endering it harder than in youth, so that it loses its power of altering its 
curvature to suit the requirements of near vision. This condition is known as presbyopia. 
And, finally, the lens may be dislocated or displaced by blows upon the eyeball; and its 
relations to surrounding structures altered by adliesions or the pressure of new growths. 

There are two particular regions of the eye which require special notice: one of these 
is known as the ‘ filtration area,’ and the other as the ‘ dangerous mm.’ The Jiltration 
area is the circumcorneal zone immediately in front of the iris. Here are situated the 
cavernous spaces of Fontana, which communicate with the canal of Schlemm through 
which the chief transudation of fluid from the eye is believed to take place. If any obstruc¬ 
tion to this transudation occur, increased intra-ocular teusiem is set up, and the disease 
known as glaticoma results. The dangerous area of the eye is the region in the neighbourhood 
of the ciliary body, and wounds or injuries in this situation are peculiarly dangerous ; 
for inflammation of the ciliary body is apt to spread to many of the other structures 
of the eye, especially to the iris and choroid, which are intimately connected with it by 
nervous and vascular supplies. 


ArpEsriiAQBS of tub Eye 

The appendages of the eye (organa oculi accessoria) include the eyebrows, 
the eyelids, the conjunctiva, and the lachrymal apparatus, viz. the lachrymal 
gland, the lachrymal sac, and the nasal duct. 
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The eyebrows (supercilia) are two arched eminences of integument, which 
surmount the upper circumference of the orbit on either side, and support 
numerous short, tliick hairs, directed obliquely on the surface. In structure, 
the eyebrows consist of thickened integument, connected beneath with the 
Orbicularis palpebrarum, Corrugator supercilii, and Occipito-frontalis muscles. 
These muscles serve, by their action on this part, to (iontrol to a certain extent 
the amount of light admitted into the eye. 

The eyelids (palpebrse) are two thin, movable folds, placed in front of the 


Fig. 848. —^Vertical section throngh the upper 
eyelid. (After'Waldeycr.) 



a. .Skill. ■ b. Orhioulitrirt paliK'hr.iniw.. I fitidoiilu..! 

ot Orbiuularis (oiUnry bumllp). c. l-cvator paliii'bnp. 
(i., Cimjiinutiva. e. Carnal tilatc. i. jMciboinia’i L'liinii. 
£r.”Sebaceou« gland. A. JCyi' i. Small hairs of skin. 

^.‘Swcut-glantls. k. INiattirior tursal luiids. 


eye, protecting it from injury by 
tlieir closure. The ujiper lid is 
the larger, and the more movable 
of the two, and is furnished with 
an elevator muscle, the Levator 
pal|>ebrfe superioris. When the 
eyelids are open, an elliptical 
space (rima palpebrarum) is left 
between their margins, the angles 
of wliich corresijond to the 
junctions of the upper and lower 
lids, and arc called cardhi. 

The outer canthus (commis- 
snra palpebi'arum lateralis) is 
more acute than the iimcr, and 
the lids here lie in close contact 
with the gl(>l)c : hut the inner 
emxthus (comniissura jialpebrarum 
mcdialis) is ^nolonged fRr a sliort 
distance inwards towards the 
nose, and tlie two lids are 
separated b}' a triangular space, 
tlm larus Incrimalis. At the basal 
angles of tlie lacus lacriinalis, on 
th<i margin of each eyelid, is 
a small conical cle.vation, the 
lachrymal pajnlla, the apex of 
which is pierced by a small 
oriticc.the punctum lacrhnale, the 
commencement of the laelirymal 
eanal. 

The eyelashes {cilia) are 
attached to the free edges of the 
eyelids; they are sliort, thick, 
curved hairs, arranged in a double 
or triple row at the margin of the 
lids : those of the upper lid, more 
numerous and longer than those 
of the lower, curve upwards; those 
of the lower lid curve downwards, 
so that they do not interlace in 
closing the lids. Near the attach¬ 


ment of the eyelashes are the 
openings of a number qf glands, glands of Moll, arranged in several rows close 
to the free margin of the lid. They arc regarded as enlarged and modified 
sweat-glands. 

Structure of the eyelids. —The eyelids are composed of the following 
structures taken in their order from without inwards; integnment, areolar 
tissue, fibres of the Orbicularis muscle, tarsal plate and its ligament, Meibomian 
glands and conjunctiva. The upper lid has, in addition, the aponeurosis of 
the Levator palpebras (fig. 848). 

The integument is extremely thin, and continuous at the margins of the 
lids with the conjunctiva. 

The svbcvianeous areolar tissue is very lax anj). delicate, seldom contains 
any fat, and is extremely liable to serous infiltration. 



1030 


ORGANS OF SPECUL SEl^SE 


The palpebral fibres of the Orbicularis muscle are thin, pale in colour, and 
possess an involuntary action. 

The tarsal plates (fig. 849) are two thin elongated plates of dense connective 
tissue, about an inch in length. They are placed one in each lid, and contribute 
to its form and support. The superior tarsal plate (tarsus superior), the larger, 
is of a semilunar form, about one-third of an inch in breadth at the centre. 

Fra. 849.—^Tho tarsal plates and their ligaments. Right eye’; front view. (Testut.) 



and gradually narrowing towards each of its extremities. To the anterior 
surfjwjo of this plate the aponeurosis of the Levator })al])obra? is attached. The 
infejrior tarsal plate (tarsus inferior), the smaller, is thinner, and of an clli}>tical 
form. Tho/ree or ciliary margins of these plates are thick, and present penectly 
straight edges. The attached or orhihd margins are connected to the circum¬ 
ference of tlie orbit by tlie superior and inferior palpebral ligaments. Thetmfer 



angles are attached to the malar bone by the external tarsal ligament. The 
inner angles of the two plates end at the lacus lacrimalis, and are attached to 
the frontal process of the maxilla by the internal tarsal ligament or tendo ocuU. 

The palpebral ligaments are membranous expansions situated one in each lid, 
and attached, marginally to the edge of the orbit, where they are continuous 
with the periosteum. The superior ligament blends with the tendon of the 
Levator palpebrae and the superior tarsal plate, the inferior with the inferior 
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tarsal plate. Externally the two ligaments fuse to form the external tai-sal 
ligament, just referred to ; internally they are much thinner and, becoming 
separated from the internal tarsal ligament, are fixed to the lachrymal bone 
immediately behind the lachrymal sac. Together, the h'gaments form an 
incomplete stipturn, the septum orhitalc, which is perforated by the vessels and 
nerves which pass from the orbital cavity to the face and scalp. 

The Meibomian glands (glandulae tarsales) (fig. 850) are situated upon the 
inner surfaces of the eyelids, between the tarsal plates and conjunctiva, .and 
may be distinctly sticn tlirougli tlw^ mucous membrane on evei-ting the eyelids, 
presenting an appearance like parallel strings of pearls. They are about thirty 
in numbtir in the u})i)er eyelid, and somewhat fewer in the lower. Tln^y are 
imbedded in grooves in the inner surfaces of the tarsal plates, and correspond in 
length with the breadth of <^aeh plate ; they aj’o, consc(juently, longer in the 
upper than in the lower eyelid. 'I’heir ducts open on the free margins of the lids 
by minute foramina whujh correspond in number to the follicles. The use of 
their secretion is to prevent adhesion of the lids. 

Structure.— These glands are a variety of the cutaneous st^baceous glands, 
eaeli consisting of a single straight tube or follicle, having a ea‘e.nl termination, 
and with numerous small lat(!ral diverticula oj)ening into it. The tubes are 
8upf)ortod by a basement, membrane, and are fined at their mouths by stratified 
epitludium ; the deeper parts of tto tubes and the late^ral offshoots are lined 
by a laye.r of polyhedral cells. They arc thus identical in structure with the 
sebaceous glands. 

The conjunctiva is the mucous mcnibrano of the oye. It lines the inner 
surfaces of tlie cyefids, and is reflected over the fore-part of the sclera and 
eormui. In each of these situations its structure i)rcsont8 some jicculiarities. 

The palpebral portion is thick, oi)aque, higlily vascular, and covwed with 
numerous papilla;, its deeper p.artK ynvsenting a considerable, amount of 
lymphoid tissue. At the margins of the lids it becomes continuous with the 
lining membrane of the ducts of the Meibomian glands, and, through the 
hudirynial canals, with the lining membrane of the lachrymal sat; and nasal 
duct. At the out(ir angle of the upper fid tlie lachrymal ducts ojjcn on its free 
surface ; and at tlie. inner angle of th<; eye it forms a semilunar fold, the plica 
semilunaris. IMie line of reflection of the conjunctiva from the upper lid on 
to tlu; eyeball is named i\io fornix conjunctivoB superior and that from the lower 
lid the fornix conjunctit'ce inferior. Upon the sclera the conjunctiva is loosely 
connected to the globe ; it beeonies thinner, loses its pajiillary structure, is 
transparent, and only slightly vascular in health. Upon the cornea, the 
conjunctiva consists only of (‘jiithelium, constituting the stratified epithelium 
of the cornea, already described (see page 1013). Jjympluttics arise in the 
conjunctiva in a delicate zone around the cornea, from which tJie vessels run 
to tile ocular conjunctiva. 

In and near tlie fornices, but more plentiful in the upp«!r tlian in the lower 
lid, a number of convoluted tubular glands open on tJie surface of the con¬ 
junctiva. Otli(;r glands, analogous to lymphoid follicles, and called by Henlo 
trachoma glands, are found in the conjunctiva, and, according If) Strohmeyor, are 
chiefly situated near the imuT canthus of the eye. They were first described 
by Brush, in his desfuiptioii of Peyer’s p.■^lcllcs of the small intestine, as 
‘ identical structhres exist ing in the under ej'olid of the ox.’ 

The emuncula lacrimalis is a small, reddish, conical-shaped body, situated 
at the inner canthus of the eye, and filling up the lacus lacrimalis. It consists 
of a small island of skin containing sebaceous and sweat glands, and is the 
source of the whitish secretion which constantly collects at the inner angle 
of the eye. A few slender hairs arc attached to its surface. On the outer side of 
the caruncula is a slight semilunar fold of mucous membrane, the concavity of 
which is directed towards the cornea ; it is called the plica semilunaris. Muller 
found smooth muscular fibres in this fold, and in some of the domesticated 
animals a thin plate of cartilage has been discovered. This structure is 
considered to be the rudiment of the third eyelid in birds, the membrana 
niciitans. 

The nerves in the conjunctiva are numerous and form rich plexuses. According to 
Krause they terminate in a peculiar form of tactile corpuscle, which he terms ‘ terminal 
bulb.’ 
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LachrymaI/ ArPAHATirs (fig. 851) 

The lachrymal apparatus (apparatus lacrimalis) consisU.pf.the lachrymal 
gland which secretes the tears, and its excretory ducts u^hich convey the fluid 
to the surface of the eye ; the fluid is c^iied a way by the lachrymal canals into 
the lac hiwm aLsac. and along &e the cavity of the nose. 

The Tacfirymal gland is lodged in tlio lachrymal fossa, on the inner side of 
afc;-the external angular process of the frontid bone. It is of an oval form, about 
the size and shape of an almond, and consists of an upper and a lower portion. 
The upper portion {ghindula lacrimalis superior) is connected to the periosteum 

' of the orbit by a few fibrous* 
bands, and rests upon the Superior 
and External recti, which 
separate it from the globe of the 
we. Tire lower part {glandula 
Mcrimalis inferior) is separated 
from the upper by a fibrous 
septum, and projects into the 
back part of the upper eyelid, 
where its deep surface is related 
fo the conjunctiva. ThcducJtiSof 
tlie gland, from six to twelve in 
number, run obliquely beneath 
the mucous membrane for a short 
disiance, and, separating from 
each other, open by a series of 
nmiute oiifices on the, upiier and 
outer half of the eonjimetiva, 
near Ihe su])erior fornix. I'liese 
oi ifices are airangcid in a row, so 
as to disjierse the secretion over 
tlie surface of the membrami. 
Structure of the lachrymal gland 
(fig. 852).—Ill structure and general appearance the lachrymal resembles the 
serous salfvary glands (page 1112}. In the recent slate the (;ells are so crowded 
with granules that their limits can haidly be defined. They contain oval 
nuclei, and the cell protoplasm is finely fibrillated. 

. The lachrymal canals (ductus laciim ales) eomtneucc at the minute, orifices, 
^mneta lacrimulia, on the summit of small conical elevations, the papillce 
lacrimaleji, seen on the margins of the lids, at the outer extremity of the lacus 
lacrimalis. The superior caned, the smaller and shorter of the two, at first 
ascends, and then bends at aiiSracutii angle, 
and passes inwards and downw'ards to the 
lachrymal sac. Tlic inferior canal at first 
descends, and then passes almost horizontally 
inwards to the lachrymal sac. • They are 
dense and elastic in structure and are dilated 
into ampullcB at their angles. The mucous 
membrane is covered with stratified scaly 
epithelium, placed on a basement membrane. 

Outside the latter is a layer of strii)ed 
muscle, continuous with the Tensor tarsi; 
at the bases of the lachrymal pajulla; the 
fibres of this layer are circularly arranged 
and form a kind of sphincter. 

The lachrymal sac (sac^cus lacrimalis) is the upper dilated extremity of the 
nasal duet, and is lodged in a deep groove formed by the lachrymal bone 
and frontal process of the maxilla. It is,oval in form, its upper extremity 
being closed in and rounded, wdiile below, it is continued into the nasal duct. 
It is covered by a fibrous expansion derived from the tendo oculi, and on its 
deep surface it is crossed by the Tensor tarsi muscle (Homer’s muscle, page 460), 
which is attached to the ridge on the lachrymal bone. 


Fig. 852,—Alveoli of laohiymal 
gland. 



Fig. 851.—^The lachrymal apparatus. 
Bight side. 
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Structure. —The lachrymal sac consists of a fibrous elastic, coat, lined 
intema,lly by mucous membrane : the latter being continuous, through the 
lachrymal canals, with the mucous lining of the conjimctiva, and through 
the nasal duct with the mucous membrane of the nose. 

Tlie nasal duct (ductus nasolaorimalis) is a membranous canal, about 
three-quarters of an inch in length, which extends from the lower part of the 
lachrymal sac to the inferior meatus of the nose, where it terminates by a 
somewhat expanded orifice, provided with an imperfect valve, the pKca l«cn- 
malis (Hasneri), formed by a fold of the mucous membrane. It is contained 
in an osseous canal, formed by the maxilla, the lachrymal, and the inferior 
turbinated, is narrower in the middle than at cither extremity, and takes 
a, direction downwards, backwards, and a little outwards. It is lined by 
mucous membrane which is continuous below with that of the nose. This 
membrane in the lachrymal sac and nasal duct is covered with columnar 
epithelium as in the nose ; this epithelium is in places ciliated.. 

Surface Form .—^Tlie palpebral fissure, or opening between the eyelids, is elliptical in 
' shape, and difiers in size il! different individuals and in different races of mankind. In 
the Mongolian races, for instance, the opening is very small, merely a narrow fissure, 
and this makes the eye appear small in these races, whereas tl»e size of -the eyeball is 
relatively very constant. The normal form c the fissure is oblique, in a direction uiJwards 
and outwards, so that the outer angle is on a slightly higlier level tlian the inner. This 
is exaggerated in fhe Mongolian races, in whom, owing to the upwaid projection of 
the malai' bone and tlie shortness of the external angular process of the frontal bone, 
the tarsal plate of the upper lid is raised at its outer part, and gives a very oblique direction 
to the pali)ebral lissure. When the eyes are directed forwards, as in ordinary vision, 
the upper i)art of tlie cornea is coverid by the upper lid, and the lower margin of the 
cornea corresponds to the level of the lower lid, so that about the lower thrce-fohrths of 
the cornea are exposed under ordinary circiumstaiiccs. 

On the margins of the lids, about a quarter of an inch from the inner canthus, are 
two small openings, the pimcia lacrimalia, the commoncemont of the lachrymal canals. 
They are best seen by everting the cyeliils. In the natural condition they are in contact 
with the conjunctiva of the eyeball, and are maintainod in this position by the Tensor 
tarsi muscle, so that the tears running over the surface of the globe easily find their way 
into the lachrymal canals. 'I’he position of the lachrymal sac into which the canals open 
is indicated by a little tubercle (page. 282), which is plainly to be felt on the lower margin 
of the orbit. Tlie lachrymal sac lies immediately above and to the inner side of this 
tubercle, and a knife passed through the sliin in this situation would open the cavity. 
The position of the lac-hrymal sac may also be indicateil by the tondo oculi, or mtemal 
tarsal ligament. If both lids he drawn outwards so as to lighten the skin at the inner angle, 
a prominent cord will be seen beneath the tightened skin. This is the tendo oculi, which 
lies directly over the lachrymal sac. bisecting it, and thus forming a useful guide to its 
situation. A knife entered immediately beneath the tense cord w'oiild open the lower pari 
of the sac. A probe introduced through this oponmg can he readily passed downwards, 
through the duct into the inferior meatus of the nose. The direction of the duct is 
dowfwards, outwards, and backw'ards, and this course i^hould bo borne in mind in passing 
the probe, othorwiso the point may be driven through the thin bony walls of the canal. 
A convenient plan is to direct the probe in such a manner, that if it were pushed onwards 
it would strike the first molar tooth of the mandible on the same side of the head. In other 
words, the surgeon standing in front of his patient should carry in his mind the position of 
the first molar tooth, and should push his probe onwards as if ho desired to roach this 
struotuie. ^ ' 

Beneath the internal angular process of the frontal bone, the pulley of the Superior 
oblique can be plainly felt by pushing the finger backwards between the upper and inner 
angle of the eye and the roof of the orbit; passing backwards and outwa^ from this 
pulley the tendon can be felt for a short distance. 

Applied Anatomy ,—The eyelids are composed of various tissues, and consequently 
are liable to a variety of diseases. The skin .which covers them is exceedingly thin and 
delicate, and is sup 2 )ortod on a quantity of loose areolar subcutaneous tissue, which 
contains no fat. In consequence of this it is very freely movable, and is liableT to be drawn 
down by the contraction of neighbouring cicatrices, and thus produce an eversion of the 
lid, known as ectropion. Inversion of the lids (entropion) from spaam of the Orbicularis 
palpebrarum or from obronic ihfiatnmation of the palpebral conjunctiva may also occur. 
The eyelids are richly supplied with blood, and are often the seat of vasciuar growths, 
such as naivi. Rodent ulcer frequently commences about the inner canthus. The 
loose cellular tissue beneath the sldn is liable to become extensively infiltrated either 
.with blojjd or inflammatory products, producing very great swelling. Even from very 
slight inj^ibs to this tissue, the extravasation of blood may be so great as to produce 
considerable swelling of the lide and complete closure of the eye, and the same is the ease 
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■when inflammatory products are poured out. The follicles of the eyelashes, or the seba¬ 
ceous glands associated with these follicles may, bo the seat of inflammation, constituting 
the ordinary ‘ sty.’ The Meibomian glands are affected in the so-called ‘ tarsal tumour ’: 
the tumour, according to some, being caused by the retained secretion of these glands; 
by others it is boliev^ to be a neoplasm connected with the gland. The ciliaty loilicles 
are liable to become inflamed, constituting the disease known as blepharitis cAliaria or ‘ blear 
eye.’ Irregular or disorderly growth of the eyelashes not infrequently occurs; some 
of them being turned towa^ the eyeball and producing inflammation and ulceration 
of the cornea, and possibly eventually complete destruction of the eye. The Orbicularis 
palpebrarum may be the seat of spasm, either in the form of slight quivering of the lids ; 
or repeated twitchings, most commonly duo to en-ors of refraction in children ; or more 
continuous spasm, due to some irritation of the fifth or seventh cranial nerve. The Orbi¬ 
cularis may be paralysed, generally associated with paralysis of the other facial muscles. 
Under these circumstances the patient is unable to close the lids, and, if he attempts to 
do so, rolls the eyeball upwards under the upper lid. The tears overflow from displacement 
of the lower lid, and the conjunctiva and cornea, being constantly exposed and the patient 
being unable to wink, become irritated from dust and foreign bodies. Ptosis, or dropping 
of the upper eyelid, may be congenital, or may be due to paralysis of the l.fivator palpebraj 
Buperioris, in which case there will probably be other s 3 miptoms of implication of the 
third nerve. The eyelids may be the seat of bruises, w ounds, or burns. Following burns, 
adhesion of the margins of the lids to each other, or adliesion of the lids to the globe, may 
take place. The eyelids are sometimes the seat of emphysema, after fracture of some of 
the thin bones forming the inner wall of the orbit. If shortly after such an injury the 
patient blows his nose, air is forced from the nostril through the lacerated structures 
into the connective tissue of the eyelids, which suddenly swell up and jiresent the peculiar 
crackling characteristic of this allection. 

Foreign bodies frequently get into the conjimctival sac and cause great pain, especially 
if they come in contact with tlio corneal surface, during the movements of the lid and 
the eye on etich other. 'J’hc conjunctiva is often involved in severe injuries of the 
eyeballrbut is seldom ruptured alone; the most common form of injury to the conjunctiva 
alone is from a burn, either from fire, strong acids, or lime. In these cases union is liable 
to take place between the eyelid and the eyeball. The conjunctiva is often the seat of 
inflammation arising fi'om many dillerent causes, and the arrangement of the conjunctival 
vessels should be remembered as affording a means of diagnosis between this condition 
and injection of the sclera, which is present in inflammation of the deeper structures 
of the globe. The inflamed conjunctiva is bright red; the vessels are large and tortuous, and 
greatest at the circumference, shading off towards the corneal margin ; they anastomose 
freely and form a dense network, and they can be emptied or displaced by gentle pressure. 
Inflammation of the underlying sclera, ciliary body, or iris, is a far more serious 
condition; the injection is in the deeper vessels of the eye, and as setm through the 
scilera presents a diffuse and dull purplish or violet zone of circurncorncal <lis«!oloration. 

The lachrymal gland is occasionally, though rarely, the seat of inflammation, either 
acute or chronic ; it is nlso sometimes the scat of tumours, benign or malignant, and for 
these may require removal. This may lie done by an incision through the skin, just lielow 
the eyebrow ; and the gland, being invested with a special cnpsule of its own, may be 
isolated and removed, without opening the general cavity of the orbit. The caualiculi 
may be obstructed, either as a congenital defect, or by some foreign body, as an eyelash 
or a dacryolith, causing the tears to run over the cheek. The canaliculi may also become 
occluded as a result of burns or injury ; overflow of the tears may in addition result from 
deviation of the puncta, or from chronic inflammation of the lachrymal sac. This latter 
condition is sot up by some obstruction to the nasal duct, frequently occurring in tuber¬ 
culous subjects. In consequence of this the tears and mucus accumulate in the lachrymal 
sac, distending it. Suppuration in* the lachrymal sac is sometimes met with ; this may 
be the sequel of a chronic inflammation ; or may occur after some of the eruptive fevers, 
in cases where the lachrymal passages were previously quite healthy. It may lead to 
lachr 3 anal fistula from an abscess forming in the sac, which bursts or is openm on the 
surface; and this condition is often seen in badly nourished, tuberculous children. 


THE EAR 

The organ of hearing (organon auditus) is divisible into three parts : the 
external ear, the middle ear or tympanum, and the internal ear or labyrinth. 

The Extbknal Eak 

The external ear consists of the expanded portion named the pinna 
or auricula, and the atiditory canal or mexitua. The former serves to collect 
the vibrations of the air by which sound is produced; the latter conducts those 
vibrations to the tympanum. 
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The pinna or auricula (fig. 863) is of an ovoid form, with its larger end 
directed upwards. Its outer surface is irregularly concave, directed slightly 
forwards, and presents numerous eminences and depressions to which names 
have been assigned. Thus the external prominent rim of the auricle is called 
the hdix. Where the helix turns downwards behind, a small tul^rcle, the tvherde 
of Danoin (tuberculum auriculae) is frequently seen. This tubercle is very 
evident about the sixth month of fostal life ; at 

this stage the human pinna has a close resem- PiQ, 863.—The pinna, or auricle, 
blance to that of some of the adult monkeys. Outer surface. 

Another curved prominence, parallcd with and 
in front of the heUx, is called the antihelix ; this 
divides above into two crura, which enclose a 
triangular depression, the fossa of the, antihelix 
{fossa triangularis). The narrow curved de¬ 
pression between the helix and the antihelix is 
called tho/ossa oftJic helix {scayha) ; the antihelix 
describes a curve round a deep, capacious 
cavity, the omicha auricAilce, which is partially 
divided into two parts by the crus helicis or the 
commencement of the helix ; the upper part is 
termed the eynibn conchce, tlie lower part the 
cavum concluH. In front of the conclia, and 
projecting backwards over the meatus, is a small 
pointed eminence, the tragus : so called from 
its being generally covered on its under surface 
with a tuft of hair, resembling a goat’s beard. 

Opposite the tragiis, and separatt;d from it by 
a deep notch {incisura inlerlragica), is a small 
tubercle, the antitragus. Below this is the 
lobule (lobulus auricula?), composed of tough 
areolar and tidiposo tissues, and wanting the firmness and elasticity of the 
rest of the pinna. 

The cranial surface of the pinna pr«?sents elevaf ions wliich eorresimnd to the 
dej)ressions on its outer surface and after whicli they ai e named, c.g. cunineiitia 
concha?, omimuitia triangularis, &c. 

Utructvre, of the pinna. —The pinna is composed of a thin plate of yellow 
fibro-cartilagc, covered with integument, atnl connected to the suiTOunding 



Fm. S-W.—Crnnial .surface of cartilage of light jiitina. 



parts by the extrinsic ligaments and muscles ; and to the commencement of 
the external auditoiy canal by fibrous tissue. 

The irUegument is thin, closely adherent to the cartilage, and covered with 
hairs furnished with sebaceous glands which are most numerous in the concha 
and scaphoid fossa. The hairs are most numerous and largest on the tragus 
and antitragus. 
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The cartilage of the pinna (cartilage auriculae) (figs. 864, 866) consists of one 
single piece; it gives form to this part of the ear, and upon its surface are found 
all the eminences and depressions above- described. It does not enter into the 
construction of all parts of the auricle; thus it does not form a constituent part 

of the lobule ; it is deficient, 
Fio. 855.—The muscles of the pinna. also, between the tragus and 

beginning of the helix, the gap 
being filled up by dense fibrous 
tissue. At the front part of 
the pinna, where the helix 
bends upwards, is a small pro¬ 
jection of cartilage, called the 
spina hdicis, while the lower 
part of the helix is prolonged 
downwards as a tail-like pro¬ 
cess, the cauda hdicis ; this is 
separated from the antihelix by 
a fissure, the Jisswra antitrago- 
hdicina. The cranial aspect of 
the cartilage exhibits a trans¬ 
verse furrow, the sulcus anti- 
helicis tramversus, which cor¬ 
responds with the inferior crus 
of the antihelix and separates 
the prominence produced by 
tile concha from that caused 
by the fossa triangularis. The 
eminentia conchie is crossed by 
a vertical ridge {porUiculus) 
which gives attachment to the 
Rtilrahens auriculain muscle. 
The cartilage of the pinna 
presents several intervals or 
fissures in its substance, which 
partially separate the different 
parts. The fissure of the helix is a short vertical slit, situated at the fore¬ 
part of the pinna. Another fissure, the fissure of the tragus, is seen upon 
the anterior surface of the tragus. The cartilage of the pinna is of that form 
whicli is known as j^ellow fibro-cartilage. 

Tlie ligaments of the pinna oousist of two sets: (1) extrinsic, connecting it to the side of 
the head ; (2) intrinsic, connecting various parts of its cartilage together. 

The extrinsic ligaments arc two in numlicr, anterior and posterior. The anterior ligament 
extends from the spina heiifis and tragus to the root of the zygoma. The posterior 
ligament passes from the posterU)r surface of the concha to the outer surface of the mastoid 
process of the temporal bone. 

The chief intrinsic ligaments are: (a) a strong fibrous band, stretching across from 
the tragus to the cornmoncement ef the helix, completing the meatus in front, and partly 
encircling the boundu-ry of the concha ; and (h) a band which extends between the antihelix 
and the cauda helicis. Other less important bands are foimd on the cranial surface of the 
pinna. 

The muscles of the. pinna (fig. 855) consist of two sets : (1) the extrinsic, which cormect 
it with the side of the head, moving the j'inna ns a whole, viz. the Attollens, Attrahens, 
and Retrahens auriculam (page 45ft); and (2) the intrinsic, which extend from one part of 
the auricle to another, viz.: 

HelUiis major. Antitragicus. 

Hdicis minor. Tfansversus auriculw^ 

Tragicus. Obliquus auriculae. 

Thb Udicis major is a narrow vertical band of muscular fibres, situated ^upon the 
anterior margin of the helix. It arises below, from the crus helicis, and is inserted into 
the anterior border of the helix, just where it is about to curve backwards. 

The Helicis minor is an oblique fasciculus, which covers the crus helicis. 

The Tragicus is a short, fiattenad vertical band of muscular fibres situated upon the 
outer surface of the tragus. 
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The AntUraguMs arises from the outer part of the antitragus: its fibres are inserted 
into the cauda helicis and antihelix. This muscle is usually very distinct. 

The Tranaveraus awricnlaa is placed on the cranial surface of the pinna. It consists 
of scattered fibres, partly tendinous and partly muscular, extending from the convexity 
of the concha to the prominence corresponding with the groove of the helix. 

Fiq. 856.— k. front view of the organ of hearing. Bight aide. 
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The Ohliquua avrir.uloe consists of a few fibres extending from the upper and back pait 
of the concha to the convexity immediately above it. 

The arteries of the pinna are the posterior auricular from the external carotid, the 
anterior auricular from the temporal, and an auricular branch from the occipital artery. 
The veins accompany the corresponding arteries. 

Fig. 857.—^Horizontal section through left oar; upper half of section. 
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The nerves are; the great auricular, from the cervical plexus; the auricular bninoh 
of the pneumogastric; the auriculo-temporal branch of the inferior maxillary nerve; 
the small occipital from the cervical plexus, and the groat occipital or internal branch of 
the posterior primary division of the second cervical nerve. The muscles of the pinna are 
supplied by uie facud nerve. 

«. Thefauditory cwal (meatus acusticus externus) extends from tho bottom 
of the concha to the membrana tympani (figs. 866, 867). It is about an inch and 
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a half in length if measured from the tragus; from the bottom of the concha its 
length is about an inch. It forms a sort of S-shaped curve, and is directed af 
first inwards, forwards, and slightly upwards (pars externa) ; it then passes 
inwards and backw^ards (pars media), and lastly is earned inwards, forwards, 
and slightly downwards (pars interna). It forms an oval cylindrical canal, the 
greatest diameter being in the vertical direction at the external orifice, but 
nearly in the horiKontal direction at the tympanic end. It presents two con¬ 
strictions, one near the inner end of tlie cartilaginous portion, and another, the 
isthmus, in the osseous portion, about tJiret^-quarters of an inch from the bottom 
of the concha. The membrana tympani, wliicli closes the iimer end of the 
meatus, is obliquely directed; in consequence of this the floor of the canal 
is longer than the roof, and the anterior wall longer than the posterior. The 
auditory canal is formed partly by cartilage and membrane, and partly by bone, 
and is lined by skin. 

The cartilaginaus portion is about one-third of an inch (8 mm.) in length; 
it is continuous M’ith the cartilage of the pinna, and firmly attached to the 
circumference of the auditory process of the temporal bone. Tlio cartilage is 
deficient at its u])per and back part, its place btiing sup2)lied by fibrous 
membrane. 'I’liis part of the canal is rendered freely movable by two or 
three deep fissures (incisurm Santorini) which extend through the cartilage in 
a vertical direction. 

The osseous j)ortio 7 i is about two-thirds of an inch (16 mm.) in length, and 
narrower than the cartilaginous portion. It is directed inwards and a little 
forwards, forming in its course a slight curve the convexity of which is upwards 
and backwards. Its inner end, which eoninumicates, in the dry^ bone, with the 
cavity of the tymiianum, is smaller than the outer, and sloped, the anterior 
wall projecting beyond the i)Osterioi- for about one-sixth of an inch ; it is 
marked, except at its ui>i)er jairt, by a narrow groove, the sulcus tympanicus, 
in whicli the circumference of the membrana tympani is attached. Its outer 
end is dilated and rough in the greater part of its circumference, for the attach¬ 
ment of the cartilage of the pinna. Its transverse section is oval, the 
greatest diameter being from above downwards and backwaids. The front and 
lower 2Jarta of this canal are formed by a curved 2)lat(i of bone, the t.ym2)anic 
plate, which, in the foetus, exists as a separate ring (annulus tympanicus), 
incom2)lete at its upper part. »S(*e section on Osteology (page 231 ). 

The skin lining th<? meatus is very thin, adlu^res closely to the cartilaginous 
and osseous 2H>rtion8 of the tube, and covers the surface of the membrana 
tym2>ani, forming its outer layer. After maceration, the thin pouch of 
e2)idcrrais, when withdrawn, prc.scrvcs the form of the meatus. In the thick 
subcutaneous tissue of the cartilaginous 2)art of the meatus arc numerous 
ceruminous glands, which scertite tlu^ ('ai-wax. They niscmble in structure 
sweat-glands, and their ducts 02)en on tlu* surface of the skin. 

Relations of the meatm .—Tn front of tho osseous 2>art is the c.ondyle of the mandible, 
which, however, is separated from tho cartilaginous part by the retro-mandibular part 
of the parotid gland. The movements of the jaw influence to some extent the lumen of 
this latter portion. Behind the osseous part are the mastoid air-cells, separated from 
the meatus by a thin layer of bone. • 

The arteries supplying the meatus are branches from the posti^ior auricular, internal 
maxillary, and temporal. 

The nerves are chiefly derived from the auriculo-tomporal branch of the inferior 
maxillary nerve and tho auricular branch of the pneumogastric. 

Applied Anatomy. —Malformations, such as im2)erfect development of the external 
parts, absence of the meatus, or suficrnumerary auricltsi, arc occasionally met with. The 
skin of the auricle is thin and richly sup2*lied with blood, but in spite of this it is often 
tho seat of frost-bite, due to tho fact that it is much exposed to cold, and lacks the usual 
underlying subcutaneous fat found in most other parts of the body. A collection of blood 
is sometimes found between the cartilage and 2>erichondrium (hcematoma auris), usually 
the result of traumatism, but not necessarily due to this cause. It is said to occur most 
frequently in the ears of the insane. Keloid sometimes grows in the auricle around the 
puncture made for earrings, and epithelioma occasionally affects this part. Deposits of 
urate of soda are often met with in the pinna in gouty subjects. 

'!l^e external auditory meatus can bo most satisfactorily examined by li^t reflected 
down a funnel-shaped s2)eculum ; by gently moving the latter in different directions the 
whole of the canal and membrana tympani can be brought into view. In using this * 
instroment, it is advisable that the pinna should be drawn upwards, backwards, and a 
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little outwards, so as to render the canal as straight as possible. The points to be 
' noted are, the presence of wax or foreign bodies ; the size of the canal ; and the condition 
of the membrana tympani. Accumulation of wax is often a cause of deafness, and may 
give rise to very serious consequences, such as ulceration of the membrane, and it is best 
removed by syringing. Foreign bodies are not infrequently introduced into the ear by 
children, and, when situated in the first portion of the canal, may bo removed with toler¬ 
able facility by means of a minute hook or loop of fine wire, aided by reflected light; 
but when they have slipi»ed beyond the narrow middle part of the meatus, their removal 
is in no wise easy, and attempts to effect it, in inexperienced hands, may be followed 
by destruction of the membrana tympani and possibly the contents of tlie tympanum. 
The calibre of the external auditory canal may be narrowed by inflammation of its 
lining membrane, running on to suppuration ; by periostitis ; by polypi; or by exostoses. 

At the point of junction of the osseous and cartilaginous portions an obtuse angle, 
which projects into the tube at its antero-inferior wall, is formed. This produces a 
sort of constriction in this situation, and renders it a narrow portion of the canal—an 
important point to be borne in mind in connection with the presence of foreign bodies in 
the ears. The cartilaginous is connected to tho bony part by fibrous tissue which renders 
the outer part of the tube very movable, and therefore by drawing the pinna upwards 
and backwards the (tanal is rendered almost straight. At the external orifice are a few 
short, crisp hairs, which serve to prcivont the entrance of snudl particles of dust, or flies 
and other insects. In the external auditory meatus tho secretion of the ceruminous 
glands serves to catch any small particles Wiich may find their way into the canal, and 
prevent their reaching the membrana tympani, where their presence might excite irritation. 
The shortness of tho canal in children should be borne in mind in introducing tho aural 
speculum, so that it be not pu.slied in too far, at the risk of injuring tho membrana 
tympani; indeed, even in the adult tho speculum should never be introduced beyond the 
constriction which marks tho junction of the osseous and cartilaginous portions, and 
thus assist tho operator in obtaining, by the aid of reflected light, a good view of the 
membrana tympani. Just in front of tho membrane is a well-marked depression, aituated 
on tho floor of the caiml, and bounded by a somewhat prominent ridge ; in this foreign 
bodies may become lodged. By aid of the s|>oculum, combined with traction of tho auricle 
upwards and backwards, tho grc.ator part of the membrana tympani is rendered visible. 
It is a pearly-grey membrane, slightly glistening in the adult, placed obliquely, so as to 
form with the floor of the meatus a very acute angle (about fifty-five degrees), while with 
the roof it forms an obtuse angle. At birth it is more horizontal, situated in almost the 
same plane as tho base of the skull. Almut jnidway between the anterior and posterior 
margins of the membrane, and extending from tlie centre obliquely upwards, is a 
reddish-yellow streak ; this is the haiulle of the malleus, which is inserted into the 
membrane. At the uj)perpart of tin’s streak, close to the roof of the mcatus.a little white, 
roundetl prominence is plainly to be seen ; this is the processus brevis of the malleus, 
projecting against the membrane. Tho membrana tympani docs not present a plane 
surface ; cm the contrary, its centre is drawn inwards, on account of its connection with 
the handle of the malleus, and thus the external surface is Tendered concave. 

The connections of tho nerves of the meatus explain the fact of the occurrence, in 
cases of irritation of the meatus, of constant coughing and sneezing, from implication of 
the piieumogastric. and tho vomiting which may follow' syringing the ears of children, and 
the occasional heart failure similarly induced in elderly people. No doubt also the 
association of earache with toothache or with cancer of the tongue is <hie to implication 
of the inferior maxillary, a branch of the fifth, which supplies also the teeth and the 
tongue. Tho uj)por half of tho mombrima tympani is much more richly supplied with 
blood than the lower half. For this reason, and also to avoid tho chorda tympani nerve 
and ossicles, incisions through the membrane should be made at the lower and posterior 
part. 

• The Middle Eau, ob Tympanitm 

The middle ear, or tympanic cavity (cavum tympani) is an irregular 
laterally compressed cavity, situated within the temporal bone. It is filled 
with air, and communicates with the naso-pharynx by the Eustachian tube. It 
contains a chain of movable bones, wdiich connect its outer to its inner wall, 
and serve to convey the vibrations communicated to the membrana tympani 
across the cavity to the internal ear. 

The tympanic cavity consists of two parts : the afrium or tympanic cavity 
proper, opposite the tympanic membrane, and the attic or recessus epitympani- 
cus, above the level of the upper part of the membrane ; the latter contains 
the upper half of the malleus and the greater part of the incus. Including tlie 
attic the vortical and antero-posterior diameters of the tympanic cavity 
each measures about fifteen millimetres. From without inwards it measures 
' about six millimetres above and four millimetres below ; opposite the centre 
of the tympanic membrane it is only about two millimetres. It .is bounded 
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externally by the membrana tympani and meatus; internally, by the outer 
wall of the internal ear ; it communicates, behind, with the mastoid antrum 
and through it with the mastoid cells, and in front with the Eustachian tube. 

The roof (paries tegmentabs) is broad, flattened, and formed of a thin plate 
of bone (legmen tympani), which separates the cranial and tympanic cavities. 
It is situated on the anterior surface of the petrous portion of the temporal 
bone close to its angle of junction with the squamous portion of the same bone, 
and is prolonged backwards so as to roof in the mastoid antrum ; it is also 
carried forwards to cover in the canal for the Tensor tympani muscle. Its outer 
edge corresponds with the remains of the petro-squamous suture. 

The floor (paries jugularis) is narrow, and is separated by a thin plate 
of bone (fundus tympani) from the jugular fossa. It presents, near the inner 
wall, a small aperture for the passage of Jacobson’s nerve. 

The outer wall (paries membranacea) is formed mainly by the membrana 
tjnnpani, partly by the ring of bone into which this membrane is inserted. 


Fio. 858 .—Coronal section of right temporal bone. 
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This ring of bone is incomplete at its upi)er part, forming a notch (incisura 
Itivini), close to which are three small apertures : the iter chordaj posterius, the 
Glaserian fissure, and the iter chordae anterius. 

The iter chordae posterius (apertura tyinpanica c;analiculi chordae) is situated 
in the angle of junction between the posterior and outer walls of the tympanum, 
iinraodiatcly behind the membrana tympani and on a level with the upper end 
of tile handle of the malleus ; it leads into a minute canal, w'hich descends in 
front of the aquaeductus Fallopii, and terminates in that canal near the stylo¬ 
mastoid foramen. Through it the chorda tympani nerve enters the tympanum. 

The Glaserian fissure (fissura petrotympanica) ojKjns just above and in 
front of the ring of bone into which the membrana tympani is inserted ; in this 
situation it is a mere slit about a line in . length. It lodges the long process 
and anterior ligament of the malleus, and gives passage to the tympanic 
branch of the internal maxillary artery. 

The iter chordae anterius (canal of Huguier) is placed at the inner end of the 
Glaserian fissure ; through it the chorda tympani nerve leaves the tympanum. 
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The inner wall (paries labyrinthioa) (fig. 868) is vertical in direction, and 
looks directly outwards. It presents for examination the folloM'ing parts : 

Fenestra ovalis. Promontorium. 

Fenestra rotunda. Prominentia canalis facialis. 

The fenestra omlis (fenestra vestibuli) is a reniform opening leading from 
the tympanum into the vestibule of the internal ear; its long diameter is 
directed horizontally, and its convex border is upwards. In the recent state 
it is occupied by the base of the stapes, the circumference of which is fixed 
by the annular ligament to the margin of tlie foramen. 

The fenestra rotunda (fenestra cochleaj) is situated below and a little behind 
the fenestra ovalis, from which it is separated by a rounded elevation, the 
<promontorium. It is placed at the bottom of a funnel-shaped depression and, 
in the macerated bone, leads into the cochlea of the internal ear ; it is closed 
in the recent state by a membrane {membrana tympani secundaria) which 
is concave towards the tympanum, convex towards the cochlea. This 
membrane consists of three layers : an external, or mucous, derived from 
the mucous lining of the tympanum ; an internal from the lining membrane of 
the coclilca ; and an intermediate, ot’ fibrous layer. 

* The promontorium is a rounded hollow prominence, formed by the projection 
outn ards of tlu^ first turn of tlio (!Ochlea ; il is placed between the fenestrae, 
and is furrowed on its surface by three smtdl grooves, which lodge branches 
of the tympanic plexus. A minute spicule of bone frequently connects the 
promontorium to the pyramid. 

The prominentia canalis facialis indicates the i)osition of the bony canal 
(aqua^ductus Fullopii), in whudi tlu! hwial nerv(! is contained; this canal faversos 
the inner wall of the tympanum above the fcncislra ovalis, and behind'that 
opening curves nearly vertically downwards along tlu; posterior wall. 

'I'he posterior wall (paries mastoidea) is wider above than below, and 
Ijrescnts for examination the 

Opening of the antrum. Pyramid. Fossa incudis. 

The openiny of the antrum is a large irregular aperture, which extends 
backwaids from the c])itympanic recess and leads into a considc'rable air space, 
the mastoid antrum (antrum tympanicum) (see page 226). The antrum 
communicates with large irregular cavities contained in the interior of the 
mastoid process, the mastoid air-cells (cellulfc mastoidoie). These cavities vary 
considerably in niimb(!r, size, and form : they are lined by mucous membrane, 
continuous ^^•ith that lining the cavity of the tympanum. On the inner wall of 
the opening into the antrum is a round<‘d eminence, situated above and beliind 
the eminence of llic aqua'duedus Fallopii; it corresponds with the position 
of the ainpullat<Hi extremities of the superior and external senucircular canals. 

The pyramid (eminentia pyramidah's) is a conical eminence, situated 
immediately behind the fenestra ovalis, atid in front of the vertical portion of 
the Falloj)ian aqueduct; it is hollow in tlie interior, and contains the Stapedius 
muscle ; its summit projects forwards towards the fenestra ovalis, and presents 
a small aperture which transmits the tendon of the muscle. The cavity in 
the pyramid is prqjongcd downwards and backwards in front of the aquscductus 
Fallopii, and communicates with it by a minute canal which transmits a twig 
from the facial nerve to the Stapedius muscle. 

The fossa incudis is a small depression which is situated in the lower and 
back part of the epityrapanic recess, and lodges the short process of the incus. 

The anterior wall (paries carotica) is wider above than below; it corres¬ 
ponds with the carotid canal, from which it is separated by a thin plate of bone 
perforated by the tympanic branch of the internal carotid artery, and by a 
communicating branch wliich connects the sympathetic plexus on the internal 
carotid arteiy with the tympanic plexus on the promontory. At the upper 
part of the anterior w^all are the orifice of the canal for the Tensor tympani 
and the orifice of the Eustachian tube, separated from each other by a thin 
horizontal plate of bone, the processus cochleariformis (septum canalis musculo- 
tubarii). These canals run from the tympanum forwards, inwards, and a 
little downwards, to the retiring angle between the squamous and petrous 
portions of the temporal bone. 

3 X 
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The catial for the Tensor tympani (semicanalis m. tensoris tyrapani) is the 
superior and the smaller of the two; it is cylindrical and’lies beneath the 
forward prolongation of the tegmen tympani. It extends on to the inner 
wall of the t 3 rmpanum and ends immediately above the fenestra ovalis. The 
processus cochleariformis passes backwards below this part of the canal, 
forming its outer wall and floor ; it expands above the anterior extremity of 
the fenestra ovalis and terminates by curving outwards so as to form a pulley 
over which tlie tendon passes. 

The Eustachian tube (tuba auditiva) is the channel through which the 
tympanum communicates with the luiso-pharynx. Its length is an inch 
and a half (36 mm.), and its direction is downwards, forw'ards, and inwards, 
forming an angle of about forty-five degrees with the sagittal plane and one of 

from thirty to forty degrees witli the 
Fiq. 859 .—The membrana tympani viewed horizontal plane. It is formed partly 
from w ithin. (Testut.) of bone, partly of cartilage and 

fibrous tissue. 


X .' The osseous portion (pars ossea 

f uba^ auditiv®) is about half an inch 

/r - below the pi’ocessus cochleariformis, 

^ narrotving, terminates 

^ at the angle of junction of the petrous 

^ ^ squamous portions of the tem- 

poral bone, its extremity presentiitg 
I a jagged margin wliich serves for 
tile ^(^tilaginoiw 

/B '' attached to the margin of tlie inner 

* • extremity of the osseous canal, 

* while its base lies directly under the 
mucous membrane of the naso- 
. * ■, •, ^ pharynx, where it forms an elcva- 

* fion or cushion behind the pharyn- 

geal orifice of the tube. The upper 

Tho maUens hto been reseeUid iiumet ,tely beyond ibs edge of the cartilag(^ is curled upon 
proiiDWUH brevis, in onlrr to sIjow 111 nallooiarfolds aiiJ if ...In ....... 

tt,em<.n.brai,cofShrai.i.HiL itself, bciug btmt out\\'arda SO as to 

1. Alranbraiin tympajii. 3. Umbo n lavel. 3. Ifaiidlc present On trailSVerSC SCCtion the 

of the maJltm 4. rropessus br« Is. 5. .AnU^rlor ^ e i i _ ^ 

malliwlor fold. C. I'ostcnor rjial]< r fold. 7. Mttnj- JlppCflTlinCG Of a nOOK ; £l p[rOOV'6 OF 

brano of Slirupndl. h. Anterior .ncl> of Triiltsch. furrOW is tllUS produCcd, wllicll OpCUS 

9. Posterior pouch of J roltecL Id. l'M>ro-riirulu;;muiis , , , • ,, i . i • . 

ring. 11 . mnscriun fissure. 13. uuHtaohiaii tube, bciow aiid externajly, and this part 

13. Iter chorda! posterius. 14. Iter riiordas aiiterius. nf t he* nniinl ia cnnitilotod bv fibrous 
15 . PCJSSB incudis for short prooess of tiio incus, bne caiiai 18 compicbca oy norous 

10 . Prominentia styloidea. membrane. The, cartilago lies in a 

groove between the petrous temporal 

and the greater wing of the sphenoid; this groove ends opposite the middle of 

the internal pterygoid plate. The cartilaginous and bony portions of tbe tube 

are not in the same plane, the former inclining downwards a little more than 

the latter. The diameter of the tube is not uniform throughout, being greatest 

at the pharyngeal orifice, least at the junction of the bony and cartilaginous 

portions, and again expanding as it approaches the tympanic cavity; the 

narrowest jiart of the tulic is termed the isthmus. The position and relations 

of the pharyngeal orifice are described with the naso-pharynx. The mucous 

membrane of the tube is continuous in front with that of the naso-pharynx 

and behind with that of the tympanic cavity; it is covered with ciliated 

epithelium and is thin in the osseous portion, while in the cartilaginous portion 

it contains many mucous glands and near the pharyngeal orifice a considerable 

amount of adenoid tissue, which has been named by Gerlach the tube-tonsil. 

The tube is opened during deglutition by the Salpingo-pharyngcus and Dilatator 


. • 


The Diallene lia.-. been rcsniiUid iiiimei ,tely liryond its 
proeossUH brevis, in order to sbowili nalleolarfolds and 
the moinbraiic of ShrainielL 

1. nembraiia tympaju. 3. Umbo n lurel. 3. Ifuiidle 
of the moJltm 4. Proeessus bn Is. .5. Anterior 
mallwlar fold. G. Posterior mall< r fold. 7. Mem¬ 
brane of Slirupnell. h. Anterior nicli of Triiltsch. 

9. I’ostcrior pouch of TroltecL Id. l''d>ro-rarUlugmous 
ring. 11. Olnscriitn fissure. 13. Ijustachian tuhe. 
13. Iter chorda! posterius. 14. Iter riiorda: aiiterius. 
15. Poasa incudis for short prooess of tlie incus. 
IG. l‘rominentia styloideii. 
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tubse. The latter arises from the hook of the cartilage and from the 
membranous part of the tube, and blends below with the Tensor palati. 

The membrana tympani (fig. 869) separates the cavity of the tympanum 
from the bottom of the external meatus. It is a thin, semi-transparent mem¬ 
brane, nearly oval in form, somewhat broader above than below, and directed 
very obliquely downwards and inwards so as to form an angle of about fifty-five 
degrees with the floor of the meatus. Its longest diameter is directed from 
above and behind, downwards and forwards, and measures from nine to ten 
millimetres; its shortest diameter measures from eight to nine millimetres. 
The greater part of its circumference is thickened to form an annular ring 
wtuch is fixed in a groove, the svlcus tympanicm, at the imier extremity 
of th«! meatus. This sulcus is deficient superiorly at the incisure or notch of 
Rivinus. From the extremities of this notch two bands, the antmor and 
'posterior malleolar folds, are prolonged to the short process of the malleus. 
The small, somewHat triangular part of the membrane situated above thesis 
folds is lax and thin, and is named the iHirs JIaccida of Shrapncll; in it a small 
orifice is sometimes seen. The handle of the malleus is firmly attached to 
the inner aspect of the membrane as far as its centre, whicli it, draws inwards 
towaids the cavity of the tympanum. The outer surface of the membrane is 
thus concave, and the most depressed part of this concavity is named the 
urrAo (umbo membranaj tympani). 

Structure. —The membrana tympani is composed of three layers, an external 
(euticular), a middle (fibrous), and an internal (mucous). The culicular layer 
(stratum cutaneum) is derived from the integument lining the meatus. The 
fibrous layer consists of two strata, an external (stratum radiatum) of radial 
fibres, which di\'eige from the handle of the malleus, and an internal (stratum 
circulare) of circular jihres, which aic plentiful around the eiicumferenee but 
sparse and scattere^d near the centre of the membrane. Branched or dtndriiic 
fibres, as pointed out by Criilx^r, .are also present, esiKicially in the posterior 
half of the membrane. 

Vessels and Nerves .—The arteries of tlie membrana tympani are derived from tho deep 
auricidar branch of the internal maxillary, which ramifies beneath tho cuticular layer: 
and from the stylo-mastoid branch of the posterior auricular, and tympanic branch of 
the internal maxillary, which are distributed on the mucous surface. The superiicial 
veins open into the external jugular ; those on the mucous surface drain partly into the 
lateral sinus and veins of the dura mater, and partly into a plexus on tho Eustachian tube. 
The membrane receives its nerve supply from the auriculo-tcmporal branch of tho inferior 
maxillary, the auricular branch of the vagus, and the tympanic branch of the glosso¬ 
pharyngeal. 

Ossicles oe the Tympanum (Ossicula auditus) 

The tympanic cavity contains a chain of throe movable bones, the 
malleus, incus, and stapes. The first is attached to the membrana tympani, 
the last to tho circumference of the fenestra <»valis, the incus being placed 
between tlie two, and connected to both by dcliciate artieulations. 

The Malleus (fig. 860), so named from its fancied resemblance to a hammer, 
consists of a head, neck, and three i)roee88e.‘i, viz. the handle or manubrium, 
the processus gracilis, and the processus brevis. 

The head (eapitulum mallei) is the large upper extremity of the bone ; it 
is oval in shape, and articulates jtosteriorly with the incus, being free in the 
rest of its extent. The facet for articulation with the incus is constricted 
near the middle, and consists of an upper larger, and lower lesser part, w'liich 
form nearly a right angle with each other. Opposite the constriction the lower 
margin of the facet projects in the form of a process, the cog-tooth or s'pur of 
tho malleus. 

The 'neck (collum mallei) is the narrow contracted part just beneath the 
head ; below it, is a prominence, to which the various processes are attached. 

The handle (manubrium mallei) is connected by its outer margin with the 
membrana tympani. It is-direct^ downwards, inward.s, and backwards ; it 
decreases in size towards its free extremity, which is curved slightly fonvaids, 
and flattened from within outwards. On the inner side, near its upper end, 
is-a sligbt projection, into which the tendon of the Tensor tympani is inserted. 

The processits gracilis (processus anterior [Foliil) is a delicate process, 

3x2 
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which springs from the eminence below the neck and is directed forwards and 
outwards to tlie Glaserian fissure, to vrhich it is connected by ligamentous 
fibw«. In the foetus this is the longest process of the malleus, and is in direct 
continuity with the cartilage of Meckel. 

The processus brevis (processus lateralis) is a slight conical projection, which 

springs from the root 

Pro. 860.—Left malleus, a. From behind. B. From within, of the manubrium ; it 

is directed, outwards, 
and is attached to the 
upper ijart of the 
tympanic membrane 
and. by means of the 
anterior and posterior 
malleolar folds, to the 
extremities of the 
notch of Rivinus. 

The Incus (fig. 861) 
has received its name 
from its supposed re¬ 
semblance to an anvil, 
but it is more like a 
bicuspid tooth, with 
two roots, which differ in length, and are widely scparaled from each other. 
It consists of a body and two processes. 

The body (corpus incudis) is .someniiat quadrilateral but compres.sed 
laterally. On its anterior surface is a deeply concavo-convex facet, Avhich 
articulates with the head of the malleus. 

The two processes diverge from one anotlicr nearly at right angles. 

The short process (crus breve) 
is somewhat conical in sha])c, 
projects almost hoiizontally 
backwards, and is attached to 
a depression, the fossa incudis, 
in the lower and back part of 
the epilympanic recess. 

The long process (crus 
longum), longer and more 
.slender than the preceding, 
descends nearly vertically 
behind and parallel to the 
handle of the malleus, and, 
bending inwards, terminates 
in a rounded globuhir 2 >rojcclion, the os orbiculare or lenticular process, which 
is tipped with cartilage, and articulates w itli the head of tlie stapes. In the 
foetus the os orbiculare exists as a separate bone. 

The Stapes (fig. 862), so called from its close resemblance to a stirrui), 

consists of a head, neck, 

Fio. 862. — ^A. Left s< apes. b. Foot-plate of stapes tw'o crura, and a base. 

Th6 head (capitulum 
stapedis) presents a de¬ 
pression, tipped with 
cartilage, which articu¬ 
lates with the os orbi- 
cularc. 

The neck (collum 
stapedis), the constricted 
part of the bone suc¬ 
ceeding the head, receives the insertion of the Stapedius muscle. 

The tV!o crura (crus anterius et crus posterius) diverge from the neck and are 
connected at their extremities by a flattened oval-shaped plate (the base), 
wliich forms the foot-plate of the stirrup and is fixed to the margin of the fenestra 
ovaiis by ligamentous fibres. Of the two crura the anterior is shorter and less 
curved than the posterior. 


from within. 
Head 


Nee}.- 

Crus finieriiis 
Crus /loste.rius 
l>'ool-plate. 



Fici. 8CJ.— lA*ft incus, a. From within. 
B. From the front. 


I'aeet for 
malleus 



Loiig process 
Os orhieulare. 
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Ligaments of the Ossicula.— These small bones are connected with each 
other, and with the walls of the tympanum, by ligaments, and moved by small 
muscles. The articular surfaces of the malleus and incus, and the orbicular 
process of the incus and head of the stapes, are covered with cartilage and 
connected together by delicate capsular ligaments, lined by synovial membrane. 
The ligamente connecting the ossicula with the walls of the t 3 rmpanum are 
five in number : three for tlie malleus, one for the incus, and one for tlie 
stapes. 

The anterior ligament of the maUem (lig. mallei anterius) was formerly 
described as a muscle (Laxator iympani). It is now, liow'ever, believini by most 
observers to consist of ligamentous fibres only. It is attached by one 
extremity to the nock of the malleus, just above the processus gratilis, and by 
the other to the anterior wall of the tympanum, close to the Glaserian fissure, 
some of its fibres being prolonged through the fissure to reach the spine of the 
sphenoid. 

The superior ligament of the malleus (lig. mallei superius) is a delicate, 
round bundle of fibres which descends perpendicularly from the roof of the 
epitympanic recess to the head of the malleus. 

The external ligament of the malleus (lig. mallei lateralis) is a triangular 
plane of fibres passing from the po.-terior part of the notch in the tympanic 
ring (incisura Rivini) to the liead of the malleus. 

The posterior ligament of the incus (lig. incudis posterius) is a short, thick, 
ligamentous band which conneets the extremity of the short process of the 
incus to the fossa incudis in the epitympanic recess. 

Tlie vestibular surfacto and the circumference of the foot of the stapes are 
covered with hyaline caj’lilage; that encircling the base is attached to the 
margin of the fenestra ovalis by a fibrous ring, the annular ligament of the 
stapes (lig. annulare baseos stapedis). 

A superior ligament of the incus (lig. incudis superius) has been described, 
but it is little more than a fold of mucous membrane. 

The muscles of the tympanum are two : 

Tensor tympani. Stai)cdius. 

The Tensor tympani, the larger, is contained in the bony canal above the 
osseous portion of the Eustachian tube, from which it is separated by 
the processus cochleariformis. It arises from the cartilaginous portion of the 
Eustachian tube and the adjoining part of the greater wing of the sphenoid, as 
well as from the osseous canal in wiiicli it is contained. Passing backwards 
through the canal, it terminates in a slender tendon which enters the tympanum, 
makes a sharp bend outw'ard round the extremity of the processus cochleari¬ 
formis, and is inserted into the handle of the malleus, near its root. It is 
supplied by a branch from the otic ganglion. 

The Stapedius arises from the side of a conical cavity, hollow ed out of the 
interior of the ])yramid ; its tendon emerges from the orifice at the a^^ex 
of the pyramid, and, passing forwards, is inserted into the posterior surface of 
the neck of the stapes. Its surface is aponeurotic, its interior fleshy ; and its 
tendon occasionally contains a slender bony •spine, wiiicli is constant in some 
mammalia. It ifi BUj)plied by a brancfli of the facial nerve. 

Actions .—The Tensor tympani draws the mornbrana tympani inwards, 
and thus increases its tension. The Stapedius draws the head of the stapes 
backwards, and thus causes the base of the bone to rotate on a vertical axis 
drawn through its own centre ; the back part of the base is pressed inwards 
towards the vestibule, while the fore pait is drawn from it. It probably 
compresses the contents of the vestibule. 

The mucous membrane of the tympanic cavity is continuous with that 
of the pharynx, through the Eustachian tube. It invests the ossicles, and the 
muscles and nerves contained in the tympanic cavity; forms the internal 
layer of the membjana tympani, and the outer layer of the membrana tympani 
secundaria, and is reflected into the mastoid antrum and cells, which it lines 
throughout. It forms several vascular folds, w'hich extend from the walls 
of the tympanum to the ossicles; of these one descends from the roof of 
the tympanum to the head of the malleus and upper margin of the body of the 
incus, a second invests the Stapedius muscle: other folds inv^t the chorda 
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t 3 rinpani nerve and the Tensor tympani muscle. These folds separate off 
pouch-like cavities, and give the interior of the tympanum a somewhat honey¬ 
comb appearance. One of these pouclies is well marked, viz. the jmLch of 
Prvsmk, which lies between the neck of the malleus and the membrana flaccida. 
Two other folds may be mentioned : they are formed by the mucous membrane 
which envelops the chorda tympani nerve and are situated, one in front of, 
and the other behind the handle of the malleus ; tlrey are named the anterior 
and 'posterior recesses of Triiltsch. In the tympanum this membrane is pale, 
thin, slightly vascular and hovered for the most part with columnar ciliatod 
epithelium, but over the pyramid, ossioula, and membrana tympani it 
possesses a flattened non-ciliated epithelium. In the antrum and mastoid cells 
its epithelium is also non-ciliated. In the osseous portion of the Eustachian 
tube the membrane is thin ; but in the cartilaginous portion it is very thick, 
higlily vascular, and providisd witli numerous mucous ghands ; the epithelium 
which lines the tube is columnar and ciliated. 

Vessels and Nerves. —The arteries are six in number. Two of them are larger than the 
rest, viz. tho t 3 Tnpanic branch of the intornal maxillary, which supplies the membrana 
tympani; and the stylo-mastoid branch of the posterior auricular, which supplies the back 
part of tho tympanum and mastoid colls. ITio smaller arteries are—the petrosal branch 
of tho middle meningeal, which enters through the hiiitus Fallopii; a branch from the 
ascending pharyngeal and another from the Vidian, which accompany the Eustachian 
tube ; and the tympanic branch from tho internal carotid, given oil in the carotid canal 
and perforating the thin anterior wall of the tym/ianuni. The veins terminate in the 
pteiygoid plexus, tho sujierior petrosal sinus, and tho middle meningeal vein. The nerves 
constitute the tympanic pJexus, which rami/ics upon tho surface of the promontory. The 
plexus is formed by (1) the tympanic branch of the glosso-pharyngeal ; (2) the small deep 
petrosal nerve; (3) the small superficial petrosal nerve ; and (4) a branch w’hich joins 
the great superficial petrosal. 

The tympanic branch of the glosso-pharj/ngeal (Jacolwon's nerve) enters the tympanic 
cavity by an aperture in its floor close to the inner wall, and divides into branches which 
ramify on the promontory and enter into the formation of tlie plexus. The small deep 
petrosal nerve from the carotid plexus of the sympathetic passes through the wall of the 
carotid canal, and joins the branches of Jacolwon’s nerve. The branch to the great super¬ 
ficial petrosal passes through an opening on the inner wall, in front of the fenestra ovalis. 
The small superficial petrosal nerve, from the otic ganglion, passes backwards through a 
foramen in the middle fossa of the base of the skull (sometimes the foramen ovale), and 
enters the anterior surfatie of the imtrous bone through a small aperture, situated external 
to the hiatus Fallopii; it courses downwards through the bone, past the geniculate 
ganglion of the facial nerve, receiving a connecting filament from it, and enters the 
tympanic cavity, where it communicates with Jacobson’s nerve, and assists in forming 
the t 3 ani>anic plexus. 

The branches of distribution of the tympanic plexus are supplied to the mucous 
membrane of the tympanic cavity ; a branch passes to the fenestra ovalis, another to the 
fenestra rotunda, and a third to the Eustachian tube. The small superlicial petrosal 
may be looked upon as the continuation of the nerve of Jacobson through the plexus to 
the otic ganglion. 

In addition to the tympanic plexus there are the nerves supplying the muscles. The 
Tensor tympani is supplied by a branch from the third division of the fifth through the 
otio ganglion, and the Stapedius by the tympanic brunch of the facial. 

Tme chorda tympani nerve crosses ttie tympanic cavity. It is given ofi from the sensory 
part of the facial, about a quarter of an inch before the nerve emerges from the stylo¬ 
mastoid foramen. It runs from below upwards and forwards in a canal, and enters the 
tympanic cavity through the iter chorda; posterius, already described (page 1040), and becomes 
invested with mucous membrane. It traverses the tympanic cavity, crossing internal 
to the membrana tympani and over the upper part of the handle of the malleus to the 
anterior wall, where it emerges through the Her dhordve anterius, or caruil of Huguier. 

Applied Anatomy. —Tho tympanic cavity is very frequently the seat of disease both 
suppurative and non-suppurative, and in practically every case the inflammation spreads 
upwards from the nose or throat along the Eustachiw tube. Tho anatomy of the 
t 3 rmpanie cavity is of the very greatest practical importance as regards its relations to 
other parts. Its roof is formed by a thin plate of bone which, with the dura mater, is 
all that separates it from the temporal lobe of the brain ; its floor is situated immediately 
above the jugular fossa behind, and the carotid canal in front; its posterior wall presents 
tiie opening of the mastoid antrum, and on its anterior wall is the opening of the Eustachian 
tube. Acute inflamma tory troubles spreading up to the tympanum by the latter tube 
are usually associated with so much inflammatory swelling cu the mucous membrane of the 
Eustachian tube as to occlude it, and thus the products of inflammation are pent up in 
the tympanic cavity and direotly involve the mastoid antrum. Under such circumstances 
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the only means of esoape for the products is by rupture of the tympanic membrane, 
which usually occurs spontaneously and is followed by a free discharge of pus and relief to 
the acute pain which exists in these cases.* Shou Id the swelling of the walls of the Eustachian 
tube then subside, the normal drainage of the cavity will be established and the perforation 
in the drum will heal, but if not—as is often the case because the opening of -the tube 
may be occluded by adenoid growths in the naso-pharynx or other cause—^the pus will 
continue to accumulate in the middle ear and will overflow through the perforation as 
a chronic otorrhoea. In the course of time the disease spreads beyond the mucous 
mem brano to the walls of the tympanic cavity, to the ossicles, or to the bone of ^ihe mastoid 
process, and when this has occurred the condition is incurable except by the removal of 
the carious bone. Further severe intracranial complications are at this time often 
produced owing to purulent material being retained; thus an abscess may form between 
the bone and dura mater, (o) about the roof of the tympanum, and immediately 
beneath the dura covering the temporal lobe, or {b) between the deep aspect of the 
mastoid process and the sigmoid bend of the lateral sinus, possibly extending widely and 
surrounding the sinus. In this latter type of case, thrombosis of the lateral sinus readily 
occurs, and the clot being also infe<!ted tends to disintegrate and bo carried into the general 
circulation, particles often becoming IcKiged in the capillaries of the lungs and setting up 
abs(!esses therein. Pyasmia from lateral sinus thrombosis is probably more common than 
from any other focus of origin. In addition, bono disease of the tympanum or mastoid 
antrum may be associated with severe and fatal septic meningitis, or with the formation 
of abscess in the encephalon, the most common sites being the temporal lobe and the 
hemisphere of the cerebellum. 

Loss serious, but more common, is the formation of a subporiosteiil mastoid abscess with 
great swelling behind the car, and protrusion outwards of tlio auricle; such a condition 
demands an early incision down through all the structures, including the periosteum, over 
the whole length of the mastoid process, and then if will frequently be found that the 
underlying bono is carious or that a track leiuls through the hone into the mastoid antrum. 
In B\ich conditions extensive ojKsrationH for the removal of bone are often required. In 
many cases tif chronw! bone disease in the tympanic cavity the faeiaV nervR becomes 
exposed as it lies in the aqueduct of Fallopius, and an inllammatory process is set up in 
the nerve, leading to facial paralysis of the infranuclear type (see page 927). In other 
coses localised areas of bone disease, most often in the region of the attic, form the 
points from which aural polyj)i grow, and the ear polypus, like the nasal polypus, 
must lie considered to hav'c originated in a spot of carious bone, the removal of which 
is necessary if a cure is to be established. Fractures of the middle fossa of the base 
of the skull almost invariably involve the tympanic roof, and arc ac(!Oiniianied by a 
rupture of the drum or fracture through the roof of the bony meatus. They are associated 
with profuse continued bleeding from the ear, and, if the dura has also been lacerated, with 
discharge of copious amomits of cerebro-spinal fluid. Hero the avoidance of infection 
from thie outside is of the utmost importance, as should it occur septic meningitis must 
inevitably follow’wLth a fatal issue. 

Of the non-suppurative conditions which alTcct the middle ear, chronic catarrh, leading 
to sclerosis of the whole of the tympanic contents, is again d.ue to spread of inflammation 
from some nasal or pharyngeal condition. The progress is very slow, but leads to ever- 
increasing deafness—this deafness in the first instance is in no way connected with any 
defect in the auditory nerve, and this can be shown by the fact that the hearing by bone 
conduction over the mastoid process renuiins normal. In c.-hronic non-suppurative otitis, 
media treatment must be especially directed towards placing the nose and pharynx in 
a healthy condition; when this has been accomplished, the aural condition often 
improves of itself ; if not, however, improvement may bo induced by forcing air up the 
Eustachian tube by means of the Politzer bag, or directly into the orifice of the tube by 
means of the Eustachian catheter. . 

• Tnteknal Ear, or Labyrinth 

The internal ear (auris interna) is tlic essential part of the organ of hearing, 
receiving the ultimate distribution of the auditory nerve. It is called the 
labyrinth, from the eomploxity of its shape, and consists of two parts: the 
osseous labyrinth, a scries of cavities channelled out of the substance of the 
petrous bone, and the membranous labyrinth, the latter being contained within 
the former. 

The Osseous Labyrinth (fig. 863) 

The osseous labyrinth (labyrinthus osseus) consists of three parts : the 
vestibule, semicircular canals, and cochlea. These are cavities hoUow'ed out 
of the substance of the bone, and lined by periosteum ; tliey contain a clear 
.fluid, the perilymph, in which the membranous labyrinth is situated. 

The vestioule (vestibulum) is the central part of the internal ear, 
and is situated on the inner side of the tympanum, behind the cochlea, and in 
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front of the semicircular canals. It is somewhat ovoid in shape, flattened 
from within outwards, and measures about one-fifth of an inch from before 
backwards, the same from above downwards, and about one-eighth of an 
inch from without inwards. On its outer or tympanic wall is the fenestra 
ovalis, closed, in the recent state, by tlie base of the stapes and annular 
ligament. On its inner wall, at the fore part, is a small circular depression, 
the recessus sphcericus, which is perforated, at its anterior and inferior part, by 
several mjnute holes (macula crihrosa media) for the passage of filaments 
of the auditory nerve to the saccule ; and bcliind this depression is an 
oblique ridge, the crista vestihuli, tiie anterior end of which is named the pyramid 
(pyramis vestibuli). This ridge bifurcates below to enclose a small depression, 
the fossa cocMenris, w'liich is perforated by a number of holes for the passage 
of filaments of tins auditory nerve whicli sujjply tlie ]joatcrior end of the ductus 
cochlearis. At tlie hinder part of tins inner wall is the orifice of the aqueeductua 
vestihuli, VA'hich extends to the posterior surface of tln^ petrous portion of the 
temporal bone. It transmits a small vein, and contains a tubular prolongation 
of the membranous labyrinth, the ductus endolymphaticus, which ends in a 
cul-de-sac between the layers of the dura mater within the cranial cavity. On 


l'’io. 86.3.—The osseous labyrinth laid ojjen. (Enlarged.) 



the upper wall or roof is a transversely oval depression, the recessus ellipticus, 
separated fi'om the recessus 8pha?ricus by the crista vestibuli already 
mentioned. The pyramid and {^joining part of the recessus ellipticus are 
perforated by a number of holes (macula crihrosa superior). The apertures 
in the pyramid transmit the nerves to the utricle ; those in flic recessus ellip¬ 
ticus the nerves to the ampulhe of the superior and external semicircular canals. 
Behind, the semicircular canals oj)cn into the vestibule by five orifices. In 
front is an elliptical opening, which communicates with the scala vestibuli 
of the cochlea. 

The bony semicircular canals (canales scmicirculares ossei) are situated 
above and behind the vestibule. They are of unequal length, compressed 
from side t o side, and each describes the greater part of a circle. Each measures 
about ‘8 nun. in diameter, and presents a dilatation at one end, called the 
ampulla, which measures more than twice the diameter of the tube. They 
open into the vestibule by five orifices, one of the apertures being common to 
two of the canals. 

T\\e>superior semicircular canal (canalis seraicircularis superior), 16 to 20 mm. 
in length, is vertical in direction, and is placed transversely to the long axis of 
the petrous portion of the temporal bone, on the anterior surface of which 
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its arch forms a round projection. It describes about two-thirds of a circle. 
Its outer extremity is ampullated, and opens into the upper part of the 
vestibule ; the opposite end joins with the upper part of the posterior canal to 
form the crus commune, which opens into the upper and inner part of the 
vestibule. 

The 'posterior semicircular canal (oaualis semicircularis posterior), also 
vertical, is directed backwards, nearly parallel to the posterior surface of 
tlie petrous bone ; it is the longest of the three, measuring from 18 to 22 ram.; 
its lower or ampullated end opens into tlm lower and back part of the 
vestibule, its opposite opens into the crus eommunc already mentioned. 

The external or horizontal canal (canalis semicircularis lateralis) is the 
shorhist of the three. It measures from 12 to 15 mm., and its arch is directed 
horizontally ouWards and backwards ; thus each semicircular canal stands 
at right angles to the other two. Its ampullated end corrcs]>onds to the upper 
and outer angle of the vesti¬ 
bule, just above the fenestra Pio. 864 . —Transverse section of a human semi- 
ovalis, where it opens close to circular canal (after Rudinger). (Testut.) 

the ampullary end of the 
superior canal; its opi)OHito 
end ojicns by a distinct orifice 
at the upper and back part 
of the vestibule. ‘ The ex- 
ti^rnal canal of one ear is very 
nearly in the same plane as 
that of the other ; Avhile the 
superior canal of one e,ar is 
nearly parallel to the pos¬ 
terior (uinal of the otlier.’ * 

The cochlea (figs. 865,866) 
bears soine resemblance to a 
(iommon snail-shell; it forms 
the ant(irior part of the laby¬ 
rinth, is conical in form, and 
placed almost horizontally in 
front of the vestibule; its 
apex (cupula) is directed for- 
w'ards and outwards, with a 
slight inclination dowmwards, 
towards the upper and front 
part of the inner w'all of the 
tympanum; its base (basis 
<30«*hle®) corresponds with the 
bottom of the internal audi- 

1. Jluiiy bLiiucirculur Citiial. 2. 3'crioteuni. J’.. Mfiiibranou: 
circular omul, \Mtli paiHlIifortn priKt^suH on its iiit^^rnal 8 irtuof 
5. L'ouiicctivo ibvsuo Intnlin^ lljc nu'mhraiioiw c.ukiI to iJifperi 
()st4‘uiii. (!. Fibrous baruU uiiitiiu; tli(* fr<H.' Hurbico of thi 
bniiKMis raiiul to tin* iicrioKtcuin. 7. \ <‘sscl4. 8. Kudolymphutio 
dpuce. 11, 11. i'cnlynjiliutic 

nerve. It measiyes about 

6 mm. from base to apex, and its breadth across the base is somewhat greater 
(about 9 mm.). It consists of a conical-shaped central axis, the modioltis ; 
of a canal, the inner w'all of which is formed by the central axis, wound 
spirally around it for tw’o turns and three-quajters, from the base to the 
apex; and of a delicate lamina (the lamina spiralis ossea) which projects from 
the modiolus, and, following the windings of the canal, partially subdivides 
it into two. In the recent state a membrane, the membrana hasilaris, stretches 
from the free border of this lamina to the outer wall of the bony eochloa 
and completely separates the canal into two passages, which, however, 
communicate with each other at the apex of the modiolus by a small opening, 
named the helicotrema. 

The modiolus is the central axis or pillar of the cochlea. It is conical in 
form, and extends from the base to the apex of the cochlea. Its base (basis 


tory meatus^nd is perforated 
by numerous apertures for 
the passage of the cochlear 
division of the auditory 



• Onim Brown, Journal of Anatomy and Physiology , vol. viii. 
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modioli) is broad, and appears at the bottom of the internal auditory meatus, 
where it coiTesponds with the area coehleae; it is perforated by numerous 
orifices, which transmit filaments of the cochlear division of the auditory 
nerve; the nerves for the first turn and a half pass through the foramina of 
the tractus spiralis foraminosus ; those for the apical, turn through the foramen 


Pro. 866.—The cochlea and vestibule, viewed from above. (Teatut.) 



.Ml till’ lifini juru winch form the roof of the iiiicrii.il c,ir hccii icnuneil willi llic saw. A. C-o^’hlca, 

11 . \c8tibuli 1 auditory niculiH i>. Tviiipanic (a\if>. 1. J.owor border of fciK«tr.t ov'alw. 

2. 1 iftsura vestibuli. X licci*ssus tipluiTicii". jicci*t»His cllioticiis. o. c< •Llearlh. ti. Oniicc of 

tlie Rqu.Lilii<'tuH vcntilmh. 7. Jiifcnor opcinn? of tlu* posicnor semicircular (%uial. H. Xon-atnpuUatc<l 
end of external ular canal. Ih Scala tympam <»1 the cochlea, lo. Soiila vratibuU. 11. Cupula. 

12. Tiaimrui npiralw with 12', iia s ontnu, 12". ItM external border. 13. HoUcotrema. 

14. llony wall oi eocbleu. 


centrale. The canals of the tractus spiralis foraminosus pass up through 
the modiolus and successively bend outwards to read' tbc attached margin 
of the lamina spiralis ossc^a. Here they become, enlarged, and by their appo¬ 
sition form a spiral carml (canalis npiroUs 7nMJinli), wiiicb follows the course 
of the attache.d margin of tl)e lamina spiralis ossca and lodges the ganglion 


Pia. 806.—The cochlea laid oi)cn. (Enlarged.) 



spirale {ganglion of Corti). The foramen centrale is continued into a canal 
which runs up the middle of the modiolus to its apex. The modiolus diminishes 
rapidly in size in the second and succeeding coil. 

The bony canal of the cochlea takes two- turns and three-quarters 
round the modiolus. It is a little over an inch in length (about 30 mm.) and 
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diminiBhes gradually in size from the base to the summit, where it terminates 
in the cupula, which forms the apex of the cochlea. The commencement of 
this canal is about the tenth of an inch in diameter; it diverges from the 
modiolus towards the tympanum and vestibule, and presents three openings. 
One, the fenestra rotunm, communicates with the tympanum—in the recent 
state this aperture is closed by a membrane, the membrana tympani secun¬ 
daria ; another, of an elliptical form, opens into the vestibule. The third is 
the aperture of the aqueductus cochlefe, leading to a minute funnel-shaped 
canal, which opens on the basilar surface of the petrous bone and transmits 
a small vein, and also forms a communication between the subarachnoid space 
of the skuU and the scala tympani. 

The lamina spiralis ossea is a bony shelf or ledge which projects outwards 
from the modiolus into the interior of the spiral canal, and, like the canal, 
takes two and three-quarter turns roimd the modiolus. It reaches about half¬ 
way towards the outer wall of the spiral tube, and partially divides its cavity 
into two passages or scalm, of which the upper is named the? scala vestibuli, 
while the lower is termed the scala tympani. Near the summit of the cochlea 
the lamina terminates in a hook-shaped process, the hamulus laminae spiralis, 
which assists in forming the boundary of a small opening, the helicotrema, by 
which the two scalae communicate with each other. From the canalis spiralis 
modioli numerous canals pass outwards through the osseous spiral lamina as 
far as its free edge. In the lower part of the first turn a second bony lamina, 
the lamina spiralis secundaria, projects inwards from the outei' wall of the 
bony tube ; it docs not, however, reach the primary osseous spiral lamina, 
so that if viewed from the vestibule a narrow fissure, the fissura vestibuli, is 
seen between them. • 

The Membranous Labyrinth (figs. 867, 868, 869) 

The membranous labyrinth (labyrinthus membranaceus) is lodged within 
the bony eavitiec just di'se-ribed, and has the same general form as the cavities 
in which it is contaiiuid ; it is. however, considerably smaller, and is separated 
from the bony walls by a quantity of fluid, the perilymph. It does not float 
loosely in this fluid, but in certain places is fixed to the w'aUs of the cavity. 
The membranous labyrinth contains fluid, the endolymph, and on its walls the 
ramifications of the auditory nerve are distributed. 


Fro. 867.—The memltranous labyrinth. (Jilnlarged.) 



Within the osseous vestibule the membranous labyrinth does not quite 
preserve the form of the bony cavity, but pres<mts two membranous sacs, the 
utricle and the saccule. 

The utricle (utriculus), the larger of the two, is of an oblong form, com¬ 
pressed laterally, and occupies the upper and back part of the vestibule, l 3 nng 
in contact with the recessus ellipticus and the part below' it. That portion 
which is lodged in the recess forms a sort of pouch or cul-de-sac, the floor 
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and anterior wall of which arc ranch tliicker than elsewhere, and form the 
macula acustica utriculi, which receives the utricular filaments of the auditory 


Fig. 868. —Right human membranous labyrinth, removed from its bony enclosure and 
viewed from the antero-lateral aspect. (G. Retzius.) 



Fig. 860.—The same from tlie 2 iostoro-mcsial aspect. (G. Rotzius.) 



1. Kxternalseiniuirunlurr-aiiul; 1', i(ti ampulla. S. Posterinr canal; S', its ampulla. 3. Superior canal; S', its ampulla. 
4. Conjoined limb of huperiur and poatenor caiiula (ainua ntricali superior), S. Utricle, 6'. necessiis utriculi 
5". Sinus utriculi posterior, K. Ductus eiiiloljrmpliaticus. 7. Canalis utriculo-saccularia. 8. Nerve to ampulla of 
superior canal. 9. Nerve to ampulla of cxteriial canal. 10. Nerve to nicesaus utriculi (in tig. 888, the three branches 
appear conjoined). 10'. Kndlng of nerve in rocfssus utriculi. 11. Vacial nerve. 12. Lagena coriiloie. 18. Nerve of 
cochlea within spiral lamina. 14. Kasilur membrane. lH. Nervo-ilhres to macula of saccule. 16. Nerve to ampulla 
of posterior can^. 17. Saccule. 18. Secondai 7 membrane of tympanum. 19. Oauolia reuiiiens. 20, lllindending 
of cochlear canal In vestibule. 23. Section of the eevcutb and eighth nerves wlttiin internal auditory meatus (the 
separation between them la not apparent in the section). 

















THE EAE 


J063 


nerve and has attached to its internal surface a layer of calcareous particles 
(otoliths). The cavity of the utricle communicates behind with the mem¬ 
branous semicircular canals by five orifices. From its anterior wall is given 
off a small canal, the dv^tua tUriculosaccularis, which opens into the ductus 
endolymi)haticus. 

The saccule (sacculus) is the smaller of the two vestibular sacs ; it is globular 
in form, and lies in the recessus sphserieus near the opening of the scala vesti- 
buli of the cochlea. Its anterior part exhibits an oval thickening, the mamla 
acmtica sacetdi, to which are distributed the saccular filaments of the auditory 
nerve. Its cavity does not directly communicate with that of the utricle. 
From the posterior wall is given off a canal, the dwlus endolymphaticus ; this 
duct is jomed by the ductus utriculo-saccularis, and then passes along the 
aquscductus vestibuli and ends in a blind pouch (saceus endolymphaticus) on 
the posterior surface of the |jctrou8 portion of the temporal bone, where it is 
in contact with th6 dura mater. From the lower part of tlie saccule a short 
tube, the canalis reuniem of Henson, passes downwards and outw’axds to open 
into the ductus cochlcaris near its vestibular extremity (fig. 867). 

The membranous semicircular canals (ductus semicirculares) (fig. 864) 
are about one-fourth of the diameter of the osseous canals, but in number, shape, 
and general form they are precisely f 'milar, and each presents at one end an 
ampulla (ampulla membrariocca). They open by five orifices into the utricle, 
one opening being common to the inner end of the superior and the upjier end 
of the posterior canal. In the ampulla! the wall is thickened, and projects 
into the cavity as a fiddle-shaped, transversely jfiac-ed elevation, the septum 
trnnsversum, in which the nerves eiid. 

The utricle, saccule, and membranous canals are held in position by 
numerous fibrous bands which stndiih across the space between them and the 
bony walls. 

Structure.---The walls of the utricle, saccule, and semicircular canals consist 
of three layers. The outer layer is a loose and flocculcnt structun*, apjiarently 
composed of ordinary fibrous tissue, containing blood-vessels and some 
pigment-cells. I’lie middle layer, thicker and more transparent, forms a 
homogc'iicous membrana propria, and presents on its internal surface, especially 
hi the semicircular canals, numerous papilliform piojections, which, on the 
addition of acetic acid, (‘xhibit an ajipearance of longitudinal fibrillation and 
elongated nuclei. The inner Inyir is formed of polj^gonal nucleated epithelial 
cells. In the macula* of the utricle and saci'ulc. and in ihe transvwse sejita 
of the ampulla; of the (ianals, tlic middle coat is thickened and the eiiithelium 
is liolumnar, and (;onsisls of supporting cells and hair-cells. Tlie former are 
fusiform, and theh deep ends are attached to the membrana projiria, while 
their free extremities are united to form a thin cuticle. The hair-cells are 
flask-shaped, and their deep, rounded ends do not read) the membrana profiria, 
but lie between the supporting cells. 'J’he deep pirt of ('acli contains a large 
nucleus, while its more superficial part is granular and pigmented. The five 
end is surmounted by a long, tapering, hair-like filament, which projects into 
the cavity. The filaments of the auditory nerve enter these parts, and having 
pierced the outer and the thickened middle lawyers, they lose their medullary 
sheaths, and their axis cylinders ramify between the hair-cells. 

Two small rouMcd bodies termed otoconia (otoliths), and consisting of a 
mass of minute crystalline grains of carbonate of lime, licld together in a mesh 
of delicaU; fibrous tissue, are contained in the walls of the utricle and saccule 
opposite the distribution of the nerves. According to Bowman, a calcareous 
material is also sparingly scattered in the ceHs lining the ampullaj of the 
semicircular canals. 

The membranous cochlea, ductus cochlearis, or scala media consists 
of a spirally arranged tube enclosed in the bony canal of the cochlea and 
lying along its outer wall. 

As already stated, the osseous spiral lamina extends only part of the 
distance between the modiolus and the outer bony wall of the cochlea, while 
a membrane, the membrana basilaris, stretches from its free edge to the outer 
wall of the cochlea, and completes the roof of the scala tympani (fig. 870). 
A second and more delicate membrane, the membrane of Jteissner (membrana 
vestibularis) extends from the thickened periosteum covering the lamina 
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spiralis ossea to the outer wall of the cochlea, to which it is attached at some 
little distance from the outer edge of the membrana basilaris. _ A canal is 
thus shut off between the scala tyrapani below and the scala vestibuli above ; 
this is the membrarums canal of the cmMea, ductus cochlearia^ or scala media. 
It is triangular on transverse section, its i-oof being formed by the membrane 
of Reissner, its outer wall by the j)eriosteum which lines the bony canal, and 


Eig. 870.—Floor of scala media, showing the organ of Corti, &o. • 



its floor by the membranji basilaris and the outer part of the lamina sijiraUs 
ossea. On the membrana basilaris is placed the organ of Corti. Reissner’s 
membrane is thin and homogeneous, and is covered on its upper and under 
surfaces by a layer of epithelium. The periosteum, supporting the outer wall 
of the ductus cochlearis, is greatly thickened and altered in character, forming 
what is called the lignmentum sjnrale. It projects inwjards below as a triangular 


Fig. 871. —The la m ina reticularis and subjacent structures. (Schematic.) 

(Testut.) 



A. liitwialpiU»roffJorU,\vitlifl,ithpJrit<*. u. Exterim^ pillar (in yoilow;. c. Tunn©l of Corti. D. Membrana baBilaris. 
K. Iiui©r itiiii-ccllK. i, 1\ Ixitcrnal and cxternttl borderb of the membrana reticiilaris. 2, 2^ 2*. The tliree rowH of 
ciruilur iiolch (in blue). J. Jilmt row of phalange (in yellow). 4,4', 4*. Second, tliird, and foiirtlt rows of phalanges 
(in red), (t, (>, ♦;*. Tlic Uiree rows of outer hair-cells (in blue). 7, 7', 7". Cells of Deitew. S. Cells of Claudius. 

prominence, the crista basilaris, which gives attachment to the outer edge of 
the membrana basilaris, and immediately above which is a concavity, the 
sulcus spiralis exlernus. The upper jmrtion of the ligamentum spirale contains 
numerous capillary loops and small blood-vessels, and forms \^at is termed 
the stria vascularis. 
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Tho lamina spiralis ossea (fig. 872) consists of two plates of bone extending 
outwards ; between these are the canals for the transmission of the filaments 
of the auditory nerve. On the upper plate of that part of the osseous spiral 
lamina which is* outside Reissner’s membrane the periosteum is thickened to 
form the limbus lamince spiralis, and this terminates externally in a concavity, 
the sulcus spiralis internus, whieli presents, on section, tho form of the letter C; 
the upper part of the letter, formed by the overhanging extremity of the 
limbus, is named the labium vestibularc; the lower part, prolonged and 
tapering, is called the labium tymjianicum, and is perforated by numerous 
foramina {^foramina ntrvosa) for the passage of the cochlear nerves. Exter¬ 
nally, the labium tympanicum is continuous with the membrana basilaris. 
The upper surface of the labium vestibulare is intersected at right angles by 
a number of furrows, between which are numerous elevations ; these present 
tho appearanc-e of teeth along the frc(; surface and margin of the labium, and 
have been named by Huschke the auditory teeth. The limbus is covered by 
a layer of what appears to be squamous epithelium, but the deeper parts 
of the cells vdth their contained nuclei occupy the intervals between the 

Fio. 872.—Limbus laminsu spiralis and membrana basilaris. (Schematic.) (Testut.) 





1, 1'. Upper aiiO lower laraelhv of tlie laiuinit t>pirulib os'^oa. t.*. LiiubiiH himiiur spiralN, vtitli a„ tlie teeth of the first 
row ; ft, ft', the auditory teeth of tho other rows; the uiterdout'il f^roo%<a» jimiI tlio ccUh winch an* lodged iii thorn. 
S. Sulcus .sjuruhs internus, witli 3', its labium >ustibulure, and 3", its labiiiin tympanicum. i. Foruiuinu nervosa, 
giving paoHogo to tiiu jiervi^ from the gangliun spirulc or gaugUon of ('orti. 5. V«ib spirale. 0. Zona arcuatii, and 
t>, Kooa pretiuata of the huHihir inemhraiu*, with c, ii» hyalint* layer, /f, its conuc(*tive-tit%nue layer. 7. Arch of 
(.'orti, with 7', its innoi rod, and 7", its outer rod. 8. I'wt «»f the internal rods, from winch the cells ore renioied. 
It. Veet of tiiu external rods. lU. McmbraiiG of Iteissiter, at its iirigm. 


elevations and between the auditory teeth. This layer is continuous on the one 
hand with that which lines tho sulcus s])iralis .internus, and on the other with 
that which covers the under aspect of Reissner’s membrane. Tho basilar 
membrane may divided into two areas, iniuu' and outer. The inner is 
thin, and is named the zona arcuata : it supports the organ of Corti. The outer 
is thicker and striated, and is termed the zona pectinata. The under surface 
■of the membrane is covered by a layer of vascular connective tissue. One 
of the vessels in this tissue is somewhat larger-than the rest, and is named 
the vas spirals ; it lies below Ooiti’s tuimel. 

Organ of Corti (organon spirale).—^This organ (figs. 871, 873) is situated 
upon Uie inner part of the membrana basilaris, and appears at first sight as a 
papilla, winding spirally throughout the whole length of the ductus cochlearis, 
from which circumstance it has been designated the papilla spiralis. More 
accurately viewed, it is seen to be composed of a remarkable arrangement 
of cells, wdiich may be likened to tho keyboard of a pianoforte. Of these cells, 
the central ones are rodlike bodies, and are called the inner and outer rods of 
Corti. Their bases are expanded and placed on tho basilar membrane, at 
some little distance from each other, w'hile their intermediate portions are 
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inclined towards each other, so that the rods meet at their opposite extremities, 
and form a series of arches roofing over a minute tunnel, the tunnel of Gorti, 
between them and the basilar membrane ; this tunnel ascends spirally through 
tJio whole length of the cochlea. * 

The inner rods, some 6,000 in number, rest by means of expanded 
foot-plates on the basilar membrane, close to the labium tympanicum; they 
project obliquely upwards and outwards, and terminate above in expanded 
extremities, each of which resembles in shape the upper end of the ulna, with 
its sigmoid cavity. ct)ronoid and olecranon processes. On the outer side of 
the rod, in the angle formed betw'ccn it and the basilar membrane, is a nucleated 
mass of protoplasm ; while on tin; iimcT side is a row of epithelial cells {inner 
hair-cells) , each surmounted by a brush of fine, stiff, hair-like processes. On the 
inner side of these cells arc two or three rows of columnar supporting cells, 
which are continuous with the cubical cells lining the sulcus spiralis intemus. 

The outer rods, numbering about 4,000, also rest by brotvd foot-plates on 
the basilar membrane; they incline upwards and inwards, and the umjer 
extremity of each roseniblcs the h(*ad and bill of a swan ; the back of the head 

Flo. 873.—Section through the organ of Corti. Magnified. (G. Itetzius.) 

outer hair eclU ' 



fitting into the concavity—the analogue of the sigmoid cavity—of one or more 
of the internal rods, and the bill projecting outwards as a phalangeal prooess 
of the membrana reticularis, iwesently to be described. 

In the head of the outer rod is an oval portion wliere the fibres of which 
the rod appears to be composed are deficient; it stains more deeply with 
carmine than the rest of the rod. At the base of the rod, on its internal side 
—that is to say, in the angle formed by the rod with the basilar membrane 
—is a similar protoplasmic mass to that found on the outer side of the base of 
the inner rod; these masses of protoplasm are probably flie undifferentiated 
portions of the cells from which the rods are developed. External to the 
outer rod are three or four, successive rows of epithelial cells, more elongated 
than those found on the internal side of the inner rod, but, like them, furnished 
with minute hairs or cilia. Q’hese arc termed the outer hair-cells, in contra¬ 
distinction to the inner hair-cells above referred to. The outer hair-cells 
number about 12,000, the iimcr about 3,600. 

The hair-cells are somewhat oval in shape ; their free extremities are on 
a level witli the heads of Corti’s rods, and from each some tw'enty fine hairlets 
project and are arranged in the form of a crescent, the concavity of which 
opens inwards. The deep ends of the ceils arc rounded and contain large 
nuclei: they reach only as far as the middle of Corti’s rods, and are in contact 
with the ramifications of the nervous filaments. Between the rows of the outer 
hair-cells are rows of supporting cells, called the cells of Deiters ; their expanded 
bases are.planted on the basilar membrane, while the opposite end of each 
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presents a clubbed extremity or phalangeal process. Immediately to the 
outer side of Deiters’ cells are some five or six rows of columnar cells, the 
supporting cells of Hensen. Their bases are narrow', wliile their upper parts 
are expanded tfnd form a rounded elevation on tlie floor of the ductus 
cochlearis. The columnar cells lying outside Hensen’s cells are termed the 
cells of Glatulitis. A space is seen between the outer rods of Corti and the 
adjacent hair-cells ; this is called the space of Nuel. 

The lamina reticularis or membraw, of KiiUiker is a delicate framework 
perforated by rounded holes. It extends from the heads of the outer rods of 
Corti to the external row of the outer hair-cells, and is formed by several row’s 
of ‘ minute fiddle-shajjed cuticular structures,’ called phalanges, between 
which are circular apertures containing the free ends of the hair-cells. 1’he 
innermost row of phalanges consists of the phalangeal processes of <hc outer 
rods of Corti ;-the outer row's are formed by the modified free ends of lleiters’ 
cells. 

Fio. 874.—Longitudinal section of the cochlea, 
showing the relations of the scal.T, the ganglion spirale, &c. « 



H.V. Srala vc8Uhiih. S.T. Scula t uiipanL S.M. Sralu media. L.S. Id^'ainciitum sjurale. 

G.s. siiirale. 


Covering over these structures, but not toucliing them, is the membrana 
tecturia, or membrane of Corti, wiiich is attached to the limbus laminaj spiralis 
close to the inner edge of tlic membrane of Reissner. It is thin near its inner 
margin, and overlies the auditory teeth of Huschke. Its outer hfdf is tliick, 
and along its lower edge, opposite the inner hair-cells, is a clear band, named 
Hensen's stripe. Externality, the membrane becomes much thinner, and is 
attached to the outer row' of Deiters' (iclls (Retzius). 

The osseous labyrinth is lined by an exceedingly thin fibro-serous membrane, 
analogous to a periosteuni, from its close adhesion to the inner surfaces of 
these cavities, and pcrfoiming the ofl&ce of a serous membrane by its free 
surface. It lines the vestibule, and from this cavity is continued into the 
semicircular canals and the scala vestibuli of the cochlea, and through the 
helicotrema into the scala tympani. A delicate tubular pn)ces8 is prolonged 
along the aqueduct of the vestibule to the inner surface of the dura mater. 
This membrane is continued jmross the fenestra ovalis and rotunda, and 
consequently has no communication with the lining membrane of the 
tympanum. Its attached surface is rough and fibrous, and closely adhei’cnt to 
the bone ; its free surface is smooth and pale, covered with a layer of epithelium, 
and secretes a thin, limpid fluid, the perilymph. 

The ductus cochlearis or scala media is closed above and below. The 
upper blind extremity is termed thq lagena, and is attached to the cupula at 
the upper part of the helicotrema; the lower end is lodged in the rccessus 
cochlearis of the vestibule. Near this blind extremity, the scala media receives 
- 3 Y 
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the canalia reuniem of Hensen (fig. 867), a very delicate caual, by which the 
ductus cochlearis is brought into continuity with the saccule. 

The auditory nerve, the special nerve of the sense of hearing, divides, 
at the bottom of the internal auditory meatus, into two branches, the cochlear 
and vestibular. 

The vestibular nerve, the posterior of the two, presents, as it lies in the 
internal auditory meatus, a ganglion, the ganglion of Scarpa, the cells of which 
constitute the real origin of the nerve ; it divides into three branches, which 
pass through minute openings at the upper and back part of the bottom of the 
meatus {aren vestibularis superior), and, entering the vestibule, are distributed 
to the utricle and to the ampullae of the external and superior semicircular canals. 

. The nervous filaments enter the 



ampullary enlargements opposite 
the septum transversum, and 
arborise ainund the hair-cells. 
In the utricle and saccule the 
nerve-fibres pierce the membrana 
propria of the maculae, and end in 
arborisations round the hair-cells. 

The cochlear nerve gives off 
the branch to the saccule, the 
filaments of which are transmitted 
from the internal auditory meatus 
through the foramina of the area 
vestibularis inferior, wliich lies at 
the lower and back part of the 
floor of the meatus. It also gives 


off the branch for the ampulla of 
the posterior semicircular caual, wliich loaves the meatus through the 
foramen singulare. 


The rest of the cochlear nerve divides into numerous filaments at the base 


of the modiolu.s : tlioso for the basal and middle coils pass through the foramina 
in the i ractus foraniinosus, those for the apical coil through the canalis cen¬ 
tralis, and the nerves bend outwa,rds to pass between the lamellae of the osseous 
spiral lamina. Occupying the spiral canal of the modiolus is the ganglion, 
spirals cochlece (fig. 875), consisting of bipolar nerve-cells, which really con¬ 
stitute the true cells of origin of this nerve, one pole being prolonged centrally 
to the brain and the other peripherally to the hair-cells of Cord’s organ. 
Reaching the outer edge of the osseous spiral lamina, they pass through the 
foramina in the labium tympanicum; some end by arborismg around the bases 
of the inner hair-cells, while others pass between Corti’s rods and through the 
tunnel, to terminate in a similar manner in relation to the outer hair-cells. 


Vessels .—^The arteries o f the labyrinth arc the internal auditory, from the basilar, and the 
stylo-mastoid, from the posterior auricular. The internal auditory divides at the bottom 
of the internal meatus into two branches : cochlear and vestibular. The cochlear branch 
subdivides into twelve or fourteen twigs, which traverse the canals in the modiolus, 
and are distributed, in the form of a capillary network, in the lamina spiralis and 
basilar membrane. The vestibular branches accompany the nerves, and are distributed, 
in the form of a minute capillary network, in the substance of the membranous labyrinth. 

The veins (auditory) of the vestibule and semicircular canals accompany the arteries, 
and, receiving those of the cochlea at the base of the modiolus, terminate in the posterior 
part of tho superior petrosal sinus nr in the lateml sinus. 

Applied Anatirmy .—The diseased conditions which may bo found in tho internal oar 
usually result from tho spread of a suppurative process from the middle ear—^thus in 
chronic suppuration of the latter, destruction of tho internal ear may take place, with 
necrosis of parts of the cochlea or vestibule. Such cases will be associated with ‘ nerve 
deafness,’ and the disease may spread by means of the sheaths of the facial and auditory 
nerves into the posterior fossa of the skull. 

Heemorrhage occasionally occurs into the labyrinth in certain blood disorders, resulting 
id complete ‘nerve deafness,’ and such conditions may be associated with symptoms 
known as ‘ Meniere’s disease,’ vertigo, giddiness, and tinnitus. Nerve deafness is diagnosed 
when all ‘ bone-conduction ’ of sound is lost, and is most commonly seen in patients 
suffering from congenital syphilis, many deaf-mutes being the subjects of this condition. 


SPLANCHNOLOGY 


U NDER this heading are included the respiratory, digestive and uro-genital 
organs, ajid the ductless glands. 

RESPIRATORY ORGANS 

The respiratory organs (apparatus resj)iratorius) consist of the larynx 
or organ of voice, the trachea, bronclii, lungs and filcurae. 

The Larynx 

The larynx, or organ of voice, is placed at the upper part of the air-passage. 
It is situated between the trachea and base of Ihe tongue, at the upper 
and fore part of the neck, where it forms a considerable projection in tha middle 
line. On either side of it lie the. great vessels of the neck ; it forms the lower 
part of the anterior wall of the pharynx, and is covered behind by the mucous 
lining of that cavity. Its vertical extent corresponds to the fourth, fifth, 
and sixth cervical vertebrae, but it is placed somewhat higher in the female 
and also during childhood. In infants between six and twelve months of age 
Symington found that the tip of the e|)iglottis was a little above the level of 
the cartilage between the odontoid process and body of jthe axis, and that 
between infancy and adult life the larynx descends for a distance equal to two 
vertebral bodies and two intervertebral discs. According to Sappey the average 
measurements of the adult larvnx are as follows : 


III males In females 

Length.44 mm. 36 mm. 

Transverse diameter . . . 43 ., 41 ,, 

Antero-posterior diamctei-. . 36 „ 26 ,, 

Circumference .... 136 .. 112 ,, 


Until puberty the larynx of the male and that of the female differ little in 
size. In the female its further increase at jiubcrty is only slight, whereas in 
the male it is great; all the cartilages are enlarged and the thyroid becomes 
prominent in the middle line of the neck, while the length of the glottis is 
nearly doubled. 

The larynx is broad above, where it presents the form of a triangular box, 
flattened behind and at the sides, and bounded in front by a prominent vertical 
ridge. Below, it is narrow and cylindrical. 11 is composed of cartilages, which 
are connected together by ligaments and moved by numerous muscles. It is 
lined by mucous membrane which is continuous above with that of the pharynx 
and below with that of the trachea. 

The cartilag^es of the larynx (cartilagines laryngis) (fig. 876) arc nine in 
number, three single, and three paired, as follows ; 

Thyroid. Two Arytenoid. 

Cricoid. _ Two Cornicula laryngis. 

Epiglottis. Two Cuneiform. 

The thyroid cartilagfe (cartilage thyreoidea) is the largest cartilage of 
the larynx. It consists of two alae or lamina? the anterior borders of which 
are fused with each other at a right angle in the middle line of the neck, and 

3 Y 2 



1060 


SPLANCHNOLOGY 


form a subcutaneous projection named the potnum Adami (prominentia 
laryugca). This prominence is most distinct at its upper part, and is larger in 
the male than in the female. Immediately above it the aim are separated by 
a V-shaped notch, *the thyroid notch (incisura thyreoidea superior). The ala? 
are irregularly quadrilateral in shape, their posterior angles being prolonged 
into processes termed the superior and inferior corniio. 

Tne Older surface of each ala presents an obligm ridge (linea obliqua) which 
runs downwards and forwards from a tubercle situated near the root of the 


Frct. 876.—The cartilages of the larynx. 
Posterior view. 



Corniriihi hiri/iigih 



Arytnidiil cartilngps, hai>r 



superior cornu, to another on 
the lower border. This ridge 
gives attachment to the 
Sterno-thyroid and Thyro¬ 
hyoid, and from the portion 
of cartilage included between 
it and the posterior border a 
part of the Inferior constrictor 
muscle takes origin. 

The inner surface is 
smooth ; above and behind, 
it is sliglitly concave and 
covered by mucous mem¬ 
brane. In front, in the re¬ 
ceding angle formed by the 
junction of the aim, are 
attached the epiglottis, the 
true and false vocal cords, 
the Thyro-arydenoideus and 
Thyro-epiglottideus muscles, 
and the thyro-cpiglottic liga¬ 
ment. 

The upper border is con¬ 
cave behind and convex in 
front; it gives attachment to 
the corresponding half of the 
thyro-liyoid membrane. 

The lower border is con¬ 
cave behind, and nearly 
.straight in front, the two 
parts being separated by the 
inferior tubercle. A small 
part of it in and near the 
median line is c.onnected to 
the cricoid cartilage by the 
middle portion of the crico¬ 
thyroid membrane. 

The posterior border, thick 
and rounded, receives the 
insertions^ of the Stylo- 
pharyngeus and Palato- 
pharyngeus muscles. It 
terminates above, in the 
superior cornu, and below, in 
the inferior cornu. The 


superior cornu (cornu supe- 
rius) is long and narrow, directed upwards, backwards, and inwards, and 
ends in a conical extremity, which gives attachment to the lateral thyro-hyoid 
ligament. The inferior cornu (cornu inferius) is short and thick ; it is directed 
downwards, with a slight inclination forwards and inwards, and presents, 
on its inner surface, a small oval articular facet for articulation with the side 
of the cricoid cartilage. 

During infancy the aim of the thyroid cartilage are joined to each other by a 
narrow, lozenge-shaped strip, named the irdrathyroid cartilage. This strip 
extends from, the upper to the lower border of the cartilage in the middle 
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line, and is distinguished from the alae by being more transparent and more 
flexible. 

The cricoid cartilagfe (cartilago cricjoidea) is so called from its resemblance 
to a signet ring. It is smaller, but thicker and stronger than the thyroid 
cartilage, and forms the lower and back part of the w^l of the larynx. It 
consists of two parts : a quadrate portion, situated behind, and a narrow ring 
or arch, one-fourth or one-fifth of the depth of the posterior part, situated in 
front. The posterior square portion rapidly narrows at the sides of the cartilage, 
at the expense of the upper border, into the anterior portion. 

The 'posterior portion is very deep and broad, and nieasures from above 
downwards about an inch (2 to 3 cm.) ; it presents, on its posterior surface, 
in the middle line, a vertical ridge for the attachment of the longitudinal fibres 
of the oesophagus; and on cither side of this a broad depression for the 
C’rico-arytcnoideus posticus muscle. 

The anterior portion is narrow and convex, and measures vertically about 
one-fourth or one-fifth of an inch (7 to 5 mm.) ; it affords attachment 
externally in front and at the sides to the CVico-thyroid muscles, and behind, 
to part of the Inferior constrictor. 

At the junction of the jiostcrior quadrate portion with the rest of the 
cartilago is a small round articular eminence on either side, for articulation 
with the inferior cornu of the thyroid cartilage. 

The lower border of the cricoid cartilage is horizontal, and connected to the 
uppei- ring of the trachea by a fibrous membrane. 

The upper border is directed obliquely upwards and backwards, owing to the 
gi'eat depth of the posterior surface. It gives attachment, in front, to the middle 
portion of the crico-thyroid membrane ; at the sides, to the lateral portions of 
the same membrane and to the Crico-arytenoidcus lateralis muscles ; behind, it 
presents, in the middle, a shallow notch, and on either side of this is a smooth, 
oval, convex surface, directed upwards and outwards, for articulation with the 
base of an arytenoid cartilage. 

The mner surface of the cricoid cartilage is smooth, and lined by mucous 
membrane. 

The arytenoid cartilages (cartilagines arvtajnoideoe) are two in number, 
and situated at the upper border of tire cricoid cartilage, at the back of the 
larynx. Each cartilage is pyramidal in form, and presents for examination 
three surfaces, a base, and an apex. 

The posterior surface is triangular, smooth, concave, and gives attachment 
to the Arytenoideus muscle. 

The antero-erternal surface is somewhat convex and rough. It presents 
rather below its centre a transverse ridge, to the inner exti’emity of which is 
attached the false vocal cord ; to the outer part, as well as to the surfaces above 
and below it, the Thyro-arytonoideus muscle is inserted. 

The internal surface is narrow, smooth, and flattened, covered b3’^ mucous 
membrane, and forms the lateral boundary of the respiratory part of the glottis. 

The Ihisc of each cartilage is broad, and presents a concave smooth surface, 
for articulation with the cricoid cartilage. Two of its angles require special 
mention : the external, which is short, rounded, and prominent, projects back¬ 
wards and outwards, and is termed the processus muscularis ; it gives insertion 
to the Crico-arytenoideus posticus behind, and to the Crico-arytenoideus 
lateralis in front. The anterior angle, also prominent, but more pointed, 
projects horizontally forwards, and gives attachment to the true vocal cord. 
This angle is called the processus vocalis. 

The apex of each cartilage is pointed, curved backwards and inwards, and 
surmounted by a small conical, cartilaginous nodule, the corniculum laryngis. 

The cornicula laiyngis or cartilages of Santorini (cartilagines corni- 
culatae) are two small conical nodules, consisting of yellow elastic cartilage, 
which articulate with the summits of the arytenoid cartilages and serve to 
prolong them backward and inwards. They are situated in the posterior 
parts of the aryteno-epiglottic folds of mucous membrane, and are sometimes 
united to the arytenoid cartilages. 

The cuneiform cartilages or cartilages of Wrisberg (cartilagines 
cuneiformes) are two small, elongated pieces of yellow elastic cartilage, placed 
one on either side, in the aryteno-epiglottic fold, where they givje rise to small 



1062 SPLANCHNOLOGY 

whitish elevations on the inner surface of the mucous membrane, just in front 
6f the arytenoid cartilages. 

The epiglottis is a thin lamella of fibro-cartilage, of a yellowish oolo^, 
shaped like a leaf, and projecting behind the tongue, in front of the superior 
opening of the larynx. The projecting extremity is broad and rounded ; the 
attached part or apex is long, narrow, and connected to the receding angle 
between tlie two ala) of the thyroid cartilage, just below the median notch, 
by a ligamentous band, the thyw-epiglottic ligament (lig. thyreoepiglotticum). 
The lower part of its anterior surface is connected to the upper border of the 
body of the hyoid bone by an elastic ligamentous band, the hyo-epighttic 
ligament. 

The anterior or lingwil surface is curved forwards towards the tongue, and 
covered on its upper, free part by mucous membrane which is reflected on to 
the sides and base of the.organ, forming a median and two lateral folds, the 


Fig. 877.—^The ligaments of the larynx. Anlei'O-latcral view. 
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glosso-epightlic folds ; the lateral folds are partly attached, to the wall of the 
pharjynx. The depressions between the ejuglottis and the base of the tongue, 
on either side of the median fold, are named the valleculce. The lower part 
of the anterior surface lies behind the hyoid bone, the thyro-hyoid membrane, 
and upper part of the thyroid cartilage,'but is separated from these structures 
by a mass of fatty t-issue. 

The 'posterior f>r laryntjeal surface is smooth, concave from side to side, 
concavo-convex from above downwards; its lower part projects backwards as 
an elevation, the tubercle or cushion (tuberculum epiglotticum). When the 
mucous membrane is removed, the surface of the cartilage is seen to be indented 
by a number of small pits, in which mucous glands are lodged. To its sides 
the aryteno-epiglottic folds are attached. 

Stmotore.—The comicula laryngia and cuneiform cartilages, the opiglottiB, and the 
apices of the arytenoids at first consist of hyaline cartilage, but later elastic fibres grow in 
from the perichondrium, and eventually they are converted into yellow fibro-cartilage. 



THE LARYNX 


1063 


which ahowB little tendency to calcification. The.thyroid, cricoid, and the greater part of 
the arytenoids consist of hyaline cartilage, and become more or less ossified as age advancee. 
Ossification commences'about the twenty-fifth year in the thyroid cartUage,and somewhat 
later in the cricoid and arytenoids; by the sixty-fifth year these cartilages may be 
completely converted into bone. 

Ligaments.— The ligaments of the larynx (figs. 877, 878) are extritisic, 
i.e. those connecting the thyroid cartilage and epiglottis with the hyoid bone, 
and the cricoid cartilage with the trachea; and intrinsic, those which connect 
the several cartilages of the laiynx to each other. 

Extrinsic ligaments .—The ligaments connecting the thyroid cartilage with 
the hyoid bone are three in number—the thyro-hyoid membrane, and the two 
lateral thyro-hyoid ligaments. 

The thyro-hyoid membrane (membrana hyothyreoidea) is a broad, fibro- 
elastic. membranous layer, attached below to the upper border of the thyroid 
cartilage, and above to the upper margin of the posterior surface of the body 
and greater cornua of the hyoid bone, thus passing behind the posterior surface 


Fia. 878.—Ligaments of the larynx. Posterior view. 
Hycitl hone 
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of the body of the hyoid, and being separated from it by a synovial bursa, which 
facilitates the upward movement of the larynx during deglutition. It is thicker 
in the mid^e line than at either side, and is pierced, in the latter situation, 
by the superior laryngeal vessels and the internal laryngeal nerve. Its anterior 
surface is in relation with the Thyro-hyoid, Sterno-hyoid, and Omo-hyoid 
muscles, and with the body of the hyoid bone. 

The lateral thyro-hyoid (lig. hyothyreoideum laterals) is a round 

elastic cord, which passes between the superior cornu of the ala of the thyroid 
cartilage and the extremity of the greater cornu of the hyoid bone. A small 
cartilaginous nodule {cartilago triticea), sometimes bony, is frequently found 
in it. 
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The ligament connecting the epiglottis with the hyoid bone is the hyo- 
ejaiglottic. In addition to this extrinsic ligament, the epiglottis is connected to 
tne tongue by the three glosso-ejjiglottic folds of mucous membrane, which 
may also be considered as extrinsic ligaments of the epiglottis. 

The hyo-^pighttic li^mmnt (lig. hyoepiglotticum) is an elastic band, which 
extends from the anterior surface of the epiglottis to the upper border of the 
body of the hyoid bone. 

Intrinsic ligaments .—The ligaments connecting the thyroid cartilage to the 
cricoid arc three in number—the cri(!o-thyroid membrane, and the capsular 
ligaments. 

The crico-thyroid membrane is composed mainly of yellow elastic tissue. It 
consists of three parts, a central, tnangular portion and two lateral portions. 
The central part (lig. cricotliyreoid(*um medium) is thick and strong, narrow 
above and broad below. It connects together the contiguous margins of 
the thyroid and cricoid cartilages. It is convex, concealed on either side 

by the (Mco-thyroidous, but 

Fig. 879. —Sagittal section of the larynx and subcutaneous in the middle 
upjwr i)art of the trachea. linn ; it is crossed horizontally 

by a small anastomotic arterial 
arch, formed by the junction of 
the two crico-thyroid arteries. 
TJie lateral portions are thinner 
and lie. close under the mucous 
membrane of tlie larynx; they 
extend from the superior border 
of the cricoid cartilage to the 
inferior margin of the true vocal 
cords, with which they are con¬ 
tinuous. Those cords may there¬ 
fore be regarded as the free 
borders of the lateral portions 
of the crico-thjToid mem¬ 
brane ; they extend from the 
vocal processes of the arytenoid 
(iartilages to the receding angle 
of the thyroid cartilage near 
its centre. TJic lateral por¬ 
tions are lined internally by 
mucous membrane, and covered 
externally by the Crico-ary- 
tenoideus lateralis and Thyro- 
arytenoidous muscles. 

Acapsular UgamerU, strength¬ 
ened posteriorly by a well- 
marked fibrous band, encloses 
the articulation of the inferior 
cornu of the thyroid with the cripoid cartilage on each side. The articulation 
is lined by synovial membrane. 

Each arytenoid cartilage is connected to the cricoid by' a capsular and a 
posterior crico-arytenoid Ugatnent. The capsular ligament is thin and loose, 
and is attached to the margins of the articular surfaces, and lined by synovial 
membrane. The posterior arico-arytenoid ligament (lig. cricoarytaenoideum 
posterius) extends from the cricoid to the inner and back part of the base of 
the arytenoid. 

The thyro-epigloftic ligament (lig. thyreoepiglotticum)’is a long, slender, 
elastic cord which connects the apex of the epiglottis with the receding angle 
of the thyroid cartilage, immediately beneath the median notch, above the 
attachment of the vocal cords. 

The crico-tracheal ligament (lig. cricotracheale) connects the cricoid cartilage 
with the first ring of the trachea. It resembles the fibrous membrane which 
connects the cartilaginous rings of the trachea to each other. 

Movements. —The articulation between the inferior cornu of the thyroid 
cartilage and the cricoid cartilage on either side is a diarthrodial one, and 
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Fio. 880.—Coronal Hcction of larynx and 
upi)er part of trachea. 


permits of rotatory and gliding movements. The rotatory movement is one 
in which the inferior cornua of the thyroid cartilage rotate upoif the cricoid 
cartilage around an axis passing transversely through both joints. The 
.gliding movement consists in a limited 
shifting of the cricoid on the thyroid 
in different directions. 

The articulation between tlie 
arytenoid cartilages and the cricoid 
is also a diartlirodial one, and permits 
of two varieties of movement: one a 
rotation of the arytenoid on a vertical 
axis, whereby the vocal process is 
moved outwards or inwards, and the 
opening of the riraa glottidis increased 
or diminished ; the otJier is a gliding 
movement, and allows the arytenoid 
cartilages to approach oi' recede 
from eacl) other; from the direction 
and slope of the articular surfar<’s 
outward gliding is accompanied by a 
forward and dounward inovemenl 
The two movements of gliding and 
rotation are associated, tlu‘ gliding 
inwards being connected with inward 
rotation, and the gliding outwards 
w ith outward rotation. Tlic posterior 
crico-arytenoid ligaments limit the 
forward movement of the arytenoid 
cartilages on the cricoid. 

Interior of the larynx (figs. 879, 

88t)).— 'riic cavity of the larynx (cavum 
laryngis) extends from its superior 
aperture to the lower border of the 
cricoid (tartilage. It is divided into 
two parts by the jnojcction inwards 

of the true vocal cords, bi'twcen w hiidi is a narrow triangular fissure or chink, 
the rimtt glottidis. 1'hc portion of the cavity of the larynx above the true 
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Ftc, 881.— Larynx, viewed fiom above. (Testut.) 
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vocal cords, sometimes called the vestibule (vestibulum laryngis), is wide and 
triangular in shape, its base or anterior w-all presenting, however, about its 
centre the backward projection of the cushion of the epiglottis. It contains 
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the false vocal cords, and between these and the true vooal cords are the 
ventricles of the larynx. The portion below the true vocal cords is at first 
of an elliptical form, but lower down it widens out, assumes a circular form, 
and is continuous with the tube of the trachea. 

The superior aperture of the larynx (aditus laryngis) (fig. 881) is a triangular 
or cordiform opening, Avide in front, narrow behind, and sloping obliquely 
doAvnwards and backwards. It is bounded, in front, by the epiglottis ; betdnd, 
by the apices of the arytenoid cartilages and the cornicula laryngis; and on 
either side, by a fold of mucous membrane, enclosing ligamentous and muscular 
fibres, stretched between the side of the epiglottis and the apex of the arytenoid 
cartilage; this is tlie aryteno-epiglottic fold (plica aryepiglottica), on the 
margin of which the cuneiform cartilage forms a more or less distinct whitish 
prominence. 

The superior or false vocal cords (plicae ventriculares), so called because 
they are not directly concerned in the production of the voice, are two thick 
folds of mucous membrane, each enclosing a narrow band of fibrous tissue, the 
superior thyro-arytenoid ligament. Tliis is attached in front to the angle of 
the thyroid cartilage immediately below the attachment of tlie epiglottis, and 
behind to the antero-cxternal surface of the arytenoid cartilage, a short distance 
above the vocal process. The loAver border of this ligament, enclosed in 
mucous membrane, forms a free crescentic margin, which constitutes the upper 
boundary of the ventricle of the larynx. 

The inferior or true vocal cords (plicaj vocalcs), so called from their being 
concerned in the production of sound, are two strong bands, named the 
inferior thyro-arytevAjid ligaments. Eacli ligament consists of a band of yellow 
elastic tissue, attached in front to tJie depression between the two alae of 
the thyroid cartilage, and behind to the vocail process of the base of the 
arytenoid. Its low'er border is continuous with the thin lateral part of 
the crico-thyroid membrane. Its upper border forms the lower boundary 
of the ventricle of the larynx. Externally the Thyro-arytenoideus muscle 
lies parallel wdth it. It is covered internally by mucous membrane, which 
is extremely thin, and closcdy adliercnt to its surface. 

The ventricle of the larynx or laryngeal sinus (vcnti-iculus laryngis) is an 
oblong fossa, situated betw'een the superior and inferior vo(;al cords on either 
side, and extending nearly their entire length. The fossa is bounded, above, 
by the free crescentic e4gc of the false vocal cord; below' by the straight 
margin of the true vocal cord ; externally, by the mucous membrane covering 
the corresponding Thyro-arytenoideus muscle. The anterior part of tlie 
ventricle leads up by a narrow opening into a caical iioucli of mucous membrane 
of variabhi size, called the laryngeal saccule. 

The laryngeal saccule (appendix ventriculi laryngis) is a membranous sac, 
placed betivecn the superior vocal cord and the inner surface of the thyroid 
cartilage, occasionally extending as far as its upper border or oven higher ; 
it is conical in form, and curved slightly backwards. On the surface of its 
mucous membrane are the openings of sixty or seventy mucous glands, which 
are lodged in the submucous areolar tissue. This sais is enclosed in a fibrous 
capsule, continuous below wdth the superior thyro-arytenoid ligament: its 
laryngeal surface is covered by a few’ delicate muscular fasciculi, which arise 
from the apex of the arytenoid cartilage and become lost in“the fold of mucous 
membrane extending between the arytenoid cartilage and the side of the 
epiglottis (they were named by Hilton the compressor saccvli laryngis) ; while 
its exterior is covered by the Th 3 rro-arytend’ideus and Thyro-epiglottideus 
muscles. These rnusiJcs compress the laryngeal saccule, and express the 
secretion it contains upon the vocal cords to lubricate their surfaces. 

The rima glottidis is the elongated fissure or chink between the inferior or 
true vocal cords in front, and tlie bases and vocal processes of the arytenoid 
cartilages behind. It is therefore frequently subdivided into a larger anterior 
inter-ligamentous or vocal portion, the glottis vocalis (pars intramembranacea), 
W’hich measures about three-fifths of the length of the entire aperture, 
and a posterior intercartilaginous or respiraUrry part, the glottis respiratoria 
(pars intercartilaginea). Posteriorly it is limited by the mucous membrane 
passing between the arytenoid cartilages. The rima glottidis is the narrow'est 
part of the cavity of the larynx, and its level corresponds with the bases of the 
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arytenoid cartilages. Its length, in the male, measures rather less than an 
inch (23 mm.); in the female it is shorter by 6 or 6 mm. The width and 
shape of the rima glottidis vary with the 
movements of the vocal cords and aiyte- 
noid cartilages during respiration and 
phonation. In the condition of rest, i.e. 
when these structures are uninfluenced by 
muscular action, as in quiet respiration, 
the glottis vooalis is triangular, with its 
apex in front and its base behind—the 
latter being represented by a lino, about 
8 mm. long, connecting the anterior ex¬ 
tremities of the vocal processes, w'hile the 
inner surfaces of the ary tenoids are parallel 
to each other, and hence the glottis respi- 
ratoria is rectangular. During extreme 
adduction of tlie cords, as in the emission 
of a high note, the glottis voeaUs is re¬ 
duced to a linear slit by the apposition of 
the cords, while the glottis respiratoria is 
triangular, its apex corresponding t(' the 
anterior extremities of the vocal processes 
of tile arytenoids, which are approximated 
by the inw'ard rotation of the cartilages. 

(’onversely in extreme aliduction of the 
cords, as in forced inspiration, the 
arytenoids and their vocal processes are 
rotated outwards, and tlie glottis respi¬ 
ratoria is triangular in shape but with 
its apex directed backwards. In this condition the entire glottis is some- 
wliat lozenge-shaped, the sides of the glottis vocalis diverging from before 

backwards, those of the 
glottis respiratoria diverging 
from behind forwards - the 
widest part of the aptwtnre 
corresponding with tlu^ 
attachments of tlie cords to 
the vocal processes. 

Muscles. — The muscles 
of the larynx are cxirinnir, 
passing betw'een the larynx 
and parts around—these have 
be<!n described in the sec¬ 
tion on Myology; and in¬ 
trinsic, confined entirely to 
tlie larynx. 

The intrinsic muscles 


Crico-thyi’oideus. 
(kico-arytenoideus 
posticus. 

Crico-arytenoidcus 
lateralis. 
Arytenoideus. 
Thyro-arytenoideus. 

The Crico-thyroidens (m. 
cricothyreoideus) (fig. 882) 
is triangular in form, and 
situated at the fore part and 
side of the cricoid cartilage. It arises from the front and lateral part 
of the cricoid cartilage; its fibres diverge, passing obliquely upwards and 


Fm. 883.—Mii-sclea of larynx. Posterior view. 
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Fig. 882.—Side view of the larynx, 
showing muscular attachments. 
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outwards, to be inserted into the lower border of the ala of the thyroid 
cartilage, and the anterior border of the inferior cornu. 

The inner borders of the two 
Fm. 884.—Muscles of larynx. Side view. muscles are separated in the 

Kifjht ala of thyroid cartilage removed. juiddlo line by a triangular 

interval, occupied by the central 
part of the crico-thyroid 
membrane. 

The Grica-aryU>noidc.us fosticus 
(m. ericoarytaenoideus posterior) 
(fig. 883) arises from the broad 
depression on the corresponding 
half of the posterior surface of 
the cricoid cartilage; its fibres 
run upwards and outwards, and 
converge to be inserted into the 
posterior surface of the muscular 
process at tlie base of the 
arytenoid cartilage. The upper¬ 
most fibres are nearly horizontal, 
the middle oblique, and the lowest 
almost vertical. 

The Crico-arytmoidt^us lateralis 
(rn. crieoarytjcnoideus lateralis) 
(fig. 884) is smaller tlian the pre¬ 
ceding, and of an oblong form. 
It arises from tlie upper border of 
the side of the cricoid cartilage, 
and, passing obliquely U])wards 
and backwards, is inserted into 
the front of the muscular process 
of the arytenoid cartilage. 

The Aryle7ioideus (m. ary- 
tsenoideus) (fig. 883) is a single 
muscle, filling up tJie posterior concave surfaces of the arytenoid cartilages. 
It arises from tlie posterior surface and outer border of one arytenoid cartilage, 
and is inserted into the correspond¬ 
ing iiarts of tlui opposite cartilage. jt'ro. 885.—Interior of the larynx. 

It consists of three planes of fibres, seen from above. (Enlarged.) 

two obli(|ue and one transverse. 

The oblique fibres (tn. arytaenoideus 
obliquus), the more superficial, form 
two fas(;iculi, which pass from the 
base of one (uirtilage to the api'x of 
the opposite one, and v\ hich therefore 
cross each other like the limbs of the 
letter X. The transverse fibres, (m. 
ary tamoideus ttansversus), the deeper 
and more numerous, pass transversely 
across between the two cartilages. 

A few of the obli(pie fibres are 
continued round the outer margin 
of the cartilage, and are prolonged 
into the aryteno-epiglottic fold. 

They ar<^ sometimes described as a 
separate muscle, the Aryepightticus. 

The 2'hyro-aryienoideus (m. thyreo- 
arytaenoideus) (figs. 880, 884, 885) 
is a broad, flat muscle, which lies 
parallel mth the outer side of the 
true vocal cord and supports the 
wall of the ventricle. It arises in front from the low'er half of the 
receding angle of the thyroid cartilage, and from the crico-thyroid membrane. 
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Its fibres pass backwards and outwards, to be inserted into the base and anterior 
surface of the arytenoid cartilage. Tliis muscle consists of two fasciculi, an 
inner and an outer.* The inner 'portion (m. vocalis) is a triangular band which 
is inserted into the vocal process of the arytenoid cartilage, and into the 
adjacent porlion of its anterior surface ; it lies parall('l with the true vocal 
cord, to which it is adherent. The outer portion (m. tliyreoarytsenoideus 
extemus), the thinner, is inserted into the anterior surface and outer border 
of the arytenoid cartilage above the preceding fibres ; it lies on the outer side 
of the laryngeal saccule, immediately beneath the mucous membrane. 

A considerable number of the fibres of the 'J’hyro-arytenoideus are prolonged 
into the aryteno-opiglottic fold, where some of them become lost, while 
others are continued forwards to the margin of the epiglottis. They have 
received a distimstive name, Thyro-e.piglofjicns (m. thyreoepiglotticus), and 
are sometimes doscribtid as a separate muscle. 

Actions. —In considering the actions of the muscles of tlic larynx, they may 
be conveniently divided into two gioups, viz. : 1. Those which o])en and close 
the glottis. 2. Those which regulate the degree of tension of the vocal cords. 

1. The muscles which open the glottis are the Crico-arytenoidei postici; 
and t,hos<! which close it arc the C’rico-aiytenoidci laterales and the Aryte- 
noideus. 2. The muscles which regulate tlie tension of tlit“ vocal cords are 
the Oric,o-thyroidei, w'liich elongate und render them tense ; and the Thyro- 
arytenoidei, which relax and shorten them. 

The Postrrior crico-arytenoid musclen separate the vocal cords, and, consequently, oj)en 
the glottis, by rotating the arytenoid cartilages outwards around a vertical axis jjassing 
through the crico-arytenoid joints ; so that theii’ vocal processes and the vocal cords 
attached to them become widely se|»aratcd. • 

The Lateral crico-arytenoid- mwcleji close the glottis, by rotiiting the arytenoid cartilages 
inwards, so as to ap])i-oximato their vocal processes. 

The A rylenoid in nsrlc approximates the arytenoid cartilages, and thus closes t he opening 
of the glottis, cs|)ecially at its back part. 

The C'rico-thyroid mvudes produce tension and elongation of the vocal cords by 
drawing down the lower border of Ibe thyroid cartilage and slightly advancing its 
inferior cornua; the distance between the vocal })roccsse8 and the angle oi the thyroid 
is thus increased, and the cords arc consequently elongated. 

The Thyro-arylenoid mvficlps, consisting of two jiarts having different attachments 
and different directions, are rather complicated as regards their action. Their main use 
is to draw the arytenoid cartilages forwards towards the thyroid, aiifl thus shorten and 
relax the voc-al cords, but. owing to the connection of the inner portion with the vocal 
cord, this part, if acting separately, is supposed to modify its elasticity and tension, and the 
outer portion, being inserted into the outer part of the anterior surface of the arytenoid 
cartilage, may rotate it inwards, and thus narrow the rima glottidis by bringing the two 
cords together. 

'riie manlier in which the superior aperture of the larynx is closed during deglutition 
is referred to on jmge 48<i. 

Macons Membrane.—The mucous mendiranc of the larynx is continuous above with 
that lining the mouth and pharynx, and is prolonged through the trachea and bronchi 
into the lungs. It lines the posterior surface and the upper part of the anterior surface of 
the epiglottis, to which it is closely adherent, and fonns the arytono-epiglottic folds 
which bound t he superior aperture of the larynx. Jt lines the whole of the cavity of the 
larjmx ; forms, by its reduplication, the (diief part of the superior, or false vocal coni; and, 
from the ventricle, ft continued into the laryngeal saccule. It is then reflected over the 
true vocal cords, where it is thin, and very intimately adherent; covers the inner surf ace 
of tlie crico-thyroid membrane and cricoid cartilage ; and is ultimately continuous with the 
lining membrane of the trachea. 'ITie upper part of the anterior surface and the upper half 
of the posterior surface of the e])iglottis, the upper part of the aryteno-ejiiglottic folds, 
and the true vocal cords are covered by stratified squamous epithelium ; all the rest of the 
laryngeal mucous membrane is covered by columnar ciliated cells. 

Oland. 1 .—The mucous membrane of the larynx is furnished with numerous muciparous 
glands, the orifices of which are found in nearly every part; they are Very plentiful upon 
the epiglottis, being lodged in little pits in its substance; they are also found in large 
numbers along the posteiior margin of thearyteno-epiglottic fold, in front of the arytenoid 
cartilages, where they are termed the arytenoid gtai^. They exist also in large numbers 
upon tlie inner surface of the sacculus laryngis. None are found on the free ^ges of the 
true vocal coi'ds. 

* Heule describes these two portions as separate muscles, under the names of External 
and Internal thyro-arytenoids. 
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TmmIb and Kervea.—The arteries of the larynx are the laryngeal branches derived from 
the superior and inferior thyroid. The veins accompany the arteries: those accompanying 
the superior laryngeal artery join the superior thyroid vein which opens into the internal 
jugular vein; while those accompanying the inferior laryngeal artery join the inferior 
thyroid vein which opens into the mnoniinato vein. The lymphatics consist of two sets, 
superior and inferior. The former accompany the superior laryngeal artery and pierce the 
thyro-hyoid membrane, to ter m inate in the glands situated near the bifurcation of the 
common carotid artery. Of the latter, some pass through the crioo-thyroid membrane 
and open into a gland lying in front of that membrane or in front of the upper part of the 
trachea, while others pass to the deep cervical glands and to the glands •wUch accompany 
the inferior thyroid artery. The nerves are derived from the internal and external laryngeal 
branches of the superior laryngeal nerve, from the inferior or recurrent laryngeal, and from 
the sympathetic. The internal laryngeal nerve is almost entirely sensory, but some motor 
hlaments are said to Ijo carried by it to the Arytenoideus muscle. It divides into a branch 
which is distributed to Imth surfaces of the epiglottis, a second to the aryteno-epiglottic fold, 
and a third, the largest, which supplies the raucous membrane over the back of the larynx 
and communicates with the securrent laryngeal. The external laryngeal nerve supplies the 
Crioo-thyroideus muscle. The recurrent laryngeal passes upwards under the lower border 
of the Inferior constrictor, and enters the larynx between the cricoid and thyroid cartilages. 
It supplies ail the muscles of the larynx excei)t the Crioo-thyroideus, and perhaps a part 
of the Arytenoideus. Tlie sensory branohos of the laryngeal nerves form subepitholial 
plexuses, from which fibres ])as8 to end between the cells covering the mucous membrane. 

Over the posterior surface of the epiglottis, in the aryteno-epiglottic folds, and less 
regularly in some other parts, taste-buds, similar to those in the tongue, arc found. 

THii: Trachea and Bronoht (fig. 886) 

The trachea, or windpipe, is a cartilaginous and mernbranous tube, whi(ih 
extends from the lower part of the larynx, on a level with the sixth cervical 
vertebra, to the upper border of the fifth thoracic vertebra, where it divides 
into the 'two bronchi, one for each lung. The trachea is nearly but not quite 
cylindrical, being flattened posteriorly; it measures about four inches and a 
half (11 cm.) in length ; its diamet er, from side to side, is from three-quarters 
of an inch to an inch (19 to 25 mm.), being always gnsater in the males than in 
the female. 

Relations.— iThe anterior surface of tlie trachea is convex, and covered, in 
the neck, 'from above downwards, by the isthmus of the thyroid gland, the 
inferior thyroid veins, the arteria thyreoidea ima (when that vessel exists), 
the Sterno-thjrroid and Sterno-hyoid muscles, the cervical fascia, and, more 
superficially, by the anastomosing branches between the anterior jugular 
veins ; in the thorax, it is <!overed from before ba<!kw'ards by the first piece of 
the sternum, the remains of the thymus gland, the left innominate vein, the 
arch of the aorta, the innominate and left common carotid arteries, and the 
deep cardiac plexus. Posteriorly it is in relation with the oesophagus; laterally, 
in Ihfi. neck, it is in relation with the common carotid arteries, the lateral lobes 
of the thyroid gland, the inferior thyroid arteries, and the recurrent laryngeal 
nerves ; in the thorax, it lies in the upper part of the interpleural space 
(superior mediastinum), and is in relation on the right side to the pleura and 
right vagus, and near tlie root of the neck to the innominate artery ; on its 
left side are the recurrent larynge/il nerve, the aortic arch, and the left common 
carotid and subclavian arteries. 

Tlie rig'ht bronchus (bronchus dexter), wider, shorter, and more vertical 
in direction than the left, is about an inch in length, and enters the right lung 
nearly opposite the fifth thoracic vertebra. The vena azygos major arches 
over it from behind ; and the right pulmonary artery lies below and then in 
front of it. About three-quarters of an inch from its commencement it gives 
off a branch to the upper lobe of the right lung. This is termed the eparterial 
branch (ramus bronchialis cparterialis), because it is given off above the right 
pulmonary artery. The bronchus now passes below the artery, and is known 
as the hy'imlerial branch (ramus bronchialis hyparterialis); it divides into 
two branches for the middle and lower lobes. 

The left bronchus (bronchus sinister) is smaller and longer than the 
right, being nearly two inches in length. It enters the root of the left lung 
opposite the sixth thoracic vertebra, about an inch lower than the right 
broiichuk. It passes beneath the arch of the aorta, crosses in front of the 
oesophagus, the thoracic duct, and the descending aorta, and has the left 
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pulmonary artery lying at first above, and then in front of it. The left bronchus 
has no eparterial branch, and therefore it has been supposed by some that there 
is no upper lobe to the left lung, but that the so-called upper: lobe corresponds 
to the middle lobe of the right lung. 

The further subdivision of the bronchi will be considered with the anatomy 
of the lung. 

If a transverse section be made across the trachea a short, distance above 
its point of bifurcation, and a bird’s-eye viev' taken of its interior (fig. 887), 


Fig. 886.—Front view of cartilages of larynx, trachea, and bronclii. 



the septum placed at the bottom of the trachea and separating the two bronchi 
will be seen to occupy the left of the median line, and the right bronchus 
appears to bo a more direct continuation of the trachea than the left, so that 
any solid body dropping into the trachea would naturally be directed towards 
the right bronchus. This tendency is aided by the larger size of the right tube 
as compared with its fellow. This fact serves to explain why a foreign body 
in the trachea more frequently falls into the right bronchus.* 

* Reigcl averts that the entry of a foreign body into the left bronchus is by no m<!nns 
so infrequent as is generally supposed. See also Med.-Chir. Tram. vol. Ixxi. p. 121. 
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Btraeture (fig. 888).—The trachea is composed of imperfect rings of hyaline cartilage, 
fibrous tissue, muscular fibres, mucous membrane, and glands. 

The carlilajes vary from sixteen to twenty in number: each forms an imperfect ring, 
which occupies the'anterior two-thirds or so of the circumference of the trachea, being 
deficient behind, where the tube is completed by fibrous tissue and unstriped muscular 
fibi-es. The cartilages are placed horizontally above each other, separate by narrow 

intervals. They measure about 4 mm. 
in depth, and 1 mm. in thickness. Their 
outer sutfaces are flattened, but in¬ 
ternally they are conjrex, from being 
thicker in the middle tJian at the margins. 
Two or more of the cartilages often unite, 
partially or completely, and they are 
sometimes bifurcated at their extremities. 
They are highly elastic, but may become 
calcified in advanced life. In the right 
bronchus the cartilages vary in number 
from six to eight; in the left, from nine 
to twelve. They are sliorter and narrower 
than those of the trachea. The peculiar 
tracheal cartilages are the first and the last. 

Thejirst cartilage is broader than the rest, and often divided at one end; it is connected 
by fibrous membrane with the lower border of the cricoid cartilage, with which, or with 
the succeeding cartilage, it is sometimes blended. 

The last cartilage is thick and broad in the middle, in consequence of its lower border 
being prolonged into a triangular hook-shaped process, whujh cm ves downwards and 
backwards between the two bronchi. It terminates on each side in an imperfect ring, 
which encloses the commence¬ 
ment of the bronchi. The carti¬ 
lage above the last is somewhat 
broader than the rest at its centre. 

The fibrous mevihrane. — The 
cartilages are enclosed in an elastic 
fibrous membrane, which consists 
of two layers ; one, the thicker of 
the two, i>assmg over the outer 
surface of the ring, the other 
over the inner surface: at the 
upjjer and lower margins of the 
cartilages the two layers blend 
together to form a single mem¬ 
brane, which connects the rings 
one with another. They are thus, 
as it were, imbedded in the mem¬ 
brane. In the 8p.ace behind, 
between the extremities of the 
rings, the membrane forms a 
single distinct layer. 

The muscular tissue consists 
of two layers of non-striatod 
muscle, longitudinal and trans¬ 
verse. The longitudinal fibres are 
external, and consist of a few 
scattered longitudinal bundles. 

The transverse fibres (Trachealis 
miisclc) are internal, and form a 
thin layer which extends trans¬ 
versely between the ends of the 
cartilages. 

Mucous membrane. — The 
mucous membrane is continuous 
above with that of the larynx, 
and below w'ith that of the 
bronchi. It consists of areolaa 
'and lymphoid tissue, and presents 
■,a well-marked basement-membrane, supporting a stratified epithelium, the outer layer of 
which is columnar and ciliated, while the inner layers are composed of oval or rounded cells. 
Beneath the basemojit-membrane there is a distinct layer of longitudinal elastic fibres 
with a small amount of intervening areolar tissue. Tlie submucous layer is composed of 
a loose mesh-work of connective tissue, containing large blood-vessels,, nerves, and 
mucous glands; the ducts of the latter pierce the‘overlying layers and open on the surface. 


Fia. 888.—^Transverse section of trachea. 
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Fig. 887.—^Transverse section of the trachea, 
just above its bifurcation, with a bird's-eye 
view of the interior. 
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VesMls and Ifenres.—^The trachea is supplied with blood by the inferior thyroid arteries. 
The veins terminate in the thyroid venous plexus. Hie nerves are derived from the 
pneumogastric and its recurrent branches, and from the sympathetic. 

Surface Form .—^In the middle line of the neck, some of the cartilages of the larynx 
can be readily distinguished. In the receding angle below the chin, the hyoid bone can 
easily be made out (see page 261), and a iinger’s breadth below it is the pomum Adami, 
the prominence between the upper liordors of the two aim of the thyroid cartilage. About 
an inch below this, in the middle line, is a depression corresponding to the crico-thyroid 
space, in which the operation of laryngotomy is iierformed. This depression is bounded 
below by a prominent arch, the anterior jiart of the cricoid cartilage, below which the 
trachea can be felt, though it is only in the emaciated that the separate rings can be 
distinguished. The lower part of the trachea is not easily made out, for ns it descends in 
the neck it lakes a deeper position. The level of the vocal cords corresponds to the middle 
of the anterior margin of the thyroid cartilage. 

With the laryngoscope the following structures can be seen: the base of the tongue, 
and the upper surface of the epiglottis, with the glosso-opiglottic ligaments ; the superior 
aperture of the Urynx, bounded on either side by the aryteno-epiglottio folds, in 
which may be seen two rounded eminences, corresponding to the comicula and cuneiform 
cartilages. Beneath these lie the false and true vocal cords with the ventricle between them. 
Still deeper arc seen the cricoid cartilage and some of the anterior parts of the rings of the 
trachea, and sometimes, in deep inspiration, the bifurcation of the trachea. 

Applied Anat(ymy .—Foreign bodies often find their way into the air-passages. These 
may consist of large soft substances, as pieces of moat, which may become lodged in the 
upper aperture of the larynx, or in the rima glottidis, and cause speedy suffocation unless 
rapidly got rid of, or unless an opening Ls made into the air-passages below, so as to enable 
the patient to breathe. Smaller txjdics, frequently of a hard nature, such as cherry or 
plum stones, small pieces of bone, buttons, &c., may find their way through the rima 
glottidis into the trachea or bronchus, or may become lodged in the ventricle of the larynx. 
The dangers then depend not so much upon the mechanical obstruction as upon the spasm 
of the glottis which they excite from rettex irritation. When lodged in the Ventricle 
of the larynx, they may produce veiy few S 3 rmptoms, beyond sudden loss of voice or 
alteration in the voice sountls imraecliately after the inhalation of the foreign body. 
When, however, they are situated in the trachea, they are (ionstautly strikmg against 
the vocal coids during expiratory ellorts, and pioduce attachs of dyspnoea from spasm 
of the glottis. When lodged in the broiichixs, they usually become lixed there, and, 
occluding the lumen of the tube, cause a loss of the res])iratory murmur on the affected 
side, and may subsequently lead to purulent bronchitis and gangrene of the lung. Foreign 
bodies m the air-passages should always bo removed as soon as possible. In the less urgent 
cases a thorougli examination of the idiarynx, larynx, and bronchi should be mtule, using 
one or another of the modern forms of laryngoscope, tracheoscoiie. or bronchoscope ; when 
discovered, the foreign body should bo removed by appropriately shaped forceps. In the 
cases w'here urgent dyspmea is jiroduced and death seems imminent fiom asphyxia, after 
digital e.xamination of the back of the throat and inversion with shaking of the patient 
have failed to give relief, tracheotomy should bo rapidly performed. 

Beneath the raucous membrane of tlie upper part of the air-passages there is a con¬ 
siderable amount of submucous tissue, which is liable to become much swollen from effusion 
•* in inllammatory affections, constituting the condition known as ‘ tederna of the glottis.’ 
This effusion does not extend below the level of the vocal cords, on account of the fact that 
the mucous membrane is closely adherent to those structures without the intervention 
of any' submucous tissue. So that, in cases of mdema of the glottis, m which it is necessary 
to open the air-passages to prevent suffocation, tlic ojM'ration of laiyngotomy is sufficient. 
I.iaryngcal or glottidean oedema may be secondary to some local inflammatory affection, such 
tui acute septic laryngitis, syrphilitic huyngeal perichondritis, or to malignant disease. 
Or the oedema may be passive (non-inflammatory), consequent ujion renal or cardiac 
mischief, angioneurotic (Meraa, or, in unusually susceptible persons, the administration 
of potassium iodide. 

Chronic laryngitis is an inflammation of the mucous glands of the larynx, which occurs 
in those who speak much in public, and is known as ‘ clergyman’s sore throat.’ It is 
due to the dryness induced by the large amount of cold air drawn into the air-passages 
during prolonged speaking, which excites increased activity of the mucous glands to 
keep the parts moist, and this eventually terminates in inflammation of these 
structures. 

Ulceration of the larynx may occur from syphilis, either as a superficial ulceration, or 
from the softening of a gumma; from tuberculous disease (lary'ngeal phthisis), or from 
malignant disease (epithelioma). 

The air-passages may be opened in three different situations; by a vertical incision 
through the centre of the thyroid cartilage {thyredomy ); through the crico-thyroid 
membrane (laryngotomy), or in some part of the trachea (tracheotomy). 

Thyrotomy is usually performed for the purpose of removing growths from the vocal 
cords or for extsacting foreign bodies from.tlje ventricle of the larynx. A median incision 

3 z 
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is made from the upf^ border of tho body of the hyoid bone to the lower border of the 
cricoid cartilage, and is carried through the subcutaneous tissues and deep fascia between 
the margins of the Stemo-hyoid muscles. An incision is then made in tho orico-thyroid 
membrane, and one blade of a stout, sharp-pointed pair of scissors is introduced beneath 
the lower border of the thyroid cartilage, and this structure is divided from below upwards. 
Great care must be taken to cut exactly in the middle lino to avoid wounding the vocal 
cords. If the two halves of tho cartilage are now drawn apart, a very good view of the 
interior of the larynx will be obtained. 

Laryngoiomy is anatomically a simple operation: it can readily be performed, and 
should be employed in those cases where tho air-passages require opening in an emer¬ 
gency for the relief of some sudden obstruction to respiration. The crico-thyroid 
membrane is very superficial, being covered only in the middle line by the skin, super¬ 
ficial fascia, and the deep fascia. On either side of the middle line it is also covered by 
the Stemo-hyoid and Stemo-thyroid muscles, whitih diverge from each other at their 
upper parts, leaving a slight interval between them. On these muscles rest the anterior 
jugular veins. The only vessel of any importance in connection with this operation is 
•the crico-thyroid artery, which crosses the crico-thyroid membrane, and may be 
wounded, but rarely gives rise to any trouble. The operation is performed thus : the head 
being thrown back and steadied by an assistant, the finger is passed over the front of the 
neck, and the crico-thyroid depression felt for. A vertical incision is then made through 
the skin in the middle lino over this spot, and carried down through the fascia until the 
crico-thyroid membrane is exposed. A cross-cut is then made through the membrane, 
close to tho upper border of the cricoid cartilage, so as to avoid, if possible, the crico¬ 
thyroid artery, and a laryngotomy tube inserted. It has been recommended, as a more 
rapid way of performing tho operation, to make a transverse instead of a longitudinal cut 
through the superficial structures, and thus to open at once the air-f)assageM. It will be 
seen, however, that in operating in this way the anterior jugular veins arc in danger of 
being wounded. 

Tracheotomy may be performed cither above or below the isthmus of tho thyroid body, 
or this stmeture may be divided and the trachea opened behind it. 

From the relations already described it must be evident that the trachea can be more 
readily opened above than below the isthmus of the thyroid body. 

Tracheotomy above the isthmus is performed thus: the i)atient should, if possible, be 
laid on his back on a table in a good light. A pillow is to be placed under the shoulders 
and the head thrown back and steadied by an assistant. The surgeon standing on the right 
side of his patient makes an incision from an inch and a half to two inches in length in 
the median line of the neck from the tof) of the cricoid cartilage. The incision must be 
made exactly in the middle line so as to avoid the anterior jugular veins, and after the 
superficial structures have been divided, the interval between the Stemo-hyoid muscles 
must be found, the raphe divided, and the muscles drawn apart. Tho lower border of the 
cricoid cartilage must now be felt for, and tho upper part of the trachea expo.sed from this 
f>oint downwards in the middle line, liose has recommended that the layer of fascia in 
front of the trachea should be divided transversely at the level of the lower border of the 
cricoid cartilage, and, having been seized with a jjair of forceps, pimsed downwards with 
the handle of tho scalpel. Uy this means the isthmus of the th 3 rroid gland is depressed 
and is saved from all danger of being wounded, and the trachea cleanly exposed. The 
trachea is now' transfixed with a sharp hook and drawn forwards in order to steady it, 
and is then opened by inserting the knife into it and dividing the upper two or three rings 
by cutting upwards. If the trachea is to be oficned beneath the isthmus, the incision 
must be made from a little below the cricoid cartilage to the top of the sternum. 

In tho child the trachea is smaller, more deeply placed, and more movable than in 
the adult. In fat or short-necked people, or in those in whom tho muscles of the neck 
are jwomincntly developed, the trachea is more deej)ly placed than in the opposite 
conditions. 

A portion of the larynx or the whole of it may bo removed for malignant disease. The 
results which have been obtained from the removal of tho whole of it have not been very 
satisfactory, and tho cases in which the operation is justifiable are very few. It may 
bo removed by a median inci.sion through the soft-parts, freeing the cartilages from the 
muscles and other structures in front, separating the larynx from the trachea below, and 
dissecting off the deeper structure from below u[>wards. 


The Pleur.*: 

Each lung is invested by an exceedingly delicate serous membrane, the 
pleura, which encloses the organ as far as its root, and is then reflected on 
to the pericardium, chest-wall, and Diaphragm. The portion of the serous 
membrane investing the surface of the lung and dipping into the fissures 
between its lobes, is called the visceral layer of the pleura (pleura pulmonalis); 
w'hile that which lines the inner surface of tlie chest and covers the Diaphragm 
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and pericardium, is called the parietal layer of the pleura (pleura parietalis). The 
space between these two layers is called the cavity of the pleura (cavum pleurse), 
but it must be borne in mind that in the healthy condition the two layers are 
in contact and that there is no real cavity. When the lung becomes collapsed 
a separation of it from the wall of the chest takes place and a cavity appears. 
Each pleura is a shut sac, one occupying the right, the other the left half of the 
thorax ; and they are perfectly separate from each other. The two pleurae do 
not meet in the middle of the chest, excepting anteriorly opposite the setiond 
and tliird pieces of the sternum. The space left between them contains all 
tlie thoracic viscera excepting the lungs, and is named the mediastinum. 

Different portions of the parietal pleura liave rcfceived special names which 
indicate their position : thus, that portion M'hich lines the inner surfaces of the 
ribs and Intercostal muscles is the cA>stal jdeMra (pleura costalis) ; that which 

Flo. 889.— -Front view of cliost, showing relations of jiIoui’H! and lungs to the chest-wall: 
The blue lines indicate the lines of the reflection of the pleurae ; the rod, the outlines of 
the lungs and their fissures. 



Line of pleural rejection 
on to Diaphrtifjm ] 

Lower edge of lung 


coats the convex surface of the Diaphragm is the diaphragmatic pleura (pleura 
diaphragmatica) ; that which rises into the neck, over the summit of the lung, 
is the cervical pleura (cupula plem-aj) ; and that which is applied to tlie adjacent 
structures in the mediastinum is the mediastinal pleura (pleura mediastinalis). 

Reflections of the pleura (figs. 889, 890).—Commencing at the sternum, 
the pleura passes outwards, lines the costal cartilages, the inner surfaces of 
the ribs and Intercostal muscles, and at the back part of the thorax passes 
over the gangliated cord of the sympathetic and its branches, and is reflected 
upon the sides of the bodies of the vertebra*, where it is separated by a narrow 
interval, the posterior mediastinum (cavum mediastinale posterius), from the 
opposite pleura. From the vertebral coluimi the pleura passes to the side of 
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the pericardium, which it covers to a slight extent; it then covers the back 
part of the root of the lung, from the lower border of which a triangular sheet 
descends vertically by the side of the posterior mediastinum to the Diaphragm. 
Tills sheet is the posterior layer of a wide fold, known as the broad ligament 
of the lung {ligammtum pulmomle or ligarmrUum latum 'pulmonis). From the 
posterior aspect of the lung root, the pleura may be traced over the convex 
surface of the lung, the summit and base, and also over the sides of the fissures 
between the lobes, on to its inner surface and the front part of its root; it is 
continued from the lower margin of the root as the anterior layer of the broad 

ligament, and from this it is 
Fio. 890.—^Lateral view of chest, showing relations reflected on to the pericardium, 
of right pleura and lung to the chest-wall, and from it to tlie back of the 
The blue line indicates the line of pleural sternum. Below, it covers tlie 
reflection ; the red lines, the outline of the upper-surface of th<! Diaphragm, 
lung and ite fissures. extends, m front, as low 

Suhchivianarterij as the costal Cartilage of the 

seventh rib ; at the side of the 
chest, to the lower border of 
the tenth rib on the left side 
and to the upper border of the 
same rib on the right side ; and 
behind, it reaches as low as 
the twelfth rib, and sometimes 
(iven as low as the transverse 
process of the first lumbar ver¬ 
tebra. Above, its apex projects, 
thj'ough the superior opening of 
the thorax into the neck, ex¬ 
tending from one to tuo inches 
above the anterior extremity of 
the first rib ; this portion of the 
sac is strengthened by a dome¬ 
like expansion of fascia [8ih- 
«on’s /nac*«), attached in front 
to the inner border of the first 
rib, and behind to the anterior 
border of the transverse process 
of the seventh cervical vertebra. 
This is covered and strength¬ 
ened by a few spreading mus¬ 
cular fibres derived from the 
Scaleni. 

In the front of the chest, 
where the parietal layer of the 
})leura is reflected batikwards to 
the peiicardium, the two pleural 
sacs arc in contact for a short 
distance. At the upper part of 
the chest, behind the manu¬ 
brium, they are not in contact; 
the point of reflection being re¬ 
presented by a lino drawn from 
the sterno-clavicular articula¬ 
tion to the mid-point of the junction of the manubrium with the body 
of the sternum. From this point the two pleura* descend in close contact 
to the level of the fourth costal cartilages, and the line of reflection on the 
right side is continued downwards in nearly a straight line to the lower 
end of the gladiolus, and then turns outwards, while on the left side 
the line of reflection diverges outwards and is continued downwards, close 
to the left border of the sternum, as far as the sixth costal cartilage. The 
inferior limit of the pleura* is on a considerably lower level than the corres- 
pondipg limit of the lung, but does not extend to the attachment of the 
IMaphragm, so that below the line of reflection of the pleura from the chest- 
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wall on to the Diaphragm the latter is in direct contact with the rib cartilages 
and the Internal intercostal muscles. Moreover, in ordinary inspiration Qie 
thin margin of the base of the lung does not extend as low as the line of the 
pleural reflection, with the result that the costal and diaphragmatic pleuraB 
are here in contact, the narrow slit between the two being termed the sinus 
phrenicocoslalis. A similar condition exists behind the sternum and rib 
cartilages, where the anterior thin margin of the lung falls short of the line 
of pleural reflection, and w'here the slit-like cavity be Ween the tw'O layers of 
pleura forms what is sometimes called the sinus costomcdiasiinalis. 

The line along w'hich the right pleura is reflected from the chest-wall to the 
Diaphragm starts in front, immediately below the seventh coslo-stemal joint, 
and runs downwards and backwards behind the seventh costal cartilage so as 
to cross the tenth rib in tlie mid-axillary line, from which it is prolonged to 
the tw'elfth dorsal spine. The reflection of the left pleura follows at first the 
ascending part of the sixth costal cartilage, and in the rest of its course is 
slightly lower than that of the right side. 

The free surface of the pleura is smootli, polished, and moistened by a 
serous fluid; its attached surface is intimately adherent to the surface of the 
lung, and to the pulmonary vessels as they emerge fi’om the pericardium ; it 
is also adherent to the upper surface of the Diaphragm : throughout the rest 
of its extent it may be separated from the adjacent parts Avith extreme facility. 

The right phniral sac is shorter, wider, and reaches higher in the neck than 
the left. 

Ligamentum latum pulmonis. —From the. above description it will jbe 
seen that the root of the' lung is covered in front and behind by pleura, and 
that at its low'er border the investing layers come into contact. Ilgre they 
form a sort of mesenteric fold, the, ligamentum latum pulmonis (lig. pulmonale), 
W'hich extends as far as th<< Diaphragm between the pericardium and the 
lower part of the irmer surfaces of the lung, having a free falciform border below, 
betw'een the lung and tlie Diaplmagm. It serves to retain the low'er part of 
the lung in position. 

Veasels and ITerves.—^I'he arteries of the pleura aro derived from the intercostal, 
internal mammary, musculo-phrenie, thymic, pericardiac, and bronchial vessels. The 
veins correspond to the arteries. The lymphatics arc d^cribed on page 793. The nerves 
are derived from the phrenic and sympathetic (Lnschka). Kolliker states that nerves 
accompany the ramifications of the bronchial arteries in the pleura pulmonalis. 

Applied Anatomy .—Acute inflammation of the pleura, or pleurisy, may bo oithcr dry 
or wet, and, if wet, cither serous or purulent. Dry pleurisy is common in pneumonia, and 
is often an early manifestation of tuberculosis. It gives rise to much pain, and to friction 
sounds due to the scraping to and fro over one another of the inflamed and roughened 
parietal and visceral pleurm. Wei pleurisy occurs if the inflammation causes the eilusion 
of scrum into the pleural cavity. The two pleural layers are now separated by the fluid 
effusion, so the friction sounds aro no longer produced. Room is found for the fluid by 
shrinkage of the supernatant lung due to the retraction of its elastic tissue, and later, 
when the quantity of serum exce(»ds about three pints, by shifting over of the heart and 
unaffected lung towards the sound side. This shifting may be so extensive that the apex 
beat of the heart comes to lie under the right nipple. Any pleural effusion that is large 
enough to embarrass respiration seriously, or has remained unabsorbed for two or three 
weeks, should bo removed by tapping (pariwsentesis thoracis). The trocar is pushed 
through the chest-wtfll into the fluid, in the sixth or seventh intercostal space in the 
mid-axillary line, or in the eighth or ninth space just outside the angle of the scapula. 
Aspiration is then performed, and as much fluid as possible drawn off: it must be stopped, 
however, if the patient shows signs of collapse, or if fits of coughing occur and thr^ten 
to wound the expanding lung against the sharj) end of the trocar. Non-inflammatory 
or passive effusion into the pleura, called hydrothorax, is often seen in the later steges 
of chronic renal or cardiac disease, and demands treatment on lines similar to the above. 

Purulent pleural effusion, or empyema, often occurs after such diseases as pneumonia 
or measles. This condition requires drainage of the cavity, which usually necessitates 
excision of a jmrtion of a rib. An incision is made down to the seventh or eighth rib in the 
mid- or posterior axillary line and the periosteum is incised, and separated from the shaft 
of the rib, carrying with it the structures in the subcostal groove. With bone-cutting 
forceps about one and a half or two inches of the rib are separated and removed, and the 
underlying pleura is incised. The pus having been evacuated, a large drainage tube 
is inserted into the cavity. The pleura should never be irrigate, as sudden death has 
followed this proceeding, and great care should be taken to prevent the tube from 
slipping into the cavity, an occurrence which is far from imcommon. 
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Pneumothorax, or the presence of gas in the pleural oavityi is a common terminal 
event in tuberculosis of the lungs; less often it is due to trauma—rupture of the lung, for 
example, when the chest is crushed, or tearing of the lung tissue by the sharp projecting end 
of a broken rib. Air escapes from the lung into the pleural cavity ; the elastic tissue of the 
lung at once contracts, and finally that organ shrinks away to a dark rounded mass the 
size of a fist, lying close against the vertebral column. The symptoms of pneumothorax 
are often very severe; cyanosis, intense dyspnoea, groat pain on the affected side, and 
cardiac faUure. Their severity is increased by the fact that the blood-vessels of the collapsed 
lung offer less resistance to the circulation of the blood than do those of the other lung. 
Not only, therefore, does the sound lung suddenly have to take over the work—the aeration 
of the blood—normally performed by both lungs, but it has to do so at the moment when 
the circulation of blood through it is partially short-circuited by the collapsed lung. If the 
patient survives for a few days, empyema often complicates the pneumothorax, setting 
up the condition called jtyopneufnothorax. 

In operations upon the kidney, it must bo borne in mind that the pleura usually 
extends below the level of the inner portion of the last rib. and may therefore be opened 
in these operations, especially when the last rib is removed in order to give more room. 


Thk Mediastinum 

The mediastinum i.s the space left in and near the median line of the chest 
by the non-ajiposition of the two pleurae. It extends from the sternum in front 
to the vertebral column behind, and contains all the thoracic viscera excepting 
the lungs. The mediastinum may be divided for purposes of description into 
tw'o parts : an upper portion, above the upper level of the pericardium, w'hich 
is named the superior mediastinum (Stnithers) ; and a lower portion, below 
the upper level of the pericardium. This lower portion is again subdivided 

A 


Fio. 891.—A transverse section of the thorax, showing the relative position of the 
viscera, and the reflections of the plour®. 
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into three parts, viz. that which is in front of the pericardium, the anterior 
mediastinum ; that wliich contains the pericardium and its contents, the 
middle mediastinum ; and that which is behind the pericardium, the posterior 
mediastinum (fig. 891). 

The superior mediastinum (fig. 892) is that portion of the interpleural 
space which lies between the manubrium sterni in front and the upper thoracic 
vertebrae behind. It is bounded below by a plane passing backwards from the 
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junction of the manubrium and gladiolus sterni to the lower part of the 
body of the fourth thoracic vertebra, and laterally by the pleurw. It contains 
the origins of the Sterno-hybid and Stcrno-tlijfl’bid muscles and the lo\ver ends J 
of the Longi!tSicolli muscles; the arch of ^ a^a; the innoininate*lHlery and / 
the thoracic ^^^ns of the left common car(rad and the subWavian arteries;; 
the innominatoi-^mnB and the upper half of the supcriorH'^na cava; the left . 
superior intercosfefiTvein; the pneumbgastric!, carding, ^re^ic, and left roc iffrent j 
laryngeal nerves ; the traMea, oesopnagus, and thoracic duct; the remains oi' 
the thymulT^land, and some lymph^c glands. 

The anterior mediastinum is bounded in front by the sternum, laterally 
by the pleuraj, and behind by the pericardium. It is narrow above, but 
widens out a little below, and, ow ing to the oblique course taken by the left 
pleura, it is directed from above downwards and to the left. Its anterior wall 
is formed by the left Triangularis sterni musedo and the fifth, sixth, and seventh 
left costal cartilages. It contains a quantity of loose aredfetr tissue, some 


Fig. 892. —^I’ranavorse section through the upper margin of the second 
thoracic vertebra. (Braune.) 
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lymphatic'^ssels which ascend from the convex surface of the liver, two or 1 
three lymphatic'^nds (anterior mediastinal glands), and the small mcdiastinal-M 


branchest-oflihe iiftcrnal mammary artery 

The middle mediastinum is the broadest part of the interpleural space. ^ 
It contains the hear^-^closcd in the pericardium, the ascending'^rta, thet 
lower half of the superior vefia cava with the vena aWgos major opening into ( 
it, the bifurcationthe trachea and the t^ bronVmi, the pulmonary*mtery \ 
dividing injio its two HJranches, the righV^nd lefE^ptfTraonary veins, the/ 
phrenic nferves, and some bronchialHyinphatic glands. 

The posterior mediastinum (fig. 893) is an irregular triangular space 
running parallel with the vertebral column; it is bounded in front by the 

E ericardium above, and by the posterior .surface of the Diaplmagra below, 
ehind by the vertebral column from the lower border of the fourth to the 
twelfth thoracic vertebra, and on either side by the pleura. It contains the J 
desoei^ng thoradic aorta, the ven^azygos majoV^d miiroV, the pneumo-'' 
gastric and TOlanchnicVnerves, the oesophagus, the thoracic duct, and some 
lymphatic ^nds. 
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Applied Anatomy.—Primary tunumra of the mediastiaom «*o usuaJlsr lym^^a or 
lymphoBarooma arising from the thymns or from the bronohiaJ or postmor mediastinal 
lymph-glands: sarcomata, dermoid cysts, and embryomata, occur more rarely. These 
tumours give rise to pain, deformity of the chest, and symptoms of pressure on the 
various nerves, blood-vessels, air-passages, lymphatics, and on the msophagus, as these 
various structures pass through the thorax. They may produce physical signs very much 
like those of an aortic aneurysm, so that diagnosis between the two is often difficult. The 


Fig 893.—^The posterior mediastinum. 



prognosis is bad, life usually ending within a few months or a year of the onset of the 
symptoms. 

Inflammation of the mediastinum due to wounds, or to the spread of inflammation 
from adjacent parts (e.g. the cesophagus, the pericardium) is sometimes acute, leading 
to abscess-formation. A more chronic form associated with adhesions and inflammation 
of the pericardium—^the so-called chronic adhesive mediastino-perioarditiB—gives rise to 
obscure symptoms suggesting gradual heart-failure, and leads to death slowly but surely. 
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Thh Lttnos 

The lungs (pulmones) are the essential organs of respiration; they are 
tvra in number, placed one on either side of the chest, and separated from each 
other by the heart and other contents of the mediastinum. Each lung is 
conical in shape, and presents for examination an apex, a base, two borders, 
and two surfaces. 

The apex (apex pulmonis) is rounded, and extends into the root of the 
iicck, reaching from an inch to an inch and a half above the level of the anterior 
end of the first rib. A fmrow produced by the subclavian artery as it curves 
outwards in front of the pleura runs upwards and outwards immediately 
below the apex. 

The base (basis pulmonis) is broad, concave, and rests upon the convex 
surface ot the Diaphragm wliich separates the light lung from the right lobe 
of ilie livei, and the left lung fioni llie left lobe of tlie liver, the stomach, and 
sjilcen. Since the Diaphragm extends higlici on the right than on the left 
side, it follows that tht concavity on the base of the right lung is deeper than 
that on the left. Laterally and behiiid, the base is bounded by a thin, sharp 
maigin which piojects foi some distance into the phrenico-costal sinus of the 
pleura, between the lowci ribs and tli costal attachment of tlie Diaphragm. 
The base of the lung descends during inspiration and ascends during expiration ; 
its iclation to the chest wall is indii-ated in figs. 889 and 890. 

The (xUrnal or roslal surface (faci(*s costalis) is smooth, convex, of eon- 
sidiwable extent, and corresponds to the foini of the cavity of the chest, being 
deeper behind than in ft out. It is in contact with the costal pleura, and 
presents in a hardened sjjccinien slight grooves coiresponding with tJie over¬ 
lying ribs. 

The inmr oi nxdtastfnal surtac( (tacii>s inediastinalis) is in contrWt with 
that i>ortioii of the pleuia which forms the lateral boundary of the mcdiastnial 
space. It presents a deep concavity which iiccommodati's the pciicaidial sac ; 
this 18 larger and dcepin on the left tlian on the nght lung, on account of the heart 


Fi(. 894.—Mediastinal surface of light lung. 
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projecting farther to the left than to the right side of the mesial plane. Above 
and behind this concavity is a triangular depression named the Mlus (hilus 
pulmonis), where the structures which form the root of the lung entci and 
leave the viscus. These structures are invested by pleural membrane, 
which, below the hilus, forms the ligamentum latum pulmonis. On the 
right lung (fig. 894), immediately above the hilus, is an arched furrow which 
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accommodates the vena azygos major; while running upwards, and then arching 
outwards some little distance below the apex, is a wide groove for the superior 
vena cava and right innominate vein, and behind this, nearer the apex, is a 
second furrow for the innominate artery. Along the back part of the inner 
surface is a vertical groove for the tesophagus; this groove becomes less 
distinct below, owing to the inclination of the lower part of the oesophagus 
to tlie left of the middle line. In front and to the right of the lower part of 
the oesophageal ^oove^the inner surface is applied to the pleural covering of the 
right and posterior aspects of the thoracic part of the inferior vena cava—this 

Fjo. 895.—Mediastinal surface of left lung. 
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vessel being accommodated in a deep concavity. On the left lung (fig, 895), 
immediately above the liilus, is a well-marked curved furrow produced by the 
aortic arch, and running upwards from this toAvards the apex is a groove 
accommodating the left subclavian artery ; a slight impression in front of the 
laticr and cdose to the margin of the lung lodges the left innominate vein. 
Beliind the hilus and pericardial depression is a vertical furrow produced by 
the descending thoracic aorta, and in front of this, near the base of the lung, the 
lower part of the cesopliagus causes a shallow depression. 

The posterior border (margo posterior) is broad and rounded, and is received 
into the deep concavity on either side of the vertebral column. It is much 
longer than the anterior border^ and projects, below, into the upper part of 
the plirenico-(! 08 tal sinus. 

The anterior border (margo anterior) is thin and sharp,'and overlaps the 
front of the pericardium. The anterior border of the right lung is almost 
vertical, and projects into the costo-mcdiastinal sinus of the pleura; that of 
the left presents, below, an angular notch, the ineisura eardiaca, in which the 
pericaidium is exposed. Opposite tliis notch the anterior margin of the left 
lung is situated some little distance to the outer side of the line of reflection 
of the corresponding part of tlie pleura. 

Fissure^ and lobes of the lungs. —The left lung is divided into two lobes, 
an upper and a lower, by an oblique, fissure, wMch extends from the outer to the 
inner surface of the lung both above and below the hilus. As seen on the surface, 
this fissure commences on the inner aspect of the lung at the upper and posterior 
part of the hilus, and runs backwards and upwards to the posterior border, 
wliich it crosses at a jioint about two and a half inches below the apex. It 
then extends downAA'ards and forwards over the outer surface, and reaches the 
lower border a little behind its anterior extremity, and its further course can 
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be followed upwards aJid backwards across the inner surface as far as the lower 
part of the hilus. The upper lobe (lobus superior) lies above and in front of this 
fissure, and includes the apex, the anterior border, and a considerable part of 
the outer surface and the greater part of the inner surface of the lung. The 
lower lobe (lobus inferior), the larger of the two, is situated below and behind 
the fissure, and comprises almost the whole of the base, a large portion of the 
outer surface, and the greater part of the posterior border. 

The right lung is divided into tlircc lobes, upper, middle, and lower, by an 
oblique and a horizontal fissure. The Mique Jissure separates the lower from 
the middle and upper lobes, and corresponds closely with the fissure in the 
left lung. Its direction is, however, more vertical, and it cuts the lower 
border about three imihes behind its anterior extremity. The horizontal fissure 
separates the upper from the middle lobe. It begins in tlic oblique fissure 
near the posterior border of the lung, and, running horizontally forwards, cuts 


P[o. 896.—Fi-ont view of heart and lungs. 



the anterior border on a level with the sternal end of the fourth costal cartilage ; 
on the inner surface it may be traced backw'ards to the hilus. The middle 
lobe (lobus medius), the smallest of the lobes of the right lung, lies between the 
horizontal fissure and the lower part of the oblique fissure ; it is wedge-sliaped, 
and includes the lower part of the anterior border and the anterior part of the 
base of the lung^^^"^ 

The riahi lung is the larj^ and heavier : it is b roader tlqinjjie left, owi ng 
tq the imMmatlOII Iff the' luSai-t to the IdR side ; it is aliorshortSiTby an iHcTi, in 
corisequhlhie briTTe JJiaphragm risinglughSl)n the right side to aecornmodate’ 
the liver. 

The root of the lung (radix pulmonis).—A Uttlc above the middle of the 
inner surface of each lung, and nearer its posterior than its anterior border, is 
its root, by which the lung is connected to the heart’and the trachea. The 
root is Wmod by the bronchus, the pulmonary artery, the pulmonarj' veins, 
the bronchial arteries and veins, the pulmonary plexuses of nerves, lymphatics, 
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bronchial glands, and areolar tissue, all of which are enclosed by a reflection 
of the pleui-a. The root of the right lung lies behind the superior vena cava 
and part of the right auricle, and below the vena azygos major. That of the 
left lung passes beneath the arch of the aorta and in front of the descending 
aorta; the phre nic nerveT with its accompanying artery and vc i«i »pd 
anterior‘^UtiTIDirary plexus. ffont oi e acKT^d the pneumogaetric andT 

posterior puTmoftafy plexus behTndr 'eaQh i.Ibi3[ ow each istSe ligameritumlatum 
puinw pisr~'- - —--- 

Die (fliief structures composing the root of each lung are arranged in a 
similar manner from before backwards on both sides, viz. the upper of the 
two pulmonary veins in front; the pulmonary artery in the middle ; and the 
bronchus, together with the bronchial vessels, beliind. I'rom above down¬ 
wards, on the two sides, their arrangement differs, thus ; 

On the right side their position is—epartcsrial bronchus, pulmonary artery, 
hyparterial bronchus, pulmonary veins; but on the left side their position 
is—pulmonary artery, bronchus, pulmonary veins. The lower of the two 
pulmonary veins is situated below the bronchus at the apex or lowest part 
of the hilus. 

Divisions of the bronchi. —Just as the lungs differ from each other 
in the number of their lobes, so the bronchi differ in their mode of 
subdivision. 

The right bromilius gives off, about an inch from the bifurcation of the 
trachea, a branch for tlio upper lobe. This branch arises above the level of 
the jiulmonary artery, and is therefore named the e.parterial bronchm. All the 
other divisions of the main stem come off below the pulmonary artery, and 
consequepfiy arc termed hyparterial bronchi. The first of these is distributed 
to the middle lobe, and the main tube, then passes downwards and baekwa’'ds 
into the lower lobe, giving off in its course a series of large ventral and small 
dorsal branches. The ventral and dorsal branches arise alternately, and are 
usually eight in number— four of each kind^,. The branch to the middle lobe 
is regarded as the first of the ventral series. 

Tlic left bronoiius passes below the level of the pulmonary artery before 
it divides, and hence all its branches are hyparterial ; it mqj^ therefore be looked 
upon as equivalent to that portion of. the right bronchus which lies on the 
distal side of its eparterial branch. The first branch of the left bronchus 
arises about two inches from the bifurcation of the trachea, and is distributed 
to the upper lobe. The main stem then enters the lower lobe, M'hcre it 
divides into ventral and dorsal branches similar to those in the right lung. 
The branch to the upper lobe of the left lung is regarded as the first of the 
ventral series. 

Aeby legarded the absence of a left eparterial bronchus as indicating the 
absence of the corresponding lobe of the lung, and considered the middle lobe 
of the right lung the homologue of the upper lobe of the Igft. His conclusions, 
however, are not miiversally accepted. 

The weight of both lungs together is about forty-two ounces, the right lung 
being two ounces heavier than the left; but much variation is met with 
according to the amount of blood or serous fluid they may contain. The lungs 
are heavier in the male than in the female, their proportion to the body being, 
in the former, as 1 to .37, in the latter as 1 to 43. 

The colour of the lungs at birth is a pinkish-white ; in adult life it is a dark 
slaty-grey, mottled in patches; and as age advances, this mottling assumes 
a black colour. The colouring matter consists of granules of a carbonaceous 
substance deposited in the areolar tissue near the surface of the organ. It 
increases in quantity as age advances, and is more abundant in males than 
in females. The posterior border of the lung is usually darker than the 
anterior. 

The surface of the lung is smooth, shining, and marked out into numerous 
polyhedral areas, indicating the lobules of the organ : each of these areas is 
crossed by numerous lighter lines. 

The substance of the lung is of a light, porous, spongy texture ; it floats 
in water, and crepitates when handled, owing to the presence of air in the 
air-sacs; it is also highly elastic; hence the retracted state of these organs 
when they are removed from the closed cavity of the thorax. 
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structure.—Tbe lungs are composed of an »r.of a. aubsucoMS ^areolar 

tiaaHP. and the pulmonary substance or pareocliyma. 

The «€a 2 JW-Ooat is the visceral layer of the pleura ; it is thin, transparent, and invests 
the entire organ as far as the root. 

Fig. 897.—Section of lung tissue. 



^he MtlNteroMs areolar Ututue. contains a largo proportion of elastic fibres ; it invests the 
entire surface of the lung, and extends inwai'ds between the lobules. 

The 'parmuihy^m is composed of lobules which, although closely connected together 
by an interlobular areolar tissue, are quite distinct from one another, and may be teased 
asunder without much difliculty in the foetus. Tl i a loltales vary in size : those om the 


hho. 898.—Section of a jx)rtion of an atelectic limg of kitten. 



ain -fac-o are Ift ige. of py ramidnl form, the base turned towards the surface; those in the 
inter ior, smaller, and of various forms. h^ach-Mmlo is composed of one of the ramifications 
( ^g br onchial tube and its terminal air-cella, and of the ramifications n£ the pulmonary and 
tya^haticB, and nerves; all of these structures being connected together 

by areolar tissue. 
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The primnfy branches of the hrj^ms, upon entering the substance of the lung, divido 
and subdivide into smaller tubes throughout the entire organ. Each of the smaller sub¬ 
divisions of the bronchus enters a pulmonar}^ lobule, and is termed an iiUrajMbular bronchm^ 
This gives off collateral branches and Ihen bifurcates about the centre of the lobule; 
these bifurcations divide at right angles to the previous plane of division and the process is 
repeated until a large number of ultimate bronchi (bronchwlee) are formed. Each brppqJuale 
now becomes enlarged, and is termed the atrium or alveqlar passage ; from it are given off, 
on all sides, r nipificatinna . called infundibula, which are cjpyqljj^jbiraet in all directions by 

Changes in the structure of the bronchi in the lungs.—In the lobes of the lungs the 
following changes take place. The cariilagea are not segments of rings, but consist of small 
oval or angular patches scattered irregularly along the sides of the tube, being most 
distinct at the points of division of the bronchi; as the bronchi approach their termina¬ 
tions the cartilages disappear. The muscular coat (bronchial muscle) is disposed in the 
foim of a continuous layer of annular fibres, which may be traced upon the smallest 
bronchial tubes, and consists of the unstriped variety of muscular tissue ; at the termination 
of the bronchioles in the atria the muscle forms a definite circular band (Miller). The layers 
of epithelial cells diminish in number and in the terminal bronchioles only a single layer of 
non-ciliated flattened cells exists. 

The air-sacs arc small jiolyhcdral recesses, composed of a basement membrane sur¬ 
rounded by a few involuntoi'y inu.scular and elastic fibres, and lined by flattened squamous 
epithelium, with sinuous outlines ; between these cells are seen small oval granular cells. 

Vessels and Nerves.—I’he •pulmonary artery conveys the venous blood to the lungs; 
it divides into branches uhieh accompany the bronchial tubes and terminate in a dense 
capillary network upon the walls of the air-sacs. In the lung, the branches of the pulmonary 
artery are usually above and in front of a bronchial tube, the vein below. 

The pulmonary capillaries form plexuses which lie immediately beneath the mucous 
membrane, in the walls and septa of the air-sacs, and of the infundibula. In the septa 
between the air-sacs the capillary network forms a single layer. The capillaries form a 
very minute network, the meshes of which arc smaller than the vessels themselves ; their 
walls are also exceedingly thin. The arteries of neighbouring lobules are independent 
of each other, but. the veins freely anastomose. 

The qmlmonary veinn commence in the pulmonary capillaries, the radicles coalescing 
into larger branches which run through the substance of the lung, independently of the 
minute arteries and bronchi. After freely communicating with other branches they form 
large vessels, which ultimately come into relation wi( lithe arteries and bronchial tubes, and 
accompany them to the hilus of the organ. Finally they ojien into the left auricle of the 
heart, conveying oxygenated blood to be distribulod to all parts of the body by the aorta. 

The bronchial arteries .supply blood for tlie nutrition of the lung; they are derived 
from the thoracic aorta or from the upjier aortic intercostal arteries, and. accompanying 
the bronchial tubes, arc distributed to the bronchial glands, and upon the walls of the larger 
bronchial tubes and pulmonary vessels. Those sujiplying the bronchial tubes form a 
capillary jilexus in the muscular coat, from which branches arc given off to form a second 
plexus in the mucous coat. This plexus communicates with branches of the pulmonary 
artery, and empties itself into the pulmonary veins. Others are distributed in the inter¬ 
lobular areolar tissue, and terminate j)artly in the deep, partly in the sujmrficial, bronchial 
v'cins. Lastly, some ramify upon tlie surface of the lung, beneath the pleura, where they 
form a capillary network. 

The bronchial vein is formed at the root of the lung, receiving superficial and deep 
veins corresponding to branches of the bronchial artery. It does not, however, receive 
all the blood supplied by the artery, as some of it jiasses into the pulmonary veins. It 
terminates on the right side in the vena azygos major, and on the left side in the superior 
intercostal or vena azygos minor superior. 

The lymphatics are described on page 792. 

Nerves. —The lungs are supplied from the anterior and posterior pulmonary plexuses, 
formed chiefly by branches from the sympathetic and pneumogastric. The filaments 
from these plexuses accompany the bronchial tubes, upon which they are lost. Small 
ganglia are found upon these nerv^es. 

Surface Form, —The a])ex of the lung is situated in the neck, behind the interval between 
the two heads of origin of the Sterno-mastoid. The height to which it rises above the 
clavicle varies very considerably, but is generally about an inch. It may, however, 
extend os much as an inch and a half or an inch and three-quarters, or, on the other hand, 
it may scarcely project, above the level of this bone. In order to mark out the anterior 
margin of the lung, a line is to be drawn from the apex point, an inch above the level 
of the clavicle, and rather nearer the posterior than the anterior border of the Sterno- 
mastoid muscle, dowTiwanls and inwards across the sterno-clavicular articulation and 
manubrium sterni until it meets, or almost meets, its fellow of the other side at the 
level of the articulation •of the manubrium and gladiolus. From this point the two 
lines are to be drawn downwards, rather to the left of the mesial line but close to it, as 
far as the level of the articulation of the fourth costal cartilages with the sternum. From 
here the two lines diverge, the left at first passing outwards with a slight inclination down- 
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wards, and then taking ^ bend downwards with a slight inclination outwards to the apex 
of the heart, and thence to the sixth costo-chondral urticulation. The direction of the 
anterior border of this part of the left lung is denoted with sufficient accuracy by a curved 
line, with its convexity directed upwards and outwards from the articulation of the fourth 
right costal cartilage of the sternum to the fifth intercostal space, an inch and a half below, 
and three-quarters of an inch internal to the left nipple. The continuation of the anterior 
border of the right lung is marked by a prolongation of its line from the level of the fourth 
costal cartilages vertically downwaids as far as the sixth, when it slopes off along Ihc line 
of the sixth costal cartilage to its articulation with the rib. 

After expiration the lower border of the lung may lie marked out by a slightly curved 
line, with its convexity downwards, from the articulation of the sixth costal cartilage with 
its rib to the spinous process of the tenth thoracic vertebra. If vertical lines are ^awn 
downwards from the nij)ple, the mid-axillary line, and the apex of the scapula, while the 
arms are raised from the sides, they should intersect this convex line, the first at the sixth, 
the second at the eighth, and the third at tlio tenth rib. It will thus be seen that the 
pleura extends farther down than the lung, so that it may be wounded, and a wound 
pass through both layers into the Diaphragm, and even injure the abdominal viscera, 
without the lung l>eing involved. 

The posterior border of the lung is indicated by a line drawn from the level of 
the spinous process of the seventh cervical vertebra, down either aide of the vertebral 
column, corres{K>nding to the eosto-vortebial joints as low as the spinous procras of the 
tenth thoracic vertebra. The trachea bifurcates opposite the spinous protiess of the fourth 
thoracic vertebra, and from this iwint th-. two bronchi are directed downw'ards and 
outwarrls. 

The position of the ol)li(pie fissure in each lung may be indicated by aline drawn from 
the second thoracic spine round the side of the chest to the sixth rib in the nipjde line. 
The horizontal fissure in the right lung is indicated by a lino drawn from the ])receding, 
whore it bisetits the mid-axillary line, to the junejtion of tlio fourth costal cartilage with 
the sternum. 

Applied Anatomy .—The lungs may be wounded or tom in three ways : (1^ by com¬ 
pression of the chest, without any injury to the ribs: (2) by a fractured rib penetrating 
the lung; (3) by stabs, gunshot wounds, &c. 

The first form, whore the lung is raptured by external comiffession without any fracture 
of the ribs, is very rare, and usually occurs in young children, and affec.ts the root of the 
lung, i.e. the most fixed pirt, and thus, implicating the great vessels, is frequently fatal. 
It would seem a priori a, most unusual injury, and its exact mode of causation is diilicult 
to interpret. 

In the second variety, when the wound in tlio lung is producotl by the penetration of 
a broken rib, both the pleura costalis and jilcura pulmonalis must necessarily be injured, 
and consequently the air taken into the W'ounded air-sacs may find its way through these 
woimds into the cellular tissue of theparietesof the chest, producing Sttrjficai einph;>'Soma. 
This it may do without collectting in the pleural cavity ; the two layers of the pleura ivro 
so intimately in contact tliat the air passes straight tlu'ough from the wounded lung into 
the subcutaneous tissue. Kmphysoma constitutes therefore the most important sign of 
injury to the lung in cases of fracture oi the ribs. Pneumothorax, or air in the pleural 
cavity, is much more likely to occur in injuries of the third variety—that is to 
Hoy, from external wounds, from stabs, gunshot injuries, and such like—in which case air 
passes either from the wound of the lung or from the external wound into the cavity of the 
pleura during the respiratory movements. In these cases there is generally no emphysema 
of the subcutaneous tissue unless the external wound is small and valvular, so that the 
air is drawn into the wound during inspiration, and then forced into the cellular tissue 
around during expiration because it cannot e8cai)e from the external wound. Ocoosionally 
in wounds of the parietes of the chest no air finds its way into the cavity of tlie pleura, 
because the lung at the time of the accident protrudes tlirough the wound and blocks 
the opening. This Hakes place where the wound is largo, and constitutes one form of 
hernia of the lung. Another form of hernia of the lung occurs, though very rarely, after 
wounds of the chest-wall, when the wound has healed and the cicatrix subsequently yields 
from the })re.ssure of the viscus behind. It forms a globular, elastic, crepitating swelling, 
which enlarges during expii-atory efforts, falls in during inspiration, and disappeara on 
holding the breath. 

An incision into the lung is occasionally required in cases of abscess the result of pneu¬ 
monia or the presence of a foreign body, and from an abscess in the liver which has made 
its way through the Diaphragm into the lung substance, and also in cases of hydatid disease. 
In these cases there is always risk of hsemorrhage, and it has been recommended that 
the limg tissue should be jienetrated by the actual cautery, rather than with the knife. 
Unless adhesions have formed between the two layers of tlie pleura, the pleural cavity 
must necessarily be opened, and there is the further risk of pneumothorax, and possibij'of 
septic infection. It is therefore advisable to suture the limg to.the opening in the thoracic 
wall, and wait for adhesions to form before perforating the lung. 

The routine methods of physical examination—^inspection, palpation, percussion, and 
auscultation—are nowhere more important than they are in the diagnosis of diseases of 
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tho longs. It is essential, too, that in every case the two sides of the chest should be com¬ 
pared with one another, and that^he wide variations that may be met with under normal 
conditions in different persons and at different ages should be kept in mind when the chest 
is being examined. On inapection tho thorax will be seen to be enlarged and barrel-shaped 
in emphysema, in which the volume of tho lungs is inorensod by dilatation of their alveoli, 
or in an acute attack of asthma, or when a largo pleural effusion or mediastinal tumour is 
present. The cheat-wall will be flattened or sunken, on the other hand, over an area of 
lung that has collapsed or become fibrosed, as often happens in chronic pulmonary tuber¬ 
culosis. The respiratory movements of the ohest-w'all will be lessened, or even absent, over 
a part or the whole of the affected side in such acute disorders as pleurisy, pneumonia, or 
■pleural effusion, or in more chronic disease where the underljing lung is fibrosed, or is 
crushed to one side by a mediastinal tumour ; and by the use of tho x-rays a corresponding 
loss of movement or displacement of the Diaphragm on the affected side can often be 
observed. Under normal conditions the intercostsil spficcs are a little depressed; but 
they may be obliterated or even bulging on that side when a large effusion or new growth 
fills up one of tho pleural cavit ies. 

On ■jml'pation the hand can be used to verify the eye’s imprmions as to the degree of 
movement on resfiiration of any part of the chest-wall. Tlie facility with which tho vibra¬ 
tions produced by tho voice nic conducted from the larynx by the underlying lung to tho 
hand (in the form of ntrul fremitna) can also l)c tested. The vocal fremitus is commonly 
much increased over the consolidated area in jmeumonia or in fibrosis of the lung, and 
much diminish(Hi over a pleural effusion when the lung is pushed up by the fluid towards the 
toj) of the pleural cavity. It is also diminished, but to a less extent, in emphysema, and 
in bronchitis when the bronchi are blocked by secretion. In bronchitis tho bubbling of 
the secretion in the tubes can often be felt by a hand placed on the cheat-wall as the patient 
breathes; and in chronic pleurisy tho friction of the two roughened pleural surfaces against 
one another ean sometimes bo felt in tho same way. 

On perevSHum, the normal resonance of the jmlmonary tissue is found to be increased 
in enipbyscma, and in pneumothorax (page 1078) this hyjjor-resonance may be still further 
increased.' The resonance is lessened in any condition causing collapse or solidification 
of the lung-tissue, or when its place is taken by fluid (pleural effusion) or some solid growth 
(mediastinal tumour). Thus dulnoss on percussion at the. bases of the lungs is common 
in the hypostatic congestion of tho biises seen in heai't-fallure; dulncss at the right base 
is often due to com]W’cs8ion of the lung by enlargement of the liver; some dulncss at the 
apex of a lung is frequently mot with in tuberculosis of that part, befoits the disoiise has 
progreased very fur. (lomplctc dulncss over one side of the chest, back and front alike, 
except at the apex, is common when a large jficural effusion luis taken the lung's place. 
Von Koriinyi, tirocoo, and others, have drawn attention to a i riangular }»ateh of d\dno8s 
along the vertebral column (the paravertebral triangle of diilness) on the unaffected side 
in ]ilcural effusion ; this triangle of dulncss is said to be absent in other conditions causing 
loss of pulmonary resonance on pereussion, and is duo to sliifting over of the contents of the 
posterior mediastinum towards the sound side. The apex of this triangle is in the middle 
line at the u])jK!r level of the fluid effusion ; its base, some two to four inches in length, 
runs horizontally outwards from the middle line at the level where the jmlmonary resonance 
normally comes to an end. 

On avMitltation of the lungs, l>oth in liealth and disease, the variety of sounds to be 
heal'd is very great. It is impossible to give adequate consideration to them here, and for 
further information nffcrcnce should be made to the text-hooks dealing with the subject.* 


OEGANS OF DIGESTION 

The apparatus for the digestion of the food (apparatus digestorius) consists 
of the alimentary canal and of certain accessory organs. 

The alimentary canal is a rausculo-mombranous tube, about thirty feet 
in length, extending from the mouth to the anus, and lined throughout its 
entire extent by mucous membrane. It has received different names in the 
various parts of its course : at its commencement is tho mouth, where provision 
is made for the niec^hanical division of the food (mastication), and for its admix¬ 
ture with a fluid secreted by the salivary glands (insalivation) ; beyond this 
are the organs of deglutition, the pharynx and the oesophagus, which convsy 
the food into the stomach in which the principal chemical changes occur, and 
in which the reduction and solution of the food take place; the stomach is 
followed by the small intestine, Avliich is divided for purposes of description 
into three parts, the duodenum, tho jejunum, and ileum, and in which the 

• See especially Auieultatim md Ptsrnminn, by Samuel Gee. Edit. 6, 1906. Smith, 
Elder & Co. 
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nutritive principles of the food are separated and absorbed ; finally the small 
intestine terminates in the large intestine, which is made up of cacuni, colon, 
rectum, and anal canal, the last terminating on the surface of the body at the 
anus. The accessory organs are the teeth, for purposes of mastication ; the 
three pairs of salivary glands —the jiarotid, subniaxillary, and sublingual —the 
secretion from wlucli mixes v\ith the food in tlie moutii and converts it into a 
bolus and acts chemically on one of its constituents ; the liver and pancreas, 
two large glands in the abdonn'ii, the secretions of -vvluch, in addition to that 
of numerous minute glands in the, walls of tlic alimentary canal, assist in the 
process of digestion. 

Alimentary Canal 


Mouth. 

Pharynx. 

OKsophagus. 

Stomach. 


I Duodenum. 

Small intestine j Jejunum. 

I Ileum. 
Cspcum. 

Large intestine 

° 1 Kcctum. 

Anal canal. 


Teeth, 

Salivary glands 


Accessory Organs 

Parotid. 

Submaxillary. 

Sublingual. 


Liver. 

Pancreas. 


The Mouth 

The mouth (cavum oris) is ](lacod at the commeiKsemmt of tlio alimentary 
canal (tig. 899) ; it Is a nearly ovai-shaped cavity, in which the mastication of 
the food takes place. It consists of two ])arts : an outer, smaller portion, the 
vestibule (vestibuliim oris), and an inner, larger part, the cavity proper of the 
mouth (cavurn oris jiroprium). 

The veslibulum oris is a slit-lik(' .spjwe, bounded in front and laterally by the 
lips and cheeks ; behhid and internally by tJ)c gums and teeth. It eom- 
inunieat('s with the surfaci; of the body by the aperture of the mouth. Above 
and below, it is limited by the reflection of the mucous membrane from tlie 
li])s and checks to the gum eovt*ring the upper and lower alveolar arch respec¬ 
tively. It receives the secretion from the parotid glands, and communicates, 
when tlio jaws are clo.sed, with the cavum oris by an aperture on either side 
behind the wisdom teeth, and by narrow ehdts between opposing teeth. 

The cavum oris proprium is bounded laterally and in front by the alveolar 
arches witli tlwur contained teeth ; behind, it communicates with the pharynx 
by a constricted aperture tcwmc'd tlie isthmus faurium. It is roofed in by tlie 
liard and soft palates, while the greater part of the floor is formed by the 
tongue, the remainder being comifletcd by the reflection of the mucous 
membrane from the sides and unden- surface of the tongue to the gum lining tho 
inner aspect of the mandible. It n^ccives the secretion from the subrnaxillary 
and sublingual glands. 

The mucous memlgane. lining the mouth ia continuous with the integument at the free 
margin of the lips, and with tho mucous lining of the pharynx behind; it is of a rose-pink 
tinge during life, and very thick where it overlies the hard parts bounding the cavity. It is 
covered by stratified epithelium. 

The lips (labia oris) are two fleshy folds which surround the orifice of the 
mouth (rima oris), foi med externally of integument and internally of mucous 
membrane, betw'cen which are found the Orbicularis oris muscle, tho coronary 
vessels, some nerves, areolar tissue, and fat, and numerous small labial glands. 
The inner surface of each lip is connected in the middle line to the gum of the 
corresponding jaw by a fold of mucous membrane, the frenulum —the upper 
being the larger of the two. 

The labial glands are situated between the mucous membrane and the 
Orbicularis oris, round the orifice of tho mouth. They am circular in form, and 
about the size of small peas; their ducts opening by minute orifices upon tho 
mucous membrane In structure they resemble the salivary glands. 
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The cheeks (buccae) form the sides of the face, and are continuous in 
front with the lips. They are composed externally of integument; internally 


Fio. 899.—^Sagittal section of n<Kie, mouth, pharynx, and larynx. 
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of mucous membrane ; and between the two of a muscular stratum, besides a 
large quantity of fat, areolar tissue, vessels, nerves, and buccal glands. 

The mucotte membrane lining the cheek is reflected almve and below upon the gums, and 
is continuous behind with the lining membrane of the soft palate. Opposite trie second 
molar tooth of the upper jaw is a papilla, the summit of which presents the aperture of the 
duct of the parotid gland. The principal muscle of the cheek is the Buccinator; but 
numerous other muscles enter into its formation, viz. the Zygomatici, Risorius, and 
Platysma. 

The buccal glands are placed between the mucous membrane and Buccinator muscle: 
they are similar in structure to the labial glands, but smaller. About flye of larger size 
than the rest are placed between the Massoter and Bucoiflator muscles around the dia tnl 
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extremity of Stenson’s duct; their ducts open in the mouth opposite the last molar tooth. 
They are called mcHar glanda. 

The gfums (gingivae) are composed of a dense fibrous tissue, closely 
connected to the periosteum of the alveolar processes, and surrounding 
the necks- of the teeth. They arc covered by smooth and vascular mucous 
membrane, which is remarkable for its limited sensibility. Around the necks 
of the teeth this membrane presents numerous fine papiUae, and is reflected 
into the alveoli, where it is continuous with the periosteal membrane lining 
these cavities. 

Applied Anatomy .—The gums are occasionally the seat of considerable h 3 rj»ertrophy, 
forming a lobulated vascular fold growing up in front and behind the teeth, so as almost 
to bury them. They may also become swollen and congeste<i, bleeding freely, and often 
becoming ulcerated. The condition is known as spongy gums, and may occur in scurvy, 
in stomatitis and dyspepsia, in ill-fed tuberculous cliildion, and from the administration of 
mercury; the gums are very tender, mastication is painful, and there is often consider¬ 
able fmtor. The margin of the gum presents an interrupted blue line in cases of 
lead-poisoning. The collection of tartar, which consists of the secretion from the gams, 
mixed with fragments of food and salivary salts, may give rise to a condition known as 
pyorrhoea alveolaria, which is an inflammatory condition of the gums, followed by the 
gradual absorption of the alveolus and the falling out of the teeth. Fibrous tumours 
(epulis), myeloid growths and epitheliomata are met with in the gums. 

The palate (palatum) forms the roof of the moutli : it consists of two 
portions, tlie hard palate in front, the soft ]nUate behind. 

The hard palate (palatum durum) is bounded in front and at the sides 
by tlie alveolar arches and gums ; beliind, it is continuous with the soft palate. 
It is covered by a dense structure formed by the periosteum and mucous 
membrane of the mouth, which are intimately adherent. Along the middle 
line is a linear ridge or raphe (ra])he palati), which terminates anteriorly 
in a small papilla corresponding with the inferior opening of the. anterior 
palatine fossa. On oithei- side and in front of the raphe the mucous membrane 
is thick, pale in colour, and corrugated ; beliind, it is thin, smooth, and of a 
deeper colour : it is covered with squamous epithelium, and furnished with 
numerous glands (palatal glands), wliiiOi lie between tlic mucous membrane and 
tlie surface of the bone. 

The soft palate (palatum molle) is a movable fold, suspended from the 
posterior border of the hard jialate, and forming an incomjileto septum 
between tlie mouth and pharynx. It consists of a fold of mucous membrane 
enclosing muscular fibres, an aponeurosis, vessels, nerves, adenoid tissue, and 
mucous glands. When occupying its usual position (i.e. relaxed and pendent) 
its anterior surface is concave, continuous with the roof of the mouth, and 
marked by a median ridge or raphe, which indicates its original si^paration 
into two lateral Jialves. Its posterior surface is convex, and continuous with 
the mucous membrane covering the floor of the nasal fossse. Its upi>er 
border is attached to the posterior margin of the hard palate, and its sides are 
blended with the pharynx. Its lower border is free. 

Hanging from the middle of its lowei; border is a small, conical, 

S endulous proce.ss, the uvula (uvula palatina) ; and arching outwards and 
OAvnwards from the base of tlie uvula on either side, are two curved folds of 
mucous membrane, containing muscular fibres, called the arches or pillars of 
the soft palate or pillars of the fatices. 

The anterior pillar (arcus glossopalatinus) on either side runs down¬ 
wards, outwards, and forwards to the side of the base of the tongue, and is 
formed by the projection of the Palato-glossus muscle, covered by mucous 
membrane. 

The posterior pillar (arcus pharyngopalatinus) is larger and projects 
farther inwards than the anterior; it runs downwards, outwards, and 
backwards to the side of the phaiynx, and is formed by the projection of the 
Palato-pharyngeus muscle, covered by mucous membrane. The anterior and 
posterior pillars are separated below by a triangular interval, ‘in which the 
tonsil is lodged. • 

The aperture by which the mouth communicates with the pharynx is 
called the isthmus faucium. It is bounded, above, by the soft palate ; below, 

4 A 2 



1092 SPLANCHNOLOGY 

by the dorsum of the tongue ; and on either side, by the anterior pillar of the 
fauces. 

The aponeurosis of the, soft palate is a thin but firm fibrous layer attached 
above to the posterior border of the hard palate, and becoming thinner towards 
the free margin of the soft palate. Laterally, it is continuous, with the 
pharyngeal aponeurosis. It forms the framework of the soft palate, and is 
joined by the tendons of the Tensor palati muscles. 

The muscles of the soft jjalate are five on each side : the Levator palati, 
Tensor palati, Azygos uvula3, Palato-glossus, and Palato-pharyngeus (see 
pages 484, 485). The following is the relative position of the structures in a 
dissection of the soft palate from the posterior or pharyngeal to the anterior 
or oral surface. Immediately beneath the raucous membrane is a thin stratum 
of muscular fibres, tlie posterior fasciculus of the Palato-pharyngeus muscle, 
joining with its fellow of tlie opposite side in the middle line. Beneath this 
is the Azygos uvulae, consisting of two rounded flesliy fastiiculi which are in 
contact with each other in the median lin(i of the soft palate. Next comes 
the aponeurosis of tlie Levator palati joining with that of Ihe muscle of the 
opposite side in tlie middle line. Fourthly, is the anterior fasciculus of the 
Palato-pharyngeus, tliicker than the posterior, and separating the Levator 
palati from the next muscle, the Tensor palati. This muscle terminates in a 
tendon which, after winding round the hamular process, expands into a bi'oad 
aponeurosis in the soft palate, anterior to the other muscles which have been 
enumerated. Finally there is a thin muscular stratum, the Palato-glossus 
muscle, placed in front of the aptmeurosis of the Tensor palati, and separated 
from the oral mucous membrane by glands and adenoid tissue. 

The mucous membrane of the soft palate is thin, and cov'ered with squamous ejiilhelium 
on both surfaces, exce])linf! near the orifice of the Eustachian tut)e, where it is columnar 
and ciliated.* Beneath the mucous membrane on the oral surface of the soft palate is a 
considerable amount of adenoid tissue. The palatine glands form a continuous layer on 
its posterior surface and round the iivida. 

Vessels and Nerves.—'Ihe arteries supplying the palate are the descending palatine 
Ijranch of the internal maxillary, the ascending })alatino branch of the facial, and the 
palatine branch of the ascending plniryngeal. The veins terminate chiefly in the pterygoid 
and tonsillar plexuses. The h/mphatic vessels pass to the deep cervical glands. The 
motor nerves arc chiefly derived from the pharyngeal plexus, the Tensor palati, however, 
receiving a special branch from the otic ganglion. Ilie sensory filaments are derived from 
the descending j)alaliDe and naso-palatine nerves and from the glosso-pharyugeal. 

Applied Anatomy .—The occnrronce of a congenital cleft in the palate has been already 
referred to as a deh^ct in devclojmcnt (y>age 2S5). Ac(inired perforations of the palate 
arc almost invariably the result of the breaking down of syphilitic gumniata. The ensuing 
ulceration may continue until yiTactically the whole palate, both hard and'soft, has been 
destroyed Tumours of the palate, both innocent and malignant, are occasionally 
seen. 

Paralysis of the soft palate often occurs after diphtheria. It gives rise to a change in 
the voice, which Imcomcs nasal, and to the regurgitation of liuids down the nose when their 
swallowing is attempted. On inspection, the palate is seen to hang flaccid and motionless 
when phouatJon or deglutition are attempted ; it is also ansesthetic. 


The Teeth (Dentes) (figs. 900 to 903) 

'fhe human subject is provided with tw'O sets of teeth, w'hich make their 
appearance at different periods of life. Those of the first set appear in child-' 
hood, and arc called the tem'porary, deciduous, or milk teeth. Those of the 
siicond set, u hich also appear at an early period, continue until old age, and 
arc named permanent. 

The temjwrary teeth are twenty in number : four incisors, two canines, and 
four molars, in each jaw. 

The permanent teeth are thirty-two in number : four incisors, two canines, 
four bicuspids, and six molars, in each jaw. 

* According to Klein,•the mucous meml)ranc on the nasal surface of the soft palate in the 
foetus is covered throughout by columnar ciliated epithelium, which subsequently becomes 
squamous; some anatomists state that it is covered with columnar ciliated epithelium, except 
at its free margin, throughout life. 
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The dental formulas may be represented as follows ; 


Temporary Teeth 




uiol. 

PUil. 

ill. 

in. 

cau. 

mol. 



Upper jaw 

• 

2 

1 

2 i 

i 

2 

1 

2 


1 Total 20 

Low'er jaw 

• 

2 

1 

2 1 

2 

1 

2 


1 




Permanent Teeth 






mol. 

liic. 

can. 

ill. 1 

111. 

pan. 

bid. 

mol. 


Upper jaw 

. 3 

2 

1 

-'--i 

2 

1 

2 

3 

j Total 32 

Lower jaw 

. 3 

2 

1 

2 1 

2 

1 

2 

3 


General characters .—Each tooth consists of three portions : the crown, or 
body (corona dentis), projecting above the gum; the root (radix dentis), 
consisting of one or more fangs, entirely concealed within tlie alveolus ; and 
the neck (colium dentis), the constricted portion betMccn the csrowii and root. 

The roots of the teeth are firmly impl.mted within the alveoli ; these depres¬ 
sions are lined with piu-iosteum which is reflected on to the tooth at the point 
of the fang, and covers it as far as the nc'clc. At the margin of the alveolus, 
the periosUium becomes (iontinuous with the fibrous striudure of the gums. 


Fia. 900.—Permanent teeth of up^ier jaw, seen from below. 
Fononinu of Htemon 

A nterior palatine fossu 

Furauiiiia of Scarpa 



Palatal jiroccss oj maxilla 
Honsontal plate of palate hon> 


Posterm- palatine c.anal 
Accessory palatine canals 


In consequence of the cuj/e of the dental arch, -such terms as anterior, 
posterior, internal, and external, as applied to the teeth, are misleading and 
confusing. Special terms are therefore applied to the different surfaces of a 
tooth : that surface wliich is directed towards the lips or cheek is known 
as the hhial surface (facies labialis) ; that which is directed towards the 
tongue is described as the lingv/il surface (facies lingualis) ; that surface which 
is directed towmds the mesial line, supposing the teeth were arranged in a 
straight line outwards from the central incisor, is knbwn as the prootdiml 
surface ; while that which is directed away from the mesial line is called the 
distal surface. 
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The teeth in the maxillae form a larger arch than those in the mandible, 
so that they slightly overlap those of the mandible both in front and at the 
sides in the normal condition. Since the upper central incisors are wider 
than the lower, the other teeth in the upper jaw are thrown somew^hat distally, 
and the two sots do not quite correspond to each other when the mouth is 


Fio. 901.—Side views of the teeth and jaws. (Cryer.) 



closed ; thus the canine tooth of the uj)per jaw rests }iartly on the canine of 
t iic lower jaw and partly on the first premolar, and the cusps of the molar 
teeth of the upjier jaw lie behind tins corresponding cusps of the molar 
teeth of the lower jaw. The two series, how'ever, terminate at nearly the 
same point behind ; Ibis is mainfr because the molars in the upper jaw are 
the smaller. 

Permanent Teeth (Dentes pekmanentbs) 

The incisors, or cutting teeth (dentes incisivi), are so named from their 
presenting a sharji cutting edge, adapted for biting the food. They are eight 
in number, and form the four front teeth in each jaw. 

The enmn is directed vertically, and is chisel-shaped, being bevelled at 
the expense of its lingual surface, so as to present a sharp hoiizontal cutting 
edge, which, before being subjected to attrition, presents three small prominent 
points separated by two slight notches. It is convex, smooth, and highly 
polished on its labial surface; concave on its lingual surface, where, in the 
teeth of the upper jaw, it is frequently marked by a V-shaped eminence, 
situated near the gum, the apex, where the two arms of the eminence meet, 
being directed upwards. This is known as the basal ridge or cingulum. The 
neck is constricted. The fang is long, single, conical, transversely flattened, 
thicker in front than behind, and slightly grooved on either side in the 
longitudinal direction. 

The incisors of the upper jaw are larger and stronger than those of the 
lower jaw. They are directed obliquely downwards and forwards. The two 
central ones are larger than the two lateral, and their roots are more rounded. 

The incisors of the lower jaw are smaller than those of the upper jaw : the 
two central ones are smaller than the two lateral, and are the sroallest of all 
the incisor teeth. They are placed vertically and are somewhat bevelled in 
front, where they have been worn down by contact with the overlapping edge 
of the upper teeth. The cingulum is absent. 

The canine teeth^ (dentes canini) are four in number, two in the upper, 
and two in the lower “jaw ; one being placed distally to each lateral incisor. 
They are larger and stronger than the incisors, and their fangs sink 
deeply into the jaws, and cause well-marked prominences upon the surface. 
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The arovon is large and conical, very convex on its labial surface, a little 
hollowed and uneven on its lingual Surface, and tapering to a blunted point 
or cusp, which projects beyond the level of the other teeth. The root is single, 
but longer and thicker than that of tlie 

incisors, conical in form, compressed 902,—Permanent teeth of right 

laterally, and marked by a slight groove half of mandible seen from almve. 
on each side. incisors 


The upper canine teeth (popularly 
called eye-teeth) arc larger and longer 
tlian the lower, and situated a little 
distally to them. They usually present 
a distinct basal ridge. 

The lower canine, teeth are placed 
mesially to the ui>per, so that their sum¬ 
mits correspond to the interval between 
the upper canine teeth and the neigh¬ 
bouring incisors on each side. 

The bicuspid teeth or premolars 
(dentes jiremolares) are eight in number : 
four in each Jaw, two being })laeed c^'s- 
tally to each of the canine teeth. They 
are smaller and shorter than tlu'- canines. 

The crown is compressed piX)ximo- 
dislally, and surmounted by two pyra¬ 
midal eminences or cusps, a labial and a 
lingua], separated by a groove ; hence 
their name, hicnupid. Of the two cusps 
the labial is larger and more prominent 
than the lingual. The neck is oval. The 
root is generally single, compressed, and 
presents on either side a deej) groove, 
which indicates a tendency in the root to 
become double. The apex is generally 
bifid. 



The upper bicusfdds arc larger, and 

present a greater tendency (o tlu! division of tlndr roots than the lower 
this is especially marked in th(> first upper bicuspid. 


Fig. 903.—Permanent teeth. Right side. (Riirchard.) 



The molar teeth (dentes molares) are the largest of the permanent set, and 
are adapted from the great breadth of their crowns for*grinding and pounding 
the food. They are twelve in number : six in each jaw, tliree being jdaced 
distally to each of the second bicuspids. 
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The crovm is nearly cubical in form, convex on its labial and lingual 
surfaces, tlattened on its proximal and distal aspects ; the upper surface is 
surmounted by four or five tubercles, or cusps (four in the upper, five in the 
lower molars), separated from each other by a crucial depression ; hence the 
molars arc sometimes termed nmllicuspid^. The neck is distinct, largo, and 
rounded. The root is subdivided into two or three fangs ; three in the teeth 
of the upper Jaw, and two in those of the lower. Each of these fangs presents 
an aperture at its summit. 

1’he crown of the first molar tooth in the vp^ir jaw has usually four cusps ; 
the root consists of tliree fangs, widely separated from one another, two being 
labial, the other lingual. 

The crown of the first molar tooth in the lower jaw is larger than that of the 
upper : it has five cusps, and its T-oot consists of tw(» fangs, one being placed 

proximally, the other distaUy : they 
Fro. 904.—Temporary teeth. Left side. arc botli compressed from before back¬ 
wards, and gi'oovcd on their contiguous 
fac(i8, indicating a tendency to division. 

Tlie second molar is a little smaller 
than till! first. The crown has three or 
four cus])s in the upper, and usually 
five in the lower jaw. The root has 
three fangs in the upper jaw, and two 
in the lower, the characters of which 
are .similar to those of the preceding 
tooth. 

'I'Jic third molar tooth is caUed the 
wisdom-tooth or dens snjnentice (dens 

serotinus), from its late appearance 

through the gum. Its crown is nearly 
as largo as that of the second molar, but is smaller than that of lltc finst. In 

the upper jaw it is usually furnished witli tlirce <-usps, tlic (wo lingual ones 

being blcjidcd ; in the lower jaw there are five cusps as in the other molars. 
The root is generally single, shorl, conical, slightly curved, and grooved so as 
to present traces of a subdivision into three fangs in the upper, and two in 
the lower jaw. 



TjEatPOBARY TjfJKTH (Dkxtes decidui) (fig. 904) 

The temporary, or milk teeth, arc smaller than, but. geiuwally speaking, 
resemble in form, the teeth whi(;h bear (lie same names in the permanent set. 
The hinder of the two temporary molars is the largest of all the milk teeth, and 
is succeeded by the second permanent bicusiiid. Tlie first ui)per molar has only 
three cusps—two labial, on<* lingual ; the second u|)]»cr molar lias four cusps. 
The first lower molar has four cusps ; tin* second lowc'r molar has five. The 
fangs of the temjiorary molar teeth arc smaller and more divergent than those 
of the permanent set. but in other re,spec!s bear a sliung resemblance to them. 

STltl'CTUBE OJ)’ THE TbETH 

On making a vertical section of a (ootli (Hg. 905), a cavity will be found in the interior 
of the crown and the centre of each fang; it opens by a minute orifice at the extremity 
of the latter. In shape it. corresponds somewhat with that of the tooth ; it forms what 
is called tlie pulp aieity (cavum dentis), and contains a soft, highly vascular, and sensitive 
substance, the dental pulp (pufiia donti.s). The }iui)) consists of a loose connective tissue 
consisting of lino fibres and cells ; it is richly supiilied with vessels and nerves, which enter 
the cavity through the small aperture at the point of each fang. Some of the cells of*“the 
jmlp [lormeate the matrix, and others arc arranged as a layer on the wall of the pulj» 
cavity. The latter colls arc named the odontoblasts of WaUleyer, and, during the develop¬ 
ment of the tooth, are columnar in shape, but later on, after (he dentine is fully formed, 
they become fl.atlened and resemble osteoblasts. They have two fine processes, the outer 
one passing into a dental tubule, the inner being continuous with the processes of the 
connective-tissue cells of t^e jtulp matrix. 

The solid portion of the tooth consists of (1) the ieory or dentine, which forms the bulk 
of the tooth ; (2) the enamel, which eov'ers the ox])osod pai't of the crown ; and (3) a thin 
layer, the ceiyent or crusia petrosa, which is disposed on the surface of the fang. 
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The ivory, or dentine (svibstantia eburnea) (fig. 007), forms the }>rinci})al mass of a 
tooth ; in its central part is the cavity enclosing the pulp. It is a modification of osseous 
tis.sue, from which it differs, however, in structure. On microscopic examination it is 
seen to consist of a number of minute wavy and branching tubes, the dentinal tubules, 
imbedded in a dense homogeneous substance, the matrix. 

The dentinal tuhvles (canaliculi dontales) (fig. 908) are placed parallel with one another, 
and open at their inner ends into the pulp cavity. In their course to the periphery they 
present two or three curves, and arc Uvisted on themselves in a spiral direction. These 
tubes vary in direction : thus in a tooth of the mandible they are vertical in the upper 
portion of the crown, becoming oblique and then horizontal in the neck and upper part 


Fig. 905.—Vertical section of a tooth in situ. 
(15 diameters.) 



is piacvii iu tliu jiulr cavity, iiiijiositc tUe cervix oi neck 
of tile tooth ; the part abov c it is the crown, Uiat below 
is tlic root (fans). 1- Unoincl witli radial and concentric 
luarkuKS. i. dentine mth tubules and incrciucntal 
linos. 3. Cement or crusta petrosa, with bone curpitsclcs. 
4. Dental periosteum. 6. Mmidiblo. 


Fig. 906.—Vertical section of a 
molar tooth. 



Kio. 907.—Vertical section of a 
bicuspid tooth. (Magnified.) 



of the root, while towards the lower part of the root they arc inclined downwards. In 
their course they divide and subdivide dichotomously, so as to give to tlie cut suilace of 
the dentine a striated appearance. From tlie sides of the tubes, especially in the fang, 
ramifications of extreme minuteness are given off, whicli join together in loops in the 
matrix, or terminate in small dilatations, from which branches aic given off. Near the 
periphery of the dentine, the finer ramifications of the tubules terminate imijerceptibly 
by free ends. The dentinal tubules have comparatively thick w^lls, consisting, in addition 
to the intertubular tissue, of an elastic homogeneous membrane, the dentinal sheath of 
Neumann, which resists the action of acids; they contain slender cylindrical prolongations 
of the odontoblasts, first described by Tomes, and named Tomes's Jihres or dentinal fibres. 
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The matrix is transtucent, and contains the chief part of the earthy matter of the 
dentine. In it are a number of fine fibrils, which are continuous with the fibrils of the 
dental puli). After the earthy matter lias been removed by steeping a tooth in weak acid, 
the animal basis remaining may be tom into laminae which run parallel with the pulp 
cavity, across the direction of the tubes. A section of dry dentine often displays a series 
of somewhat parallel lines—the incremental lines of Salter. These lines are composed of 
imperfectly calcified dentine arranged in layers. In consequence of the imperfection in 
the calcifying process, little irregular cavities are left, termed interglobular spaces (spatia 
interglobulaiia). Normally a series of these spaces is found towaids iho outer surface of 
the dentine, where they form a layer, which is sometimes known as the granular layer 
(fig. 907). They have received their name from the fact that they are surrounded by 
minute nodules or globules of dentine. Other curved lines may bo seen parallel to the 
simface. These are the Unes of Schreger, and aie due to the oj)tical effect of simultaneous 
curvature of the dentinal fibres. 

Chemical Composition. —^According to Berzelius and von Bibra, dentine consists of 28 parts 
of animal and 72 of earthy matter. The animal matter is converted by boiling inlo gelatin. 

The earthy matter consists of ))hosp}iate 


Fio. 908.—Transverse section of a portion 
of the root of a canine tooth. (Magnified 
300 diameters.) 
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of lime, carbonate of lime, a trace of 
fluoride of calcium, i)hosphate of magnesia, 
and other salts. 

Tlio enamel (substantia adamantina) is 
the hardest and most compact part of the 
tootli, and forms a thin crust over the 
exposed pail of the crown, as far as 
the commencement of the fang. It is 
thickest on the grinding surface of the 
crown, until worn away by attrition, and 
becomes thinner towards the neck. It 
consists of minute hexagonal rads or 
columns terraeti enamel fibres or enamel 
prisms (prismata adamantina). They lie 
parallel with one another, resting by 
one extremity ujion the dentine, wliicl* 
presents a number of minute depressions 
for their reception ; ami forming the free 
surface of the crown by the other extremity. 
The columns are directed vertically on the 
summit of the crown, horizontally at the 
sides; they are aliout of an inch in 
diameter, and pursue a more or less wavy 
course. Each column is a six-sided prism 
and presents numerous dark transverse 
sliadings; these shadings are probably 
due to the manner in wliich the columns are 
develoi)ed in successive stages, producing 
shallow constrictions, as will be sub- 
seciucntly exiilained. Another scries of 
lines, having a brown appearance, the 
parallel striae or coloured lines of Itetzivs, 
is seen on section. According to Ebner, 
they are produced by air in the inter- 
prismatic spaces; others believe that they 
are the result of true pigmentation. 

Nvmicrous minute interstices intervene between the enamel fibres near their dentinal 
ends, a provision calculated to allow of the permeation of fluids from the dentinal 
tubule inlo the substance of the enamel. 

Chemical Composition. —^According to von Bibra, enamel consists of 96*6 per cent, 
of earthy matter, and 3-5 per cent, of animal matter.* The earthy matter consists of 
phosphate of lime, with traces of fluoride of calcium, carbonate of lime, phosphate of 
magnesia, and other salts. 

The crusta petrosa, or cement (substantia ossea), is disposed as a thin layer on the 
roots of the te.etb, from the termination of the enamel to the apex of the fang, where 
it is usually very thick. In structure and chemical composition it resembles bone. It 
contains, sparingly, the lacunm and canaliculi which chai'acterise true bone; the lacunas 
placed near the surface have the canaliculi radiating from the side of the lacunas towards 
the periodontal membrane; and those more deeply placed join with the adjacent dental 
tubides. In the thicker portions of the crusta petrosa, the lamellao and Haversian canals 
peculiar to bone are also found. 

* Tomes disputes this, and says that enamel is an inorganic substance, and that what has 
been regarded as organic matter is in reality merely water in combination with the salts. 
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As age advances, the cement increases in thickness, and gives rise to those bony growths, 
or exostoses, so common in the teeth of the aged; the pnip cavity also becomes partially 
filled up by a hard substance, intermediate in structure between dentine and bone {osteo- 
dentine, Owen; secondary dentine. Tomes). It appears to be formed by a slow conversion 
of the dental pulp, which shrinks, or even disappears. 

DirVBlIiOPMEST OF THH Tbbth (flgs. 909 to 912) 

In describing the development of the teeth, the mode of formation of the temporary 
or milk teeth must first be considered, and then that of the permanent series. 

Development of the temporary teeth.—^Thc development of those t eeth begins at a 
very early period of fcctal life—about the sixth week. It commences as a thickening of 
the epithelium along the lino of the future jaw, the thickening being due to a rai>id multi¬ 
plication of the moi-e deeply situated epithelial cells. As the cells multiply they extend 
into the subjacent mesoderm, and thus form a semicircular ridge or strand of colls imbedded 

Fig. 909.—Sagittal section thiough the first lower temporary molar of a hwnan embryo 

30 mm. long. (Rose.) ^V"* 



l,.E.L., lul)io-dcnliU lamina, Jicro separated from and well in advance of the dental lamina; Z.L., placed 
over tlie shallow dental lumnv, points to the dental lamina, which is s|ircad ont below to form tlie 
enamel germ of tiie future tooth; P.p., IncaBiiidutc papilla, capped by the cn.unel germ ; Z.S., condensed 
tLssue fonmug dental sac ; M.Z., montli-epitlieliiim. 


Fro. 910.—Similar section through the canine tooth of an embryo 40 mm. long. 

(Rose.) ^1". 



L.F., labio-dcntal furrow. 'J'he other lettering os in fig. 1109. 


in mesoderm. About the seventh week a longitudinal splitting or cleavage of this strand 
of cells takes place, and it becomes divided into two strands; the separation begins in 
front and extends laterally: the process occupying four or five weeks. Of the two 
strands thus formed, the outer or labial forms the future labiojdental furrow, and is there¬ 
fore termed the labio-dental lamina ; while the other, the inner or lingual, is the ridge of cells 
in connection with which the teeth, both temporary and permanent, are developed. Hence 
it is known as the dental lamina or common dental germ. It forms a fiat band of cells, which 
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grows into the substance of the embiyonic jaw, at first horizontally inwards, and then, as 
the teeth develop, vertically, i.e. upwards in the upf)er jaw,^and downwards in the lower 
jaw. While still maintaining a horizontal direction, it has two edges; one, the attached 
edge, which is continuous with the epithelium lining the mouth ; the other, the free edge, 
projecting inwaids, and imbedded in the mesodermal tissue of the embryonic jaw. Along 
its lino of attachment to the buccal epithelium is a shallow groove, the dental furrow. 

About the ninth week the dental lamina begins to develop enlargements along its 
free border. These are ten in number in each jaw, and each coiTcsponds to a future 
milk tooth. They consist of masses of eiuthelial cells; and the cells of the deeper part— 
that is, the part farthest from the margin of the jaw—increase rapidly and spread out in all 
directions. Each'mass thus comes to assume a club shape, connected with the general 
c{>ithelial lining of the mouth by a narrow neck, embraced by mesoderm. They are now 
known as special denial germs. After a time the lower expanded ]ior(ion inclines outwards, 
so as to form an angle with the superficial constricted portion, whicli is sometimes known 
as the neck of tlie special dental germ. .About the tenth week the mesodermal tissue 
beneath the^so special dental germs becomes dillerentiatcd into jiapillte ; these grow uj)W'ards. 
and come in contact with the ej)ithelial cells of the special dental germs, which become 
folded over them like a hood oi' ca]>. Thei-e is, then, at tliis stage a papilla (or jmpilla') 
which has already begun to assume somewhat the sha]»e of the crown of the future tooth, 
and from which the d««itine and j)uli) of the tooth are formed, simmountcd by a dome or 
cap of epithelial cells, from which the enamel is derived. 


Fig. 911.—^A’crtical section of the mandible of an early human foetus. 
(Magnified 25 diameters.) 



In the meantime, while these clianges have been going on, the dental lamina has been 
extending backwards l)ehind the special dental germ corresponding to the second molar 
tooth of the temporary set, and at about the seventeenth week it jwosents an enlargement, 
the special dental germ, for the lii-st jicrmanent molar, soon followed by the formation of a 
{lapilla in the mesodermal tissue for the same tooth. This is followed, about the sixth 
month after birth, by a further extension backwards of the dental lamina, with the 
formation of another enlargement and its corresponding papilla for ■the second molar. 
And finally the juocess is repeated for the third molar, its papilla appearing about the 
fifth year of life. 

After the formation of the special dental germs, the dental lamina undergoes atrophic 
changes and becomes cribriform. exce))t on the lingual and lateral aspeets of eaeh of the 
special germs of the temporary teeth, where it undergoes a loeal thickening, forming the 
special dental germ of each of the successional permanent teeth—^i.e. the ten anterior 
ones in each jaw'. Here the same process goes on as has been described in connection 
with those ol the milk teeth: that is, they recede into the substance of the gum behind 
the germs of the temporary teeth. As they recede they become club-shaped, form an 
expansion at theu- distal extremity, and finally meet a ^lapilla, which has been formed in 
the mesoderm, just in the same manner as was the case in the temiiorary teeth. The 
apex of the papilla indents the dental germ, which encloses it, and, forming a cap for it, 
becomes converted into the .enamel, while the papilla forms the dentine and pulp of the 
permanent tooth. 

The special dental germs consist at first of rounded or polyhedral epithelial cells; 
after the formation of the papillae, these cells undergo a difierentiation into three classes. 
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Those which are in immediate contact with the papilla become elongated, and form a 
layer of well-marked columnar epithelium coating the papilla. They are the cells wliich 
form the enamel fibres, and arc therefore termed enamel cells or adamantoblasUi. Tlie cells 
of the outer layer of the special dental germ, which are in contact with the inner surface 
of the dental sac, pr^enlly to be described, are much shorter, cubical in form, and are 
named the external enamd e-pithelmm. All the intermediate round coils of the dental 
germ between these two layers undergo a peculiar chaise. They become stellate in 
shape and develop processes, which unite to form a netyrork info which fluid is secreto<l; 
this has the appearance of a jelly, and to it the name of enamel pulp is given. This 
transformed special dental germ is now known under the name of enamel organ. 

While these changes are going on, a sac is formed around each enamel organ from 
the surrounding mes^ermal tissue. Tliis is known as the dental sac, and is a vascular 
membrane of connective tissue. It grows up from below', and thus encloses the whole tooth 
genn ; as it grows it causes the neck of the enamel organ to atrophy and disa]>pcar ; so that 
all communication between the enamel organ and the superlicial epithelium is cut off. 
At this stage there arc vascular ]>a}>ill!e surmounted by inverted cai)s of epithelial colls, 
the whole being surrounded by membranous sacs. The cap consists of an internal layer 
of cells—(he enamel cells or adamantoblasts—in contaiit with the papilla ; of an external 
layer of cells—the external enamel e]>ithelium—lining the interior of the dental sac; 
and of an intermediate moss of stellate cells. 


with anastomosing processes—the enamel 
pulp (tig. 912). 

Formation of the enamel. —The enamel u 
formed exclusively from the enamel cells or 
adamantoblasts of the special dental germ, 
either by direct calcification of the columnar 
cells, which become elongated into the hexa¬ 
gonal rods of the enamel; or, as is believed 
by some, as a secretion from the adamanto- 
blasts, within which calcareous matter is 
sub8e(|uently deposited. 

The j»rocess begins at the apex of each 
cusp, at the ends of the enamel cells, in con¬ 
tact with the dental ])aj)illa. Here a line 
globular deposit takes filacc, being ap])arc-!ntly 
shed from the end of the adamantoblasts. 
It is known by the name ot enamel droplet, 
and resembles keratin in its resistance to the 
action of mineral acids. This droplet then 
calcifies and forms the first layer ot the 
enamel; a second droplet now aj)pcius and 
cidcilics, and so on; successive droplets of 
keratin-like material arc shed from (he 
adamantoblasts and form successive layers 
of enamel, the adamantoblasts gradually 
receding as each layer is produced, until at 
the termination of the process they have 
almost disappeared. The intermediate cells 
of the enamel pulp atrophy and disappear. 


Fiu. 912.—Dental sac of a human embryo 
at an advanced stage of development. 
Tartly diagrammatic. 



Wall uf for nod of connoctixo tissue, v^ith its 

outer Btratiiiu, < und it8 inner, a . b. Enuincl 
orgun. c. n'hr* ox ornid I'Jiainol ejntlielnuii. d, Tlie 
onuijiel collri. e. )outiino cells. Dental iiupUlu. 
1 . 'rrunsiUon of tlie wall of tlie fuUiolc into the 


so that the newly formed calcified material of the dcntui germ, 

and the external enamel epithelium come 

into ajiposition. This latter layer, however, soon disa])xiears on the emergence of the 


tooth beyond the gum. After its disapi)earancc«ihc crown of the tooth is still covered 
by a distinct membrane, which remains jiersistent for some time. This is known 
as the cuticvki defltis, or Nasmyth’s membrane, and is believed to be the last-formed 


layer of enamel derived from the adamantoblasts, which has not become calcified. It 


forms a horny layer, which may be separated from the subjacent calcified mass by the 
action of strong acids. It is marked by the hexagonal impressions of the enamel 
prisms, and, when stained by nitrate of silver, shows the characteristic appear'ance of 
epithelium. 

Formation of the dentine. —While these changes arc taking place in the epithelium 
to form the enamel, contemporaneous changes occurring in the differentiated mesoderm 
of the dental papillm result in the formation of the dentine. As before stated, tlie first 
germs of the dentine are the papillse, corresponding in number to the teeth, formed from 
the soft mesodermal tissue which bounds the depressions containing tlic special enamel 
germs. The papillue grow upwards into the enamel germs and become covered by (liem, 
both being enclosed in a vascular connective tissue, the denial sac, in the manner above 
desoribed. Each papilla then constitutes the formative pulp.£rom which the dentine and 
permanent pulp are developed; it consists of rounded cells, and is very vascular, and 
soon begins to assume the shape of the future tooth. The next step is the appearance of 
the odontoblasts, which have a relation to the development of the teeth similar to that of 
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the osteoblasts to the formation of bone. They are formed from the cells of the periphery 
of the papilla—^that is to say, from the cells in immediate contact with the adamantoblasto 
of the special dental germ. These cells become elongated f one end of the elongated cell 
resting against the epithelium of the special dental germs, the other being tapered and 
often branched. By the direct transformation of the peripheral ends of these cells, or by 
a secretion from them, a layer of uncalcified matrix is formed which caps the cusp or 
cusps, if there are more than one, of the papillae. In this matrix islets of calcMcation make 
their appearance, and coalescing give rise to a continuous layer of calcified material 
which covers each cusp and constitutes the first layer of dentine. The odontoblasts, having 
thus formed the first layer, retire towards the centre of the papilla, and as they do so 
produce successive layci's of dentine from their peripheral extremities—that is to say, they 
form the dentinal matrix in which calcification subsequently takes place. As they thus 
recede from the peripheiy of the papilla, they leave behind them filamentous processes of 
cell protoplasm, provid^ w’th finer side 2 )roccsses; these are surrounded by calcified 
material, and thus form the dentinal tubules, and, by thmr side branches, the anastomosing 
tubules, whereby the dentinal tubules communicate; the processes of protoplasm 
contained within them, constitute the dentinal fibres (Tomes’s fibres) which, as mentioned 
above, are found wdthin the tubules. In this way the entire thickness of the dentine is 
developed, each tubule being comi>leted throughout its whole length by a single odonto¬ 
blast. The central part of the jjapilla does not undergo calcification, but persists as the 
pulp of the tooth. In this process of formation of dentine it lias been shown that an un- 
calcified matrix is first developed, and that in this matrix islets of calcification appear 
which subsequently blend together to form a cap to each cusi); in like manner successive 
layers arc produced, which ultimately become blended with each other. In certain 
places this blending is not complete, portions of the matrix remaining uncalcified between 
the successive layers ; this gives rise, in the macerated tooth, to little spaces, which are the 
intcrgiobular spaces alluded to above. 

Formation of the cement. —The root of the tooth begins to be formed shortly before the 
crown emerges through the gum, but is not completed until some time afterwards. It is 
produced by a dow'ngrowth of the epithelium of the dental germ, which extends almost as 
far us the situation of the apex of the future fang, and determines the form of this jjortion 
of the tooth. This fold of epithelium is known as the epithelial sheath, and on its ^laiiillary 
surface odontoblasts apjfear, which in turn form dentine, so that the deniine formation 
is identical in the crown and root of the tooth. After the dentine of the root has been 
develo])ed, the vascular tissues of the dental sac begin to break through the epithelial 
sheath, and sj)read over the surface of the fang as a layer of bone-forming material. In this 
osteoblasts make their appearance, and the jjrocess of ossification goes on in identically the 
same manner as in the ordinarj' intra-mem branous ossification of bone. In this way the 
cement is formed, and consists of ordinary bone, containing canaliculi and lacunie. 

Formation of the alveoli. —About the fourteenth week of embryonic life the dental 
lamina becomes enclosed in a trough or groove of mesodermal tissue, which at first is 
common to all the dental germs but subsequently becomes divided by bony septa into 
loculi, each loculus containing the S2>cciai dental germ of a tem))orary tooth and its corres¬ 
ponding permanent tooth. After birth each cavity becomes subdivided, so as to form 
separate loculi (the futun! alveoli) for the milk tooth and its correBj)onding permanent 
tooth. Although at one time the whole of the growing tooth is contained in the cavity 
of the alveolus, the latter never completely encloses it, since there is always an aperture 
over the toj) of the crown filled by soft tissue, by which the dental sac is connected with the 
surface of the gum, and which in the permanent teeth i.s called the gubernaculum dentis. 

Sevelopment of the permanent teeth.—^The permanent teeth as regards their develop¬ 
ment may be divided into two sets: (1) those which rejdace the temporary teeth, and 
which, like them, are ten in number in each jaw; these are the successional permanent 
teeth ; and (2) those which have no temporary j)redocessors, but are superadded distal to 
the temjjorary dental series. These 01*6 three in number on either side in each jaw, and are 
termed superadded 'permanent teeth. They are the three molars of 'the permanent set, 
the molars of the temporary set being re|)laced by the ])remolars or bicusjdds of the 
permanent set. The development of the successional permanent tooth—the ten auterior 
ones in either jaw—has already been indicated. During their development the permanent 
teeth, enclosed in their sacs, come to be i)Iaced on the lingual side of the temporary teeth 
and more distant from the margin of the future gum, and, as already stated, are separated 
from them by bony partitions. As the crown of the t)eimanent tooth grows, absorption 
of thrjse bony partitions and of the fang of the temporary tooth takes place, through the 
agency of osteoclasia, w’hich appear at this time, and finally nothing but the crown of tlie 
temporary tooth remains. This is shed or removed, and the permanent tooth takes its 
[ilace. 

The superadded permanent teeth are developed in the manner already described, by 
extensions backward of the posterior ]>ai‘t of the dental lamina in each jaw. 

Eruption. —When the calcification of the different tissues of the tooth is 
sufficiently advanced to enable it to bear the pressure to which it vidll be 



THi; TEETH 


1103 


afterwards subjected, eruption takes place, the tooth making its way through 
the gum. The gum is absorbed by the pressure of the crown of the tooth 
against it, which is itself pressed up by the increasing size of the fang. At the 
same time the septa between the dental sacs, at first fibrous in structure, ossify, 
and constitute the alveoli; these firmly embrace the necks of the teeth, and 
afford them a solid basis of support. 

The eruption of the temporary teeth commences at the seventh month after 
birth, and is completed about the end of the second year, those of the lower 
jaw preceding those of the upper. 

The following, according to C. S. Tomes, are the most usual times of 
eruption : 


Lower central incisors 
Upper incisors . . * . 

Lower lateral incisors and first molars 

Canines. 

Second molars. 


6 to 9 mont hs. 
8 to 10 months. 

15 to 21 months. 

16 to 20 months. 
20 to 24 months. 


(Calcification of the permanent teei h proceeds in the following order in the 
lower jaw' (in the upper jaw it takes place a little later): the first molar, soon 
after birth ; the central and lateral incisors, and the canine, about six months 
after birth ; the bicuspids, at the second year, or a httlc later; the second 
molar, about the end of the second year; the third molar, about the twelfth yeai’. 

The efui)tion of the permanent teeth takes place at the following periods, 
i he teeth of the lower jaw prtweding those of the uj)per by a slmrt interval : 


First molars . 

Tw’o central incisors 
Tw'o lateral incisors 
First bicus})ids 
Second bicuspids . 
(.lanines . 

Second molars 
‘ Wisdom ’ teeth . 


. . . 6th ycaf. 

. . . 7th year. 

. . . 8th year. 

9th year. 
. . . 10th year. 

11th to 12th year. 
12th to 13th year. 
17tl» to 25th year. 


Towards tJic sixth year, before the shedding of the temporary teeth begins, 
tliere are twcjity-foiir tcthli in each jaw, viz. the ten temporary teetli and the 
crow'iis of all t]»e permanent tcelli except tlie third molars. 

Applied Anatomy .—As a consc(|uonce of local irritalion or of chronic digestive 
disi urbances occurring during their cru}>tioh, both the teTU]>orary and the })eruianent teeth 
may show defccliv'c development or irregular transverse furrowing and erosions; this is 
]>arlicularly the case with the inctsors. (^uite disliiict from, and mueh less common than 
this, is a characteristic malformation of the two uj)per central permanent incisors seen in 
patients with inlicrited syphilis, and first described by llufefiinson. Hero there is a 
crescentic notch in the anterior surface and at the butting edge of the tooth, which is 
peg-shaped, stunted, and often also sot obliquely in the gnm, pointing either inwaids or 
outwards, hlumerous I'onns of innocent tumour arising from the teeth, or from their 
constituent layers, have been described under the general name of odontoma. Injection 
of the pulp of a tooth by bacteria gaining access Microto in consequence of deuiai caries 
gives rise to the common and very painful alveolar ahecexH; starting in the apical space 
between the root dt the tooth and its alveolar socket, the pus from such an abscess 
may make its way into the antrum, or buret through the hard palate or check. A 
more superficial abscess forming between the root of a tooth and the giun is knowm as a 
gum-boil. 


The Tongue 

The tongfue is the principal organ of the sense of taste, and is an important 
organ of speech ; it also assists in the mastication and doglutitioR of the 
food. It is situated in the floor of the mouth, within the curve of the body 
of the mandible. 

Its base, or root (radix linguaj), is directed backwards, and connected with 
the hyoid bone by the Hyo-glossi and Genio-hyo-glossi mu.scles and the 
hyo-glossal membrane; with the epiglottis by three folds (glosso-epiglottic) of 
mucous membrane ; with the soft palate by means of the anterior pUlars 
of the fauces ; and with the pharynx by the Superior constrictors and the 
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mucous membrane. Its apex (apex linguaj), thin and narrow, is directed 
forwards against the inner surfaces of the lower incisor teeth. Its under 
Sttr^ace (facies inferior) is connected with the mandible by the Genio-hyo-glossus 
muscles ; from its sides, the mucous membrane is reflected to the inner surface 
of the gums ; and from its under surface on to the floor of the mouth, where, 
in the middle line, it is elevated into a distinct vertical fold, the frenulum, 
linguae. To the outer side of the frenulum is a slight fold' of the mucous 
membrane, the plica fimbriata, the free edge of which exhibits a series of fringe¬ 
like processes. 

The tip of the tongue, part of tlie under surface, its sides, and dorsum are 
free. 

The dorsum of the tongue (dorsum linguae) (fig. 913) is convex, marked along 
the middle line by a furrow (sulcus medianus), wliich divides it into symmetrical 


Fig. 913.—sui’face of tho tongue. 
Pharynx Uvula 



Posterior pillar 
of faiurs 

Tonsil 

Kpigloftis 
—Anterior pillar 
of faitrrs 


Papithe 
' Vallato" 


—Panyiform papiUir 


halves; this furrow terminates behind, about an inch from tlie base of the 
organ, in a depression, the foramen caecum, from which a shallow groove, the 
sulcus terminalis, runs outwards and forwards on either side to the lateral 
margin of the tongue. The part of the dorsum of the tongue in front of this 
groove, forming about two-thirds of its surfacie, looks upw'ards, and is rough 
and covered with papilla!; the posterior third looks backwards, and is smoother, 
and contains numerous muciparous glands and lymphoid follicles. The 
foramen csecum is the remains of the upper part of the thyroglossal duct or 
diverticulum, from which the median rudiment of the thyroid glimd is 
developed ; the pyramidal lobe of the thyroid gland indicates the position of 
the lower part of the dtict. « 

The. paptllae of the tongue (papilla? lingu*) (fig. 914).—These are papillary 
projections of the coriura. They are thickly distributed over the anterior 
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• two-thirds of its upper surface, giving to it its characteristic roughness. 
The varieties of papillse met with are the papillse vallatas, papilla? fungifoimes, 
papillae filiformes, and papillae simpliees. 

The papilloB vallatoe are of large size, and vary from eight to twelve 
in number. They are situated on the dorsum of the tongue immediately in 
front of the foramen caecum and sulcus terminalis, forming a roAV on cither 
side ; the tu'O tows run backwards and inwards, and meet in the middle line, 
like the limbs of the letter V inverted. Each papilla consists of a projection 
of mucous membrane from .,V, to of an inch wide, attached to the bottom 
of a circular depression of the mucous membrane ; the papilla is shaped like? 
a truncated cone ; the smaller end being directed downwards and attached to 
the tongue, the broader part or base projecting a little above the surface of 
the tongue and being studded with numerous small secondary papilla? and 
covered by stratified squamous epithelium. The cup-shaped dt'pression 
forms a kind of fossa round the papilla, and the mucous membrane outside 
the fossa forms a circular elevation, named the wall (vallum). 

The papiUce fungiformps, more numerous than the preceding, arc found 
(ihicfly at the sides and apex, but are scattered irregularly and sparingly 
over the dorsum. They arc easily recognised, among the other papilla?, by 
their large size, rounded eminences, ai.d deep red colour. They are nan-ow 
at tluiir attachment to the tongue, but broad and rounded at their free 
extremities, and covered with secondary papilla*. 


Fto. fll4.—^Thc three kimls of papilla?. (Magnified.) 

Filiform 



Tlie papUlm filiformes cover the anterior two-thirds of the dorsum of the 
tongue. They arc? v(?ry minute, more or less conical or filiform in shape, and 
arranged in lines parallel with the two rows of the papilla? oircumvallata?; 
excepting at tlie apex of the organ, Avhere their direedion is transverse. Pro¬ 
jecting from their apices are numerous filiform processes, or secondary papilla? ; 
these are of a whitish tint, owing to the thickness and density of the epithelium 
of which they are comijosed, and which has here undergone a peculiar modifica¬ 
tion, the cells havmg become cornified and elongated int.o dense?, imbricated, 
brush-like processes. They contain also a number of clastic fibres, which 
render them firmer and more elastic, than the papilla? of mucous membrane 
generally. 

Simple papillce, similar to those of the skin, cover the whole of the mucous 
membrane of the tongue, as well as the larger papiUap. 1’hey consist of closely 
set microscopic elevations of the corium, containing a papillary loop, covered 
by a layer of epithelium, 

Straoture of the tongue.—^The tongue is partly invested by mucous membrane and a 
submucous fibrous layer. It consists of symmetrical halves, separated from each other 
in the middle line by a fibrous septum (septum linguae). Each half is compose of 
muscular fibres unarmed in^varions directions (page 4^), containing mudi interposed fat, 
and supplied by vessels and nerves. . 

The mneons membrane differs in different parts. That covering the under surf^ 
of the organ is tiiir, smooth, and identical in structure with that lining the rest of the 
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oral cavity. The muGooa membrane of the dorsum of the tongue behind the foramen 
usicum and sulcus torminalis is thick and freely movable over the subjacent pa^te. 
It contains a large number of lymphoid follicles, which together constitute what is 
sometimes termed the lingual tonsil (tonsilla lingualis). Each follicle fornis a rounded 
eminence, the centre of which is perforated by a minute orifice leading into a funnel- 
shaped cavity or recess ; around this recess are grou{)ed numerous oval or rounded nodules 
of lymphoid tissue, each enveloped by a capsule derived from the submucosa, while 
opening into the bottom of the recesses are also seen the ducts of mucous glands. The 
mucous membrane on the anterior part of the dorsum of the tongue is thin, intimately 
adherent to the muscular tissue, and presents numerous minute surface eminences, the 
jtapiUeB of the tongue. It consists of a layer of connective tissue, the corium or mucosa. 
covered with epithelium. 

The epithelium is of the scaly variety, like that of the epidermis, but is much thinner 
than that of the skin; the intervals between the large papillae are not filled up by it, but 
each papilla has a separate investment from root to summit. The deepest cells may 
sometimes be detached as a separate layer, corresponding to the rete mucosum, but they 
never contain colouring matter. 

The corium consists of a dense felt-work of fibrous connective tissue, with numerous 
elastic fibres, firmly connected with the fibrous tissue forming the septa between the 
muscular bundles of the tongue. It contains the ramifications of the numerous vessels 

and nerves from which the 
(lapillre are supplied, laige 
pdexuses of lymphatic vessels, 
and the glands of the tongue. 

Siruoture of the pajdlla’. 
(fig. 915).—The papillte appa¬ 
rently resem ble in structure t ho.se 
of the cutis, consisting of coue- 
aha|)cd juojections of connective 
tissue, (ioverod with a thick layer 
of s(]uamous epithelium, and 
(jontaining one or more capullary 
loops, among which nerves are 
distributed in great abundance. 
If the c])ithclium be removed, it 
will be found that they arc not 
simple elevations like the pmpilla' 
of the skin, for t he surface of 
each is studded w'ith minute 
conical jirocesscs which form 
seciondary papilla'. In the 
papilla; circumvallalrt', the nerves 
are numerous and of large size ; 
in the papilhe fungiforrncs they 
arc also niimciwis, and tenui- 
nate in a plexiform network, 
from which brush-like branches piwccd; in the papilla; tilifonncs. thek mode of 
termination is uncertain. 

Glands ol the t<mgHP .—The tongue is provided with mucous and serous glands. 

The mvcnm glands arc similar in stinctiire to the labial and buccal glands. Tliey are 
found especially at the back {)art behind the ckcumvallate paiiilla', but are also present 
at the apex and marginal ])arts. In this (jonneetion the glands of Blandin or Nuhn require 
special notice. They are situated on* the under surface of the apex of the tongue, one on 
either sidcof the frenulum, where they are covered by a fasciculus of muscular fibres derived 
from the Stylo-glossus and Inferior lingualis. They are from half an inch to nearly an 
inch long, and about the third of an inch broad, and each opens by three or four ducts on 
the under surface of the apex (fig. 919). 

The serous glands occur only at the back of the tongue in the neighbourhood of the 
taste-buds, thek ducts opening for the most part into the fossa; of the oircuravallate 
pa)>illa;. These glands are racemose, the duct branching into several minute ducts, whioh 
termiimlo in alveoli, lined by a single layer of more or less columnar epithelium. Thek 
setsretion is of a watery nature, and probably assists in the distribution of the substance to 
be tasted over the taste area. (Ebner.) 

The fibrous septum consists of a vertical layer of fibrous tissue, extending throughout 
the entire length of the'middlo line of the tongue, from the base to the apex, though not 
quite reaching the dorsum. It is thicker behind than in front, and occasionally contains 
a small fibro-cartilage, about a quarter of an inch in length. It is well displayed by making 
a vertioal section across the organ. 

The hyoglossal membrane is a strong fibrous lamina, whioh connects the under 
surface of the base of the tongue to the body of the hyoid bone. This membrane receives, 
in front, some of the fibres of the Genio-hyo-glossus muscles. 




Ek;. 91.5.—Section of ))apilla foliata of a rabbit. 
(Magnified.) 
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Unsclea,—^Tbe muscular fibres of the tongue run in v&rious directions. These fibres 
are divided into two sots, extrinsic and intrinsic, which have already lieen described 
(pages 479 to 482). 

VesselB and Kerves.— ^The main artery of the' tongue is the lingual branch of the 
external carotid, but the facial and ascending pharyngeal also give branches to it. Tlie 
vetns open into the internal jugular. 

The lymphalics of the tongue have been described on page 770 

The nerves of the tongue arc: (1) the lingual branch of the third division of the fifth, 
which is distributed to the papillae at the fore-part and sides of the tongue, and forms the 
nerve of ordinary sensibility for its anterior two-thirds ; (2) the chorda tympani brancli of 
the facial nerv'e, which runs in the sheath of the lingual, and is generally regarded ns the 
nerve of taste for the anterior two-thiitls ; this nerve is a continuation of the sensory root 
of the facial (imrs intermedia of Wrisberg); (3) the lingual branch of the glosso-pharyngeal. 
which is distributed to the mucous membrane at the base and sides of the tongue, and to 
the impillse vallatse, and which supplies both sensory and gustatory filaments to this 
region; (4) the hyjmglossal nerve, which is t he motor nerve to the muscular substance 
of the tongue; (6) the superior laryngeal, which sends some fine branches to the root near 
the epiglottis. 

Fiu. 916.—Under surface of tongue, showing position and relations of glands of 
Blandin or Nuhn. (From a i>roparation in the Museum of the Royal College 
of Surgeons of England,) 



Applied Anatomy .—The diseases to which the tongue is liable arc numerous, and 
any or .all of the structure of which it is com|M)scd—muscles, connective tissue, mucous 
membrane, glands, vessels, nerves, and lymphatics—may be the scat of morbid changes. 
It is not often the seat, of congenital'defects, though a few cases of vertical cleft have been 
recorded, and it is occasionally, though much more rarely than is commonly supposed, 
the seat of ‘ tongue tic,’ from shortness of tlie frenulum. 

There is one condition which may be regarded as congenital, the so-called macroglossia, 
though sometimes it does not evidenee itself until a year or two after birth. This is an 
enlargement of the tongue which is due primarily to a dilatation of the lymph-channels 
and a greatly increased development of the lymphatic tissue throughout tlie organ. This 
is often aggravated by inflammatory changes induced by injury or exposure, and the 
ton^e may assume enormous dimensions and hang out of the mouth, giving Uie child 
an imbecile expression. The treatment consists in excising a V-shap^ portion and 
bringing the cut surfaces together witli deeply placed sutures. 

Acute inflammation of the tongue, which may be caused by injury and the introduction 
of some septic or irritating matter, is attended by great swelling from infiltration of 
its ooimoctive tissue, which is in considet-able quantity. This renders the patient 
incapable of swallowing or speaking, and may seriously impede respiration. It may rUn 
on to suppuration, and the formation of an acute abscess. 
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In all ages the mucous membrane of the tongue has received much sedulous considera¬ 
tion in disease, and it is certain that the amount and the distribution of the ‘ fur ’ with 
which it may be covered often give valuable help in diagnosis. The fur consists of pro¬ 
liferating or desquamated epithelium, bound up with inspissated mucus, the debris of food, 
and bacteria of all sorts. The mucous membrane of the tongue may become chronically 
inflamed, and presents different appearances in the various stages of the disease, to which 
the terms leucoplakia and psoriasis linguae have been given. They aie usually the result 
of syphilis. 

The tongue, being very vjiscular, is often the seat of naevoid growths, and these have 
a tendency to increase rajndly. 

The toiipie is frequently the seat of uhieration, which may arise from many causes, 
as Irom the initation of jagged teeth, <lyspep8ia, tuberculosis, syphilis, and cancer. Of these 
the cancerous ulcer is the most important and also the most common. The variety is the 
squamous epithelioma, which soon devolof>s into an ulcer with an indurated edge. It 
causes great jmin, which sjieedily extends to all parts supplied w'ith sensation by tlie 
fifth nerve, especially to the region of the oar (auricnlo-tcm])oral brancli). 

Cancer of the tongue may necessitate removal of a j)arf or the whole of the organ, 
and many different methods have been adopted for its excision. It may be removed 
from the mouib by t))e cernseur or the scissors. Probably the better method is by the 
scissors, usually known as Whitehead’s method. Tlie mouth is widely opened with a gag, 
the tongue transfixed with a stout silk ligature, by which to Jiold and make traction on 
it; the reflection of mucous membrane from the tongue to the jaw, and the insertion 
of the Genio-hyo-glossus are first divided with a pair of curved, blunt-pointed scissors. The 
Palato-glossuB is also' divided. The tongue can now l)e pulksd well out of the mouth. 
The base of the tongue is cut through by a series of short snips, each bleeding vessel 
being dealt with as soon as divided, until the situation of Ibc main artery is reacheti. 
The remaining undivided i>ortion of tissue is to be seized wifli a })aii' of Wells’ 
forceps, the tongue removed, and the vessel secured. In the event of the artery being 
ace-identeJly injured, haemorrhage can be at once eonlrolled by passing the forefinger over 
the tongue till it touches the epiglottis, and then turaing it towards tlie side on which the 
artery is to he compivssed, and ]nishing it forcibly against the jaw (Heath). In cases 
where the disease is confined to one side of the tongue, this o]K?ration may be modified 
by splitting flic tongue down the centre and removing only the affected half. 

In cases w'here the sulimaxillary lymphatic glands are invoh'cd, Kocher's operation 
should be resorted to. Having performed a preliminary ti'aeheofomy.Kocher removes the 
tongue from the neck by an incision fiom lujar tl]e)ol)uleuf the ear. down the anterior boi-der 
of the iSlerno-mastoid to the level of the great cornu of the hyoid bone, then forwards to 
(be body of the hyoid bone, and upwards to near the symphysis of the jaw. The lingual 
artery is now secured, and by a careful dissection the submaxillary lymj)liatic glands and 
tlic tongue are removerl. If the lymphatic glands in the submaxillaiy region are in any 
way affected, an extensive dissection of these will be required if there is any chance of 
eradicating the disease, and for this purjmse it will be found necessary to remove (he 
submaxillary salivary gland. 

The more reoent operations aim at, first, clearing the neck thoroughly of alfectcd glands, 
both in the submaxillary region and along the carotid sheiith, and secondly removal of 
the tongue from within the mouth, leaving if possible the mucous membrane of the floor 
of the mouth intact, so as to avoid soiling the large wound in the neck by the discharges 
from the mouth. 


The Sauvary Glands (fig. 917) 

The principal salivary glands communicating with the mouth, and pouring 
thoir secretion into its cavity, are the parotid, submaxillary, and sublingual. 

Parotid g^land.—^1’he parotid gland (gl. parotis) is the largest of the thiee 
salivary glands, varying in weight from half an ounce to an ounce. Jt Jit a . 
upon the side of the face, immediately below and in front of tlie external ear. 
The main portion of the gland is superficial, somew'hat flattened and quadri¬ 
lateral in form, and is.plaued between the ramus of the mandible in front and 
the mastoid process and Sterno-mastoid muscle behind, overlapping, however, 
both boundaries. Above, it is limited by the zygoma ; b^Iow. it extends to 
about the level of a joining the tip of the mastoid process to the angle 
of the jaw. The remainder of the gland is wedge-shaped, and extends deeply 
inwards towards the pharyngeal wall. 

The gland is enclosed within a capsule continuous with the deep cervical 
fascia; the layer covering the outer surface is dense and closely adherent to 
the gland; a portion of the fascia, attached to the styloid process and the 
angle of the mandible, is thickened to form the §i y l t >'. » a ncub» la r l i gamo at 
which intervenes between the parotid and submaxillary glands. 
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muscles, wliile the outer lip extends for some distance over the superficial surface 
of the Masscter ; a small portion of this lip immediately below the zygoma is 
usually detached, and is named the socia fa rotidis. o < . ; _ - 

The outer or superficial surface, slighffyldBufafed, is covered by the integu¬ 
ment, the superficial i^cia containing tlie facial branches of the great auricular 
nerve and some small lymphatic glands, and the fascia which forms the capsule 
of tlie gland. 

The inner or deep surface extends inwards by means of two processes, one 
of which lies on the styloid process and the styloid group of muscles and 
projects under the mastoid process and Sterno-mastoid muscle ; the other is 
situated in front of the styloid process, and passes into th(' jjosterior part of 
the glenoid fossa behind the temporo-mandibular joint. The deep surface is 
in contact M’itli the internal and external carotid arteries, the internal jugular 
vein, and the vagus and glosso-])haryngeal nerves. 


Fig. 917.—The salivary glands. 



The anterior harder lies on tlie superficial surface of the Masseter; the 
'posterior abuts on tlie external auditory meatus and the mastoid process, and 
overlaps the anterior edge of the Sterno-mastoid. The mperim border is in 
contact with the zygomatic arch, and the inferior overlaps the posterior belly 
of the Digastric. The inrter border, at the junction of the anterior and inner 
surfaces, is separated from the pharyngeal wall bv some loose connective 
tissue. 

SirJl^re^ w ithin the. gland .—^The external carotid artery lies at first on the 
dee]> sulrface, ahia *th(Sfi in the substance of the gland. The artery gives off 
its posterior auricular branch wdiich emerges from the gland behind; it then 
divides into its terminal branches, the internal maxillary and superficial 
temporal ; the former runs inwards behind the neck of the mandible; the 
latter runs upwards across the zygoma and gives off its transverse facial 
branch which emerges from the front of the gland. Superficial to. file 
■g'rt eiieB ara. .. t] 3 l^i^naporal and internal ,maxilla;ry,.yein8, uniting to form the 
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^em^ro^axillary "vein ; in the lower part of the gland this vein splits into 
anterior anc^josterior (Uyisio^. The apterior division emerges from tlie gland 
to join tlie^mcial vein ;^"{ne'''iw8tcrlbr*uniVe8 in the gland with the posterior 
auricular to form the external jugular vein. Oii.a.stiIL.jnore_ BUT)erfi cial plane 
is th e facial tip.rvp.^ the branches of which emerge at the upper and anterior 
b()rders "of the gland. Branches of the great auricular nerve pierce th(! gland 
to join the facial, while the auricuilo-tcrnporal branch of the inferior maxillary 
nerve issues from the upper part of the gland. 

The duct of the parotid ^land, or Stenson’s duct (ductus parotideus), 
is about two inchcs.apd » half in le ngth . It commences by numerous branches 
from the anterior part of the ghand, crosses the Masseter muscle, and at its 
anterior bolder turns inwards nearly at a right angle and passes into the 
substance of tlio Buccinator muscle, which it jrierces ; it then runs for a short 
disl ance obliquely foi vvards between the Buccinator and mucous membrane of 
the mouth, and ojiens upon the inner surface of the cheek by a small orifice, 
opposite the se<!ond molar tooth of the ufifier jaw. WhUe crossing the Masstiler 
it receives the duct of mcm paxoiidid ; in this position it has the transvi'rse 
facial arlery above it and some branches of the facial nerve b<lovv it. 


• Structure.—Tiie parotid duct is dense, its wall being of considerable tliickness ; its 
canal is about the size of a crow-quill, but at its orifice on the inner aspect of the cheek its 
lumen is greatly reduced in size. It a thk'k cxtqrtmj. fibrous COftt which contains 

contractile fibres, and of an internal or mucous coat Imed willi short columnar eiiitliclium. 

Surface Form .—Tlic direction of tbe duct corivsjjonds to a line drawn across the face 
alxiut a finger’s breadth below the zygoma—that is, from the lower margin of the concha 
to midway between tbe rod margin of the upper lip and the aJa of the nose. 

Vessels and Nerves.—^I’he arteries siipjilying the jiarotid ghind are derived from the 
external carotid, and from th^iranches given off by that vessel in or near its substance. 
The, veioft empty themselves into the external jugular, tlirough some of its tributaries. The 
lynifhaiics terminate in tlie superlieial and deep cervical glands, passing in their couise 
through two or three lymphatic glands, placed on the sru'face and in the snbstancse of the 
parotid. arc derived from the plexus of the sympathetic on the external carotid 

artery, the facial, the auriculo-teniporal, and the great auricular nerves. It is probable that 
the branch from the aunciiio-iem{Kn’al nerve is derived from the glosso-pharyngea.! tlmrugh 
the otic ganglion. At all events, in some of the lower animals this has been proved 
experimentally to be the case. 


Submaxillary gland. —The submaxillary gland (gl. submaxillaris) is 
irregular in form and about the size of a walnut. A considerable part of it is 
situated in the submaxillary triangle, reaehirig forwards to the anterior belly 
of the Digastric and backwards to the stylo-hyoid ligament,-which intervenes 
between it and the parotid gland. Above, it extends undtir (lover of tlic body 
of the mandible ; below', it usually overlaps the intermediate tendon of the 
Digastric and the insertion of the Stylo hyoid, while from its deep surface a 
tongue-like rfeep process extends forwards and inwards above tlie Mylo-byoid 
muscle. 

Its superficial surface consists of an upper and a lower part. The upper 
part is directed outwards, and lies against the subinaxillary fossa on tlie inner 
surface of the body of the mandible. Tiie lower part is directed downwards 
and outwards, and is covered by the skin, superlieial faspia, Platysina, and 
dciqi cervical fascia ; it.is cimsed by the facial vein and by hiameuts of the 
facial nerve ; in contact Avith it. near the mandible, are the submaxillary 
lymphatic glands. 

The deep surface is in relation w ith the Mylo-hyoid, Hyo-glossus, Stylo¬ 
glossus, Stylo-hyoid, and posterior belly of the Digastric ; in contact with it 
are the rnylo-hyoid nerve and the mylo-liybid and submental vessels. 

The facial artery is imbedded in a groove in tlic posterior border of the 
gland. 

The deep process of the gland extends forwards and inwards between the 
Mylo-hyoid below and externally, and the Hyo-glossus and Stylo-glossus 
internally; above it. is the lingual nerve • below it, the hypoglossal nerve 
and the ranine vein. ^ ^ 

The duct of the’ submaxillary gland, or Wharton’s duct (ductus 
submaxillaris) is about two inches in length, and its wall is much thinner 
than that of the parotid duct. It begins by numerous branches from the 
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deep surface of the gland, and runs forwards and inward^ between the Mylo¬ 
hyoid and the Hyo-glossus and Genio-hyo-glossus muscles, then between tlie 
sublingual gland and the Genio-hyo-glossus, and opens by a naiTow orifice on 
the summit of a small papilla, at the side of the frenulum linguae. On the 
Hyo-glossus muscle it lies between the lingual and hypoglossal nerves, but at 
the anterior border of the muscle it is crossed by tlie lingual nerve. 

VesBela and Nerves. —Tha artericft supplying the subniaxillary gland are branches of the 
facial and lingual. ItS-jae/lt* follow the course of the arteries. The netKfiS are derived 
from the Bubmaxillary ganglion, ihrouglt whieli it receives liJaments from the dlQcda 
tympani of the facial and lingual branch of the inferior maxillary, Bometimes fimn the 
niylo-hyoid branch of the inferior dental, imd from the sympathetic. 

Subling^ual g'land. —The sublingual gland (gl. sublingualis) is the smallest 
of the salivary glands. It is situated beneath the mucous iiiombrane of the 
floor of the mouth, a t the side of tiie frenulum linguaa, in .QQutact with the 
inner surface of the lou'cr jaw, cslose to the sym|)hy8is. It is narrow, 
flattened, shaped somewhat like an almond, and weighs about a draehm. It 
is ill Pfilation, above, vtiUi the mueous membrane ; below, with the Mylo-hyoid 
muscle ; in front, with the mandible, and its fellow of tlie opposite side ; 
behind, with the deei> part of the submaxillary gland ; and mternally. witli 
tlie Genio-hyo-glossus, from which it is separated by the lingual nerve and 
VV^harton’s duct. Its excretory ducts (ducU of Eivinus) are from eight to 
twenty in number ; sonic join Wharton’s (luei ; others open separately into 
the month, on the elevated crest of mucous membrane ('plica snblinguaUs), 
caused by the projection of the gland, on either side of tlie frenulum linguae. 
One or more join to form a tube, which opens into the Whartonian duct : tliis 
is called the duct of Bartholin. * 

Vessels and Nerves. —Tlie sutilingiml gland is snjiplied with blood from the sub¬ 
lingual and submental oilerics. Its nerves are derived from the lingual, the chorda 
tympani, and the sympathetic. 

Structure of the salivary glands.—The salivary glands are cgpipound rimemose glands, 
consisting of numerous.lobes, which are raa.de up of smaller lobules, cotmected together by 
(l&iiafi_iU.'CQlai' tissue, vessels, and. ducts. Each lobule consists of the ramiheatious of a 
siiiglo duct, the, branc hes terminating in dilated cuds or alveoli on which the capillaries 
aj^u-jlbiirihuted. TTj.c alvcoli.aro enclosed by a baBemeut-membrane, which is continuous 
with the jpembrana propria of the duet. It presents a peculiar reticulated structure, 
and consists of a network of branched and llatlened nucleated cells. 

The alveoli of the salivary glands arc of Jjwa kinds, which differ in the appianince 
of tlieir secreting pfills, in their size, and in the nature of their secretion. (1) The mucous 

Fig. 018.—A highly magnified section of the subinaxillary gland of the dog, 
stained with carmine. (Kolliker.) 



variety secretes a viscid fluid, which.contains mucin; (2) the serous variety secretes 
a thitmer and more watery fluid. The sublingual gland consists of mucous, the parotid 
of serous alveoli. The submaxillary contains both mucous and serous alveoli, the latter, 
however, prejwnderating. , 

The rugla ifl thft Mrff?'° filveoli are spheroidal in shape, j^assy and transparent. The 
nucleus is usually situated riftar tliA and jy$..flattened. _ The cells 

contain a, gnontaty of mucinogen, to which their clear, transparent appearance is due. 
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In some alveoli are seen peculiar crescentic bodies, lying between the cells and the 
membrnna propria. They are termed the r.rpitr.mit\ or the demihmes of 

Heidcnhuin (fig. 918), and are comjjosed ot polyhedral granular cells, which Heideuhain 
regards as young epithelial cells destined to supply the place of those salivary cells which 
have undergone disintegration. This view, however, is not accepted by Klein. 

In^c sergps alyeoli the. cells almost, comf^tclyjill til? cavjty,, 8 a.tbj 0 i.t. there ia hardly 
anj' lumen perceptible; they contain granules imbedded in a closely reticulated protoplasm 
(fig. 919). 

Tlfi? are Ijped at their origins by epithelium which differs little from the 

imvoment type. As the ducts enlarge, the epithelial cells change to the columnar type, 
and the part of the cell next the btisemcnt-membrane is finely striated. The lobules of the 
salivary glands are richly sujipliod with blood-vessels which form a dense network in the 
inter-alveolar spaces. Fine plexuses ot nerves are also found in the interlobular tissue. 
The nerve-fibrils pierce the basement-membrane of the alveoli, and end in branched varicose 
filaments between the secreting cells. In the hilus of the submaxillory gland there is a 
collection of nerve-cells termed Langley s ganglion. 

MueouJi glamh .—Besides the salivary glands juoper, numerous other glands are found 
in the mouth. Many of these glands are found at the posterior port of the dorsum of the 
tongue, behind the circumvallate payulla', and also along its margins as far forwards as the 


Fiu. 919.—Section of a serous salivary gland. 



apex. Others he around and in the tonsil bet.ween il.s crypts, and large numbers arc 
present in the soft palate, the lips and cheeks. These glands are of the same structure as 
the larger salivary glands, and are of the mucous or mixed type. 

Surface Form .—^ITie orilice of the mouth is Imunded by the lips, two thick, fleshy 
folds covered externally by integument and internally by mucous membrane, and con¬ 
sisting of muscles, vessels, nerves, areolar tLssue, and numerous small glands. The size 
of the orifice of the mouth varies considerably in different individuals, but seems to bear 
a close relation to the size and prominence of the teeth. Its cr>rnor8 usually correspond 
to the outer border of the canine feeth. In the Mongolian tribes, where the front 
teeth are large and inchned forward, the mouth is large; and this, combined with the 
thick and everted lips, which appear to be associated with prominent teeth, gives to 
the Negro’s face much of the iMJCuliarity by which it is characterised. The smaller teeth, 
and the slighter prominence of the alveolar arch of the more highly civilised races, 
render the orifice of the mouth much smaller, and thus a small mouth is an indication of 
intelligence, and is regarded as an evidence of the higher civilisation of the individual. 

Upon looking into the mouth, the first thing to be noted is the tongue, the upper 
surface of which will be seen occupying the floor of the cavity. Tliis surface is convex, 
and ia marked along the middle lino by a raphe, which divid^i it into two symmetrical 
portions. The anterior two-thirds are rough and studded with papillae; the posterior 
third, smooth and tuberculated, is covered by numerous glands which project .from 
the .surface. Upon raising the tongue, the mucous membrane which invests its upper 
surface may be traced over its sides on to its under surface, from which it is reflected over 
the floor of the mouth on to the inner surface of the mandible, a part of which it covers. 
As it passes over the borders of the tongue it changes its character, becoming thin and 
smooth, and losing the papillae winch are to be seen on the uppm' surface. In the middle 
line the mucous membrane on the under surface of the tip of the tongue forms a distinct 
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fold, the frenulum linguce, by which this organ is connected to the symphysis menti. 
OccasionalJy it is found that this frenulum is ratlier shorter than natural, and, acting as 
a bridle, prevents the complete protrusion of the tongue. ^Vhen tliis condiUon exists and 
an attempt is made to protrude the organ, the tip will be seen to remain buried in the 
floor of the mouth, and the dorsum of the tongue is rendered very convex, and more or 
less extruded from the mouth ; at the same time a deep furrow will be noticed to api>ear in 
the middle line of the anterior part of the dorsum. Sometimes, a little external to the 
frenulum, the ranine vein may be seen immtxliately beneath the mucous membrane. The 
corresponding artery, being more deeply placed, does not csome into view, nor can its 
pulsation be felt with the Anger. On either side of the frenulum, in the floor of t he mouth, 
is a longitudinal elevation or ridge, ynoduced by the projection of the sublingual gland, 
which lies immediately beneath the mucous membrane. Close to the attachment of the 
frenulum to the tip of the tongue may be seen on either side the slit-like orifice of 
Wharton's duct, into which a line probe may be passexl without much difticulty. In the 
middle line, both of the ujijier and lower lip, small folds of mucous membrane ]iass 
from the hj) to the bone, constituting the Jrenula ; these are not so large us the frenulum 
linguiv. By pulling outwards the angle of the mouth the mucous membrane lining the 
cheeks can be seen, and on it may be perceived a little papilla which marks the position of 
the orifice of Stenson’s duct—^the duct of the parotid gland. The exact position of the 
orifice of the duct is opposite the second molar tooth of the upper jaw'. The intro¬ 
duction of a probe into this duct is attended with considerable difficulty. 

At the back of the mouth is seen the isthmus of ftie faures, or, as it is popularly called, 
‘ the throat ’: this is the s}>ace between thf pillars of the fauces on either side, and is 
the means by which the mouth communicates with the ^Jiarynx. Al)Ove, it is bounded 
by the soft ))alate, the anterior surface of which is concave and covered with mucous 
membrane which is continuous with that lining the roof of the mouth. Projecting 
downuards from the middle of its lower border is a conical jirojection, the -umta. On 
cither side of the isthmus of the fauces are the anterior and posterior pillars, formed by 
the Palato-glossus and Palato-jiharyngeus muscles res|>ectively, covered bj mucous 
membrane. Between the two jiillais on cither side is situated the tonsil. 

WTien the mouth is wide ojicn a prominent tense fold of mucous membrane may be 
seen and felt extending upwards and liackwards from the position of the fang of the last 
molar tooth to the jiostcrior part of the hard ]>alalc. 'ITiis is caused by the pterygo¬ 
mandibular ligament which is attached by one extremity to the apex of the internal 
jitcrygoid plate, and bj’ the other to the posterior extremity of the mylo-hyoid ridge of 
the lower jaw. It intervenes between the Buccinator and the iSuiierior constrictor of the 
pharynx. The fang of the last molar tooth indicates the position of the lingual (gustatory) 
nerve, where it is easily accessible, and can with readiness be divided in cases of cancer of the 
tongue (sec page 1)20). On the inner side of the last molar tooth one can feel the hamular 
process of the internal pterygoid plate of the sphenoid bone, around W'hich the tendon of 
the Tensor palati jilays. About one-third of an inch in front of the hamular iirocess and 
the same distance directly inwards from the lost nioliu’ tooth is the situation ol the 
ojiening of the posterior jialatiiie canal, through which emerges the posterior or descending 
palatine branch of the internal maxillary artery, and one of the descending palatine 
nerves from Meckel's ganglion. The exact jiosition of the o])cning on the subject may be 
ascei'taincd by driving a needle through the tissues of the jialate in this situation, when 
it will be at once felt to enter the canal. 'Flic artery emerging from tlie opening runs 
forwaids in a groove in the Ixme. just internal to the alveolar bolder of the hard jialate, 
and may be w'oundcd in the ojieration for the cure of elcft palate. Under these cheum- 
stances the palatine canal may require plugging. By introducing the finger into the 
month the anterior border of the coionoid jiiocess of the jaw can be felt, and is csjiecially 
prominent when the jaw is dislocated. By throwing the head well back a considerable 
jiortion of the posterior wall of the pharynx may bfi seen through the isthmus faucium, 
and on introducing the finger the anterior surface of the bodies of the upper cervical 
vertebra? may be felt^ramediatcly beneath the thin muscular stratum forming the wall of 
the pharynx. The finger can be hooked round the posterior border of the soft palate, and, 
by turning it forwards, the posterior nares, separated by the septum, can be felt, or the 
presence of any adenoid or other growths in the naso-pharynx ascertained. 

A p/died AnaUmy —^'riie parotirl glands, and much less often the other salivary glands, 
arc liable to an acute infectious inflammation, known in the case of the parotid as mumps. 
The affected glands swell up, becoming tense, tender, and painful; much pain is felt when 
swallowing or mastication is attempted, and salivation may or may not occur. The 
inflammation goes down after a few days; supjiuration in the affected glands is very rare. 

The Pharynx 

Tlte-^pharynx. is that part of the alimentary canal ^hicli is placed behind 
the nose, jnouth, and.larynx. It is a musculo-membranous tube, somewhat 
conical in fo rm, with the base upwards, aridlh^a^^x' do'wh'waTds, extending 



]114 


SPLANCHNOLOGY 


from the under surface of the skull to the level of the cricoid cartilage in front, 
and that of the sixth cervical vertebra behind. 

T he ca vity of the p haryj^x (cavum pharyngis) is about fiye mohes in length, 
and broader in the transverse than in the antero-posterior diameter. Its 
greatest breadth is immediately below the base of the skull, where it projects 
on either side, behind the orifice of the Eustachian tube, as a recess termed 
tlie pf ; its narrowest point is at its termination in the 

(jcsophagus. It above, by the body of the sphenoid and basilar 

process of the occipital boric : it is continuous with the oesophagus ; 

nosterior lu. it is connected by loose aieolar tissue with the cervical portion of 
the veflebral (iolumn, and tlii! Longus colli and Rectus capitis anticus muscles ; 
aaieuorly, it is incomplete, and is attached in succession to the internal 
pterygoid plate, pterygo-mandibular ligament, mandible, tongue, hyoid bone, 
and thyroid and cricoid cartilages ; lalerally, it is connected to the styloid 
pi'occssos and their muscles, and is in contact with the common and internal 
carotid arteries, the internal jugular veins, and the glosso-pharyngeal, pneu- 
mogastric, hypoglossal, and sympathetic nerves, and above with a small part 
of the Internal pterygoid muscles. communicate with it, 

viz. the two posterior nares, tlie tw'o Eustachian tubes, the mouth, the larynx, 
and the oesophagus. The cavity of tlie pharynx may be subdivided from 
above dowmw'ards into three parts : iiij,.§al^.Qral, and laryngeal (fig. 899). 

The nnfinl jrtttrf or naso-pliarynx (pars nasaUs), lies behind the nose and 
above the level of the soft palate ; it differs from the two lower parts of the 
tube in that its cavity always remains patent. In front it communicates 
through the choan.-e with the nasal fossae. On its lateral w’all is the 'pharyngeal 
orifice of the Eustachian t-uhe (ostium pharyngeum tubaj), somew'bat triangular 
in shape, and bounded bciiind by a firm prominence, the cushion (torus 
tubarius), caused by the inner extremity of the cartilage of the tube w'hich 
elevates the mucous membrane. A vertical fold of mucous membrane, the 
plica salpingopharyngfM, stretches from the lower part of the cushion; 
it contains the Salpingo-pharyngeus muscle. A second and smaller fold, 
the plica salpingopalatiiui, stretclies from the upper part of the cushion 
to the jialate. Behind the orifice of the Eustachian tube is a deep recess, 
the fossa of Roscnmuller (rcecssus pharyngeus), w'hich represents the remains 
of tlie upper part of the second visceral cleft. On the posterior wall is 
a prominence, best marked in childhood, produced by a mass of lymphoid 
tissue, which is known as the phary ^eal torml (tonsilla pharyngea). Above 
the pharyngeal tonsil, in the raidtHfe line,"¥ft'lrreguiar fiask-shaped depression 
of the mucous membrane is sometimes seen extending up as far as the basilar 
process of the occipital bone. It is know'n as the bursa pharyngea, and was 
regarded by Luschka as the remains of the diverticulum which is concerned 

in the development of the an¬ 
terior lobe of the pituitary 
body. Some anatomists believe 
it to be connected with the 
formation of the iiharyngeal 
tonsil. 

The oral part (pars oralis) 
roaches from the soft palate to 
the level of the hyoid bone. 
It ojiens anteriorly, through 
the isthmus faucium, into the 
mouth, while in its lateral w'all, 
between the tw’o pillars of the 
fauces, is the tonsu. 

The tonsils (tonsilla* jiala- 
tinsc) are two prominent bodies 
situated one on either side 
betw'cen the anterior and pos¬ 
terior pillars of the fauces. 
They are of a rounded form, and vary considerably in size in different 
individuals. A recess, the/c»«jsa suwatonsUlaris, may be seen, directed upwards 
and backw'ards, above the tonsil. His regards this as the remains of the low’er 


I'ro. 920.—Section of tonsil. 




1115 


THE PHARYNX 

« 

part of the second visceral cleft. It is covered by a fold of mucous membrane 
termed the flica triangularis. Externally tbp tonsil is in rela tion \vith the inner 
surface of the Suptjrior constrictor’i to the outer side of which are the ascending 
palatine and tonsillar arteries and tlie Internal pterygoid muscle. The 
internal carotid artery lies behind and to the outer side of the tonsil, and 
nearly an inch (twenty to twenty-five millimetres) distant from it. TJie outer 
surface of the tonsil corresponds in position to the angle of the mandible. Its 
inner surface presents from twelve to fifteen orifices, leading into small crypts 
or recesses, from which numerous follicles branch out into the substance of 
the gland (fig. 920). These follicles art^ lined by a ciontinuation of the mucous 
membrane of tlie pliarynx, coveu-ed witli ey»itheiium ; around (mch follicle is a 
layer of closed (iapsules consisting of adenoid tissue imbedded in the sub¬ 
mucous tissue. Surrounding each follichs is a close plexus of lymj)halics, from 
which the lymphatic vessels pass to the deep cervical glands in the ncighbour- 
liood of the grtiater cornu of the hyoid bone, behind and below the anghf of the 
mandible ; these glands fre<piently beciome enlarged in affections of the tonsils. 

The tonsils form part of a circular band of adenoid tissue wliicli guards 
the opening into the digestive and respiratory tubes. The anterior part of 
the ring is formed by the submucous adenoid collccitions on the posterior |)art 
of the tongue ; the lateral portions consist of the tonsils and the adenoid 
coll(!ctions in the vicinity of the Eustachian tubes, while the ring is completed 
behind by the pliaryngenl tonsil on the p<jst(irior wall of the pharynx. In the 
intervals betw'cen th(:S(! main masses are smaller collections of adenoid tissue. 

VeBselB and NerveB. - The arierica supplying the tonsil are the dorsalis lingufc from the 
lingual, the ascending palatine and tonsillar from the fa<!iat,lhe ascending pharyngeal from 
the external carotid, the descending palatine braiich of the internal maxillkry, and a 
twig from the small meningeal. 

^^le veins terminate in the tonsillar jilexus, on the outer side of the tonsil. 

The nerves are derived from Meckel’s ganglion, and from the glosso-pharyngeal. 

Applied Amtlomy.- -The tonsils can be easily inspected by instructing the patient to 
throw the head back and open his mouth widely; the tongue at the same time being 
dejiressed by a spatula or toiigae-doj)re.ssor. The normal tonsil should not project beyond 
the plane of the anterior pillai’ of the lauees. 'I’liey are piono to become enlarged, 
esjiecially in tuberculous children ; and when much increased in size tliey cause great 
trouble, owing to obstruction to respiration and deglutition. The tonsils may be the 
seal of acute inflammation, which may run on to suppuration. re<juiring evacuation of the 
pus. The incision into the tonsil sliould always be made from in front backwards and 
inwards. Another form of acute intlamination of the tonsil is follicular tonsillitis, due to 
the lodgment of micro-organisms in the crypts of the tonsil. 'Hie removal of an enlarged 
tonsil is, as a rule, a very simple operation, and is not. usually attended with muf:h haemor¬ 
rhage, unless the patient, is suffering fiOjii htemophilia. The tonsil maj' be the seat of 
malignant grow Ui, either an epithelioma or a lymphosarcoma. 

Tb(? laryvgeal part of the jiluirynx (pars laryngoa) reaolu!.s from the hyoid 
bone to the lower border of the (ivieoid cartilage, wluini it is continuous with 
the cesofthagus. In front it prescmls the triangular apertur(5 of the larynx, 
the base of wliieh is directed forwards and is formed by tJie ejuglottis, while 
its lateral boundaries are eon.stitutcd by tji(! arytcno-epiglott ic folds. On 
either side of the laryngeal orifice is a ree<'ss, termed the sinus pyri/ornils ; 
it is bounded irrternallj* by the arytono-epiglottio fold, externally by tlie 
thyroid cartilage and thyro-liyoid membrane. 

Structure.—^The pharynx is composed of thi-ce coats: mucous, fibrous, and muscular. 

Tlie pharyngeal ajsmeurosia, or jibrovsc(Mft,ififiitniitv*l between the mucous and muscular 
layers. It is thick above where the muscular fibres are wanting, and is lirinly con¬ 
nected to the basilar jiroccss of the occipital and petrous |K)rtions of the temporal bones. 
As it descends it diminishes in thickness, and is gradually lost. It is strengthened 
posteriorly by a strong librous band, which is attached above to the pharyngeal sjune on 
the under surface of the basilar portion of the occipital bone, and passes downwards, forming 
a rbedian raphe, which gives attachment to the Constrictor muscles of the pharynx. 

The mucous coat is continuous with that lining the Kustachian tubes, the nasal fossaa, the 
mouth, and the larynx. In the naso-pharynx it is covered by columnar ciliated epitliolium ; 
in the buccal and laryngeal portions the epithelium is stratified. Beneath the mucous 
membrane are found racemose mucous glands; they ore especially numerous at the upper 
part of the pharynx around the orifices of the Eustachian tubes. 

The muscular coat has been already described (pages 482 to 484). 
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Applied. j4nato»tjy.-7-Hypertropliy of the lymphatic tissue in the naso-pharynx, com¬ 
monly known as ‘ adenoids,’ is a frequent cause of mouth-breathing and all its attendant 
disadvantagas and dangers in children. It entails a proneness to inflammation of all 
parts of the air-passages and of the Eustachian tubes, and leads to deformed development 
of the palate and dental arch. In many cases adenoids tend to atrophy alxjut the age of 
puberty, by which time their presence is likely to have caused permanent injury to the 
health and development of the patient. No certain remedy for adenoids exists excepting 
operation. ^ 

The pharynx is sometimes the seat of a pouch-like dilatation of its walls, in which 
the food collects when the patient swallows. A cure is eflected by removing the diverti¬ 
culum and accurately sutuiing the oi)ening in the pharynx which Ixas been made. The 
internal carotid artery is in close lelalion with the pharynx, so that its pulsations can be 
felt through the mouth. It has been occasionally wounded liy sharp-pointed instiuments, 
introduced into the mouth and thrust through the wall of the pharynx. In aneurysm of 
this vessel in the ne<!k, the tumour nccessaiily bulges into the pharynx, as this is the 
direction in which it meets with the least resistance, nothing lying between the vessel and 
the mucous membrane except the thin Constrictor muscle, whereas on the outer side there 
are the dense cervicsal fascia, the muscles descending from the styloid process, and the 
margin of the Sterno-mastoid. 

ITie mucous membrane of the pharynx is very vascular, and is often the seat of 
inflammation, frequently of a septic! character, since the numerous recesses are prone to 
lodge micro-organisms. And, in addition, owung to its exposcxl situation, the mucous 
membrane is liable to be irritated by agents introduced during inspiration. The inflam¬ 
mation may be attended with serious conseciucnces: it may extend uj) the Eustachian 
tube and involve the middle ear ; it may spread to the entrance of the larynx, causing 
oedema and seriously interfering with respiration; or, invading the lymphatics, it may 
spread to the loose areolar tissue surrounding the pharyngeal wall, and may extend far 
and wide, sometimes into the posterior mediastinum along the ensophagus. Abscieas may 
form in thq connective tissue l>ehind the pharynx, between it and the vertebral column, 
constituting what is known as reiro-pharyngcal fibnress. Tliis is most commonly due to 
caries of the cervical vertebra-; but may also be caused by suppuration of a lymphatic 
gland, which is situated in this position op]>ositc the axis, and which receives lymphatics 
from the nasal fossa*; by a gumma ; or by jusute pharyngitis. In these cases the pus may 
be easily evacuated by incision with a guartled bistoury, through the mouth, but, for 
aseptic reasons, it is desirable that the abscess should be opened from the nock. In some 
instances this is perfectly easy: the abscess can be felt bulging at the side of the neck, 
and merely requii*es an incision for its relief; but this is not always so, and then an 
incision should be made along the posterior border of the Sterno-masloid and the deep 
fascia divided. A director is now to be inserted into the wound, the forefinger of the left 
hand being introduced into the mouth and pressure made upon the swelling. This acts 
as a guide, and the director is to be pushed onwards until pus appears in the groove. A 
pah of sinus forcejis is now inserted along the director and the opening into the cavity 
dilated. 

Abscess also occurs in children, underneath the mucous membrane, between it and 
the pharyngeal aponeurosis. The condition usually arises from a peritonsillar inflammation, 
which sfireods backwards. In some cases an enormous swelling may form, which pushes 
forwards the soft palate and gives rise to resjiiratory obstruction. In such the abscess 
should be opened through the mouth with the child in the inverted ]>osition, so as to prevent 
the first gush of pus from entering the superior opening of the larynx. 

Foreign bodies not infrequently become lodged in the pharynx, and most usually at 
its termination at about the level of the cricoid cartilage, just beyond the reach of the 
finger, as the distance from the arch of the teeth to the commencement of the cesophagus 
is about six inches. 


The (Esophagus 

The cesophag'US, or g'ullet, is a muscular canal, about nine or ten inches 
in length, extending from the pharynx to the stomach. It commences at the 
^tipper border of tlie cricoid cartilage, opposite the sixth cervical vertebra, 
descends along the front of the vertebral column, through tliti! jpbsterior 
mediastinum, passes through the Diaphragm, and, entering the Abdomen, 
terminates at the cardiac orifice of the stomach, opposite the eleventh thoracic 
vertebra. Tlie general direction of the oesophagus is vertical; but it presents 
tw'o slight curves in its course. At its commencement it is placed in the 
median line ; but it inclines to the left side as far as the root of the neck, 
gradually passes to the middle line again at the level of the fifth thoracic 
vertebra, and finally deviates to the left as it passes forwards to the 
oesophageal opening of the Diaphragm. The oesophagus also presents antero¬ 
posterior flexures corresponding to the curvatures of the cervical and thoracic 
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portions of the vertebral column. It is the narrowest part of the alimentary 
canal, and is most contracted at its commencement, and at the point where 
it passes through the Diaphragm. ■ 

Relations.— The cervical 'portion (pars cervicalis) of the ccsophagiis is in 
relation, in frotU, with tlie trachea ; and at the lower part of the neck, wl)ere 
. it projects to the left side, with the thyroid gland ; behind, it rests upon the 
vertebral column and Longus colli muscles ; on either side it is in relation willi 
the common carotid artery (especially the left, as it inclines to that side), and 
part of the lateral lobe of the thyroid gland ; the rocun’cnt laryngeal nerves 
ascend between it and the trachea ; to its left side is the thoracic duet. 

The thoracic portion (pars thoracalis) of the aesu}>hagus is at first situated a 
little to the left of the median line ; it passes behind the aortic arch, separated 
from it by the trachea, and descends in the posterior mediastinum, along the 
right side of the aorta, then runs in front and a little to the left of the aorta, 
and enters the abdomen tlirough tlie Diaphragm at the level of the tenth 
thoracic vertebra. Just before it perforates the Diaphragm it presents a distimit 
dilatation or huUt. It is in relation, in front, with the trachea, the left bronchus, 
tliepia'ioardiura, and the Diaphragm; behind, if- rests upon the vert ebral column, 
the Longus colli muscles, the right intercostal arteries, the thoracuc duct, and 
,\a7.ygos''jninor veins; and below, near the Diaphragm, upon the front of tlie 
aorta. On its left side, in the supeu-ior mediastinum, are the terminal part 
of the arch of the aorta, the left subidavian artery, the thoracic duct, and 
left pleura, while running upwards in the angle bcfweeii it and the trachea is 
Die left. W^mrrent la^ngeal nerve : below, it is in rclafion with the descending 
tlioracic' feor^. '^(^n its right .side are the right pleura, and the vena azygos 
oiajo.r which it overlaps. -iQ’lie poeaftiohantiv nerves descsend in elq^se contact 
with it, the riglit nerve passing down behind, and the left nerve in front of 
it; the two nerves uniting to form a phsxus (the plexns gulm) around the tube. 

In tlie lower part of the posterior mediastinum the thoracic diud lies to 
the right side of the ossophagus ; higher uji, it is plaised behind it, and, crossing 
about, the level of tlie fourth thoracic vertebra, is continued upwards on its 
left side. 

The abdcmi'nal portion (pars abdoniinalis) of the nesojihagus lies in the- 
tt'SO ph ageal groove on the 

posterior surface of tJic left Fio. 921.—.Section of ocsojiliagns 

lobe of the liver. It measures 


about half an inch in length, 
and its front and left aspects 
only are covered by peritoneal 
membrane. It is somewhat 
conical with its base apjilufd to 
the upper orifice of the stomach, 
and is known as the antrum 
cardiacum. 



Structure (fig. 921).—Tlie (eso¬ 
phagus has throe coats: an e.-cternal 
or muscular ; a middle or areolar ; and 
an internal or mucqius coat. 

The mnacular coat is composed of 
two xilanes of considerable thickness : 
an external longitudinal and an 
interna] circular. 

The hngit^idinnl fibres are arranged, 
at the commencement of the tube, in 
three fasciculi: one in front, which 
is attached to the vertical ridge on 
the posterior surface of the cricoid 
cartilage; and one at either side, 
which is continuous with the muscular 
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fibres of the pharynx; as they descend they blend together, and*form a uniform layer, 
which covers the outer surface of the tube. 


Accessory slips of muscular fibres pass between the oeso^agus and the left ]>leura, 
where the latter covers the thoracic aorta, or the root of the left bronchus, or the back 
of the pericardium. 
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' The circvktr fibres are oontinuous above with the Infaior constriotor; their direction 
is transverse at the upper -and lower parts of the tut)e, but oblique in the oqntral part. 

The muscular fibres in the upper part of the oesophagus are of a red colour, and consist 
chiefly of the striped variety; but below, they consist for the most part of involuntary fi bres. 

The ar&flar or siditnucoua coat connects loosely the mucous and muscular coats. 

The mucous coal is thick, of a i-eddish colom almve, and pale l)elow. It is disposed in 
longitudinal folds, which disappear on distension of the tube. Its smlace is studded with 
minute papilla;, and it is covered throughout with a thick layer of stratified pavement 
e])ithelium. Beneath the mucous membrane, between it. and the aieolar coat, is a layer of 
longitudinally arranged non-striped muscular fibres. This is the muscvlaris mucosw. At 
the commencement of the oe.sophagu8 it is absent, or only represented by a few scattered 
bundles; lower down it forms a considerable stratum. 

Tlie mophageal glands are small compound racemose glands of the mucous type: 
they arc lodged in the submucous tissue, and ^ch opens upon the surface by a long 
excretory duct. 

Vessels and Werves.—The ai-teiies supplying the cesophagus aro derived from the 
inferior thyroid branch of the thyroid axis of the subclavian, from the dedeending thoracic 
aorta, from the gastric branch of the cteliae axis, and from the left inferior phrenic of the 
abdominal aorta. They have for the most part a longitudinal direction. 

The nerves are derived from the pneumogastric and from the sympathetic ; they form 
a plexus, in which arc groups of ganglion-cells, bet ween the two layers of the muscular 
coats, and also a second plexus in the submucous tissue. 

Applied Anatomy. —The assopliagus may be obstructed by foroign Ixxlies, and also 
by changes in its coats producing stricture, or by pressure on it from without of new 
giow'ths or aneurysm, &c. Ihe different forms of stricture are: (1) the fibrous, due to 
cicatrisation following destruction of tissue, the result of swallowing boiling or corrfwive 
fluids—here dilatation of the stricture may be cariiedout; and (2) malignant, usually 
epitheliomatous in its nature. Tliis may be situated eitlier at the upper end of the 
tube, opposite the cricoid cartilage, or at its lower end at the cardiac orifice, but is most 
commonly found at that part of the tube where it is crossed by the left bronchus. In 
these cases, if the patient is losing weight from insufficient nourishment, the operation of 
gastrostomy may be performed in order to avoid death from starvation ; death, however, 
most commonly occurs from ulceration of the growth into the mediastinum or air-passages, 
lit cases of stricture of Ihe coKO|ihagus it. may Is; nece.s8ary to dilate the canal by a Imugic, 
when it is of importance that tlie direction of the msophagus and its relations to 
suirounding j)arf.s should be rernemhcrc'd. In cases of malignant disease of the 
oesdphagus, where its tissues have become softened from infiltration of the growth, the 
greatest care is requisite in directing the bougie through the strictured part, os a false 
passage may easily be made, and the instrument may pass into the mediastinum or into 
one or other jfleural cavity, or oven into the poricaidium. 

In cases of obstruction of the a^sophagus, and consequent symptoms of stricture, 
produced by an aneurysm of some part of the aorta pressing upon this tube, the passage 
of a Imugic could only hasten the fatal issue. 

In passing a bougie the left foielinger should be introduced into the mouth, and the 
epiglottis felt for, care being taken not "to throw the head loo far backwards. The Ixtugie 
is then to be jiassed beyond the finger until it touches the posterior wall of the pharynx. 
The patient is now asktil to,swnllow% and at the moment of swallowing the Imugic is 2 iasscd 
gently onwards, all violence'heing carefully avoided. 

It occasionally hapjiens that a foreign laxly becomes impacted in the (esophagus, which 
can neither las brought,upwards nor moved downw^ards. When all ordinary means for its 
removal have failed, excision is the only resource'. This, of course, can only be performed 
when it is not very low down. If the foreign body is allowed to remain, extensive inflam¬ 
mation and ulceration of the (esophagus may dhsue. In one case the foreign body 
ultimately penetrated the intervertebral substance, and destroyed life by inflammation of 
the membranes and substance of the cord.', 


THE ABDOMEN 

The abdomen is the largest cavity in the body. It is of an oval sh^e, 
the extreniilufs of the oval being directed upw'aids and downw'ards. The 
upper extremity is formed by tlie Diaphragm which extends as a dome over 
the abdomen, so that the cavity extends high into the bony thorax, reaching 
on the right side, in the nipple line, to the upper border of the fifth rib ; on 
the left side it falls‘below.this level by about an inch. The lower extremity is 
formed by the structures which clothe the inner surface of the bony pelvis, 
principally the Levatortes ani and Coccygei muscles on either side. These 
muscles are sometimes termed the Diaphragm of the velvi/i . The cavity is 
wider above than below% and measures more in the vertical than in the 
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transverse diameter, Iii order to facilitate description, it is artificially 
divided into two parts : an upper and larger part, the abdomen proper ; and 
a lower and smaller part, the pelvis. These tM'o cavities are not separated 
from each other, but the limit between them is marked by the brim of the 
true pelvis. 

The abdomen proper differs from the other great cavities of the body in 
l)eiiig bounded for the most part by muscles and fasciae, so that it can vary in 
capacity and shape according to the condition of the viscera wliich it contains ; 
but, in addition to this, the abdomen varies in form and extent with age and 
sex. In the adult male, with moderate distension of the viscera, it is oval or 
barrel-shaped, but at the same time flattened from before backwards. In the 
adult female, with a fully developed p<dvis, it. is conical with the apex above, 
and in young children it is conical with the apex below. 

It is bounded in front ahd at the. sides by the low'er ribs, the abdominal 
muscles, and tlio iliac fossae ; behind by the vertebral column and the Psoas 
and Quadratus lumborum muscles ; above by the Diaphragm ; below by the 
plane of the bilm of the iJelvis. The muscles forming the boundarh^s of 
the cavity are lined upon their inner surfaces by a layer of fascia, diffenmtly 
named according to tlic ])art it covers. 

Th(f abdomen contains the greater part of the alimentary canal; some of 
tlw> ac(!cssory organs to digestion, viz. the liver and pancreas; the s])leen, the 
kidneys, and suinarenal glands. Most of these structures, as well as the 
wall of the cavity in wliich tliey are contained, are more or less covered by an 
extensive and complicated serous membrane, the peritonemn. 

The apertures found in the walls of the abdomen, for the transmission of 
structures to or from it, are, the wndnlir.iis (in the fetus), for the transmission 
of the umbilical vessels ; the caixd openiruj in tlie Diaphragm, for the trans¬ 
mission of the inferior vena cava ; tlic aortic opening, for t lie ^oassage of the 
aorta, vena azygos major, and thoracic duct; and the wsophageal opening, for 
the oesophagus and pneumogastric nerves. Below, there arc two apertures on. 
either side : one for the passage of the femoral vesstils, and the other for the 
transmission of the spermatic cord in the male, and the round ligament in the 
female, 

Rp g-inns.— For convenience of description of the viscera, as well as of 
reference to the morbid conditions of the contained parts, (he abdomen is 
artificially divided into nine regions by imaginary planes, two horizontal and 
two sagittal, passing through tlie (lax ity, the edges of the planes being indi<‘aied 
by lines drawn on the surface of the body. Of the horizontal planes the upper 
or infracostal is indicated by a line encircling the body at the level of the 
lowest fioints of the tenth costal cartilages, the lower by a line canied round 
the trunk at the level of the highest points of the iliac; crests as seen from the 
front. The latter is the interttdnrcvlar jilaue of Ounningham, who lias ]M)inted 
out* that its level corresponds with the pi'orniiumt and easily definc'd tubc'rcle 
on the iliac; crest about tw'o inches bcliind the anterior sufierior iliac sjiinc. 
By means of these imaginary planes the abdomen is divided into three zones, 
winch are named from above dowmwards the* subcostal, unihiliral, and hypo¬ 
gastric zones. Each of those is further subdi*?ided into three regions by the 
two sagittal planes, which are indicated on the surface by lines drawn vertic*ally 
through points hatfway between the anterior Hup{;rior iliac .spines and the 
symphysis pubis.f 

The middle region of the upjier zone is called the epigastric ; and the two 
lateral regions, tlie right and left hypochondriac. The central region of the 

* Journal of Awdonnj and. I'lii/giologii, vol. xwii. 

t Anatomists are far i'rcim agroc-d as 1.o tbe; bc'st nic-thocl of subdividing the abdominal 
c;avity, but that given above is the one whii;b is generally adopted in this country. Addison,' 
in a careful analysis of the abdominal viscjera in a large number of subjects, adopts the 
following lines: (1) a median, from the symphysis pubis to the ensiform cartilage; (2) two 
lateral lines each drawn vertically through a point midway between the anterior suiierlor iliac; 
spine and the symphysis pubis ; (3) an iipjcer transverse line lialfway b«;tween the .symphysis 
pubis and the suprasternal notch; and (4) a lower transverse line midway between the last, 
and the upper border of the syrajehysis pubis. The uiiper transverse line corresponds witli 
what lie has termed the iramtpylorio plane, from the fact that in Suost cases this piano cuts 
through the pylorus. 

' Journal ef Anatomf and PhytUtlogf, voU. xxxiM., xxxiv, xxxT. 
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middl^ zone is the umbiliaxl; the two lateral regions, the right and le/t 
lumbar. The middle region of the lower zone is the hypogastric or pubic 
region ; and the lateral'regions are tlio right and hft iliac or inguinal 922J. 

The pelvis is that portion of the abdominal cavity wliich lies below and 
behind a plane passing through the promontory of the sacrum, the ilio-pectineal 
lines, and the pubic crests. It is bounded behind by the sacrum, coccyx, 
Pyriformis muscles, and the sacro-sciatic ligaments ; in front and laterally by 
the pubes and ischia and Obturator internus muscles ; above it communicates 
with the abdomen proper ; below it is closed by the Levatores ani and Coccygei 
muscles and the triangular ligament. The pelvis contains the bladder, the 
pelvic colon, a few cods of the small intestine, and some of the generative 
organs. 

When the anterior abdominal wall is removed, the viscera are partly 
exposed as follows : above and to the right side is the liver, situated chiefly 
under the shelter of the right ribs and their cartilages, but extending across 
the middle line and reaching for some distance below the level of the ensiform 
cartilage. To the left of the liver is the stomach, from the lower border of 
which an apron-like fold of peritoneum, tlie great omentum, descends for a 
varying distance, and obscurcis, to a greater or lesser extent, the other viscera. 
Below it, however, some of tiie coils of the small intestitu; can generally be 
seen, while in the right and left iliac; regions respectively the caecum and the 
iliac colon are partly exposed. Tlic bladder occupies the anterior part of 
the pelvis, and, if distended, will project above the symphysis pubis ; the 
rectum lies in the concavity of the sacrum, but is usually obscured by the coils 
of the small intestine. The 2 )elvic colon lies between the rectum and the 
bladder. , 

If the stomach is followed from loft to right it will be found to be continuous 
with the first part of the small intestine, or duodenum, the 2 )ointof continuity 
being marked by a thickened ring which indicates the position of the pyloric 
valve. The duodenum passes towards the under surface of the Hver, and 
then, curving downwards, is lost to sight. If, however, the great omentum be 
thrown upwards over the chest, the terminal part of the duodenum will be 
observed passing across the vertebral column towards the left side, wdierc it 
becomes continuous with the <Joils of the jejunum and ileum. These rmuisure 
some twenty feet in length, and if followed downwards will be seen to end in 
the right iliac fossa by opening into the cascum or commencement of the large 
intestine. From the caecum the large intestine takes an arched course, passing 
at first upwards on the right side, then across the middle line and downwards 
on the left side, and forming respecstivcly the ascending, transverse, and 
descending parts of the colon. In the left iliac region and pelvis it assumes 
tlie form of a loop, the ilio-pelvic colon or sigmoid flexure, and terminates in 
the rectum. 

The spleen lies behind the stomach in the left hypochondriac region, and 
may be in part cxjiosed by pulling the stomach over towards the right side. 

The glistening appearance of the dee^) surface of the abdominal wall and 
of the exfwsed viscicra is due to the fact that the former is lined, and the latter 
more or less completely covered, by a serous membrane, the peritoneum. 

• The Pbbitonetjm 

The peritoneum is the largest serous membrane in the body, and consists, < 
in the male, of a closed sac, a part of wliich is applied against the abdominal 
parietes, w'hile the remainder is reflected over the contained viscera. In the 
female the peritoneum is not a closed s4c, since the free extremities of the 
"'Fallopian tubes open directly into the peritoneal cavity. The part 
which lines the parietes is named the parietal portion of the peritoneum ; 

^ that which is reflected over the contained viscera constitutes the visceral 
y portion of the peritoneum. The free surface of the membrane is smooth, 
covered by a layer of flattened endothelium, and lubricated by a small quantity 
of serous fluid. Hence the viscera can glide freely against the wall of the 
cavity or upon one another with the least possible amount of friction. The 
attached surface is rough, being connected to the viscera and inner surface of 
the pa,rietes by means of areolar tissue, termed the substrous areolar tissue. 

A. /'I 
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The parietal portion is loosely connected with the fascial lining of the aMItenen 
and pelvis, but is nyjre closely adherent to the under surface of the Diaphi^m 
and also in the mid^e line of the abdomen. 

The space between the parietal and visceral layers of the peritoneum is 
named the peritoneal cavity ; but it must be remembt'red that under normal 
conditions this cavity is a potential one, since the parietal and visceral layers 
are in contact. The peritoneal ‘oa\ity’ is subdivided into a greater and a 
lesser sac, which communicate through the foramen of Winslow (foramen 
epiploicum). The greater sac is» opened when the abdominal wall is cut 
through ; t he lesser is situated behind tlie stomach and adjoining structures, 
and may be regarded as a diverticulum from tlie greater sac. 

Tht‘ peritoneum differs from tiio other serous membranes of tlie body in 
presenting a much more complex arrangement, and one which can only bo 
clearly understood by following the changes which take place in the alimentary 


Fig. 92.3.—^Vortical disposition of the pentoneiim. 



canal during its development ; the student therefore* is advised to preface his 
study of the peritoneum by reviewing the chapter dealing with this subject 
in the section on Embryology (page 1^). 

To trace the membrane fi‘om one visi-us to another, and from the viscera 
to the parietes, it is necessary to follow* its continuity in the vertical and 
hori'/.ontal directions, and it will be found simpler to describe the two sacs 
separately. 

Vertical disposition of the greater sac (fig. 923).—It is convenient to 
trace the greater sac from the back of the abdominal w'all at the level of the 
umbilicus. On following the peritoneum upwards from this level it is seen to 
be reflected around a fibrous cord, the ligamentum teres, or obliterated umbilical 
vein, which reaches from the umbilicus to the under surface of the livor. This 
reflection forms a somewdiat triangular fold, the falciform or suspensory 
ligament of the liver, attar-hing the upper and anterior surfaces of the fiver to 
the Diaphragm and abdominal waU. With the exception of the line of 
attachment of this ligament the peritoneum covers the whole of the under 
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8m|KSe of the anterior part of riie Diaphragm, and is continued from it on to 
tho %ppor surface of the right lobe of the liver as the superior layer of the 
coronary ligamnt, and on to the upper surface of the left lobe as the superior 
layer of the left lateral ligament of the liver. Covering the upper and anterior 
surfaces of the liver, it is continued round its sharp margin on to the 
under surface, where it presents the following relations: (a) It covers 
the under surface of the right lobe and is reflected from the back part of this 
on to the upper extremity of the right kidney, forming in this situation the 
inferior layer oj the coronary ligament ; from the kidney it is carried dov ii- 
wards to the duodenum and hepatic flexure of the colon and inwards to 
the inferior vena cava, when* it is continuous with the postenorwall of the 
lesser sac. Between the two layers of the cofbnary ligament there is a 
large tiiangular surtace of the liver devoid of peritoneal covering this 


Fio. 924.—Posterior view of the antenor abdomin^wall in its Jouer half. The (lentoneum 
IS m place, and the various cords are shining thiough. (\ftci Joessel.) 
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is named the bare area of the liver, and is attached to the Diaphiagni by 
areolar tissue. Tow aids the ngbt margin ot the liver the two layeis of 
the coronary ligament giadually appioach each other, and ultimately fuse 
to form a small triangular fold connecting the right lobe of the liver to 
the Dia{)hragm, and named llie right lateral ligament of the livei. The 
,apo\ of the triangular bare area corresponds with the point of meeting 
of the two layers of the coronary ligament, its base with the fossa for the 
inferior vena cava. (6) It covers the low'cr surface of the ijuadrate lobe, the 
under and lateral surfaces of the gall-bladder, and the tinder surface and 
posterior border of the left lobe ; it is then reflected from the upper surface 
of the liver to the Diaphragm as the inferior layer of the left lateral ligament, 
and from the transverse fissure and fissure for the ductus venosus to the 
lesser curvature of the stomach as the anterior layei of the gastro-hepatic, or 

4 0 2 
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small, omenlum. If this layer of the small omentum be followed to Iftib right 
it will be found to turn round the hepatic artery, bile-duct, and portal vein, 
and become continuous with the anterior wall of the lesser sac, forming a free 
folded edge of peritoneum. Traced downwards, it covers the antero-superior 
surface of the stomach and the commencement of the duodenum, and is carried 
down from the greater curvature of the stomach into a large free fold, known 
as the gastro-cohc or great omentum. Reaching the free margin of this fold, it 
is reflected upwards to cover the under and posterior surfaces of the trans¬ 
verse colon, and thence to the posterior abdomitial wall as the inferior layer 
of the transverse mesocolon. It reaches tlie abdominal wall at the upper 
border of the thii’d part of the duodenum, and is then carried down on the 
superior mcscmteric, vessels to the small intestine as the anterior layer of the 
mesentery. It encinilcs the intestine, and subsequently may be traced, as 
the posterior layer of the mesentery, upwards and backwards to the abdominal 
wall. From this it sweeps down over the aorta into tlie pelvis, wJiere it 
invests the pelvic colon, its reduplication forming the pelvic mesocolon. 
Leaving first the sides and tlien the front of the rectum, it is reflected on to 
the base of the bladder and, after (sovering the upper surface of that viscus 
is carried along the urachus and obliterated hypogastric; arteries (fig. 924) 
on to the back of the abdominal wall to the level from which a start was made. 

Between the rectuni and the bladder it forms, in the male, a pouch, the 
recto-vesical pouch, the bottom of whicli is about the level of the middle of 
the vesiculaj seminales—i.c. about three inches from the orifice of the anus. 
When the bladder is distended, the peritoneum is carried up with the 
expanded viscus so that a considerable part of the anterior surface of the latter 
lies direetjy against the abdominal wall without the intervention of jKiritoneal 
membrane. In the female the peritoneum is reflect t>d from the rectum on 
to the upper ])art of the posterior vaginal wall, forming the recto-vaginal pouch 
or povLch of Douglas. It is continued over the posterior surface and fundus of 
the uterus on to its anterior surface, which it covers as far as the junction 
of the body and cervix uteri, and then to the; bladder, forming here a second, 
but shallower, pouch, the utero-vesical pouch. It is also reflected from the 
sides of the uterus to the lateral walls of the pelvis as two expanded folds, the 
broad ligaments of the uterus, in the free margin of each of wliieh is the Fallopian 
tube. 

Vertical disposition of the lesser sac (fig. 923). -A start may be made 
in this case on the posterior abdominal wall above the pancreas. From this 
region the piwitoneum may be followed upw'ards on to the inferior surface of 
the Diaphragm, and thence on to the Spigelian and caudate lobes of the liver 
to the fissure for the ductus venosus and the transverse fissure. Traced 
laterally, it is continuous over the inferior vena cava uith the posterior uall 
of the greater sac. From the liver it is carried downwards to the lesser curva¬ 
ture of the stomach as the posterior layer of the gastro-hepatic omentum, 
and is continuous on the right, round tlie hepatic artery, bile-duct, and portal 
vein, with the greater sac. The posterior layer of the gastro-hepatic omentum 
is carried down to the greater curvature of the stomach as a covering for the 
postero-inferior surface of this viscus, and from the greater curvature is 
continued downwards as the deep layer of the gastro-colic or great omentum. 
From the free margin of this fold it is reflected upwards on itoelf to the anterior 
and superior surfaces of the transverse colon, and thence as the superior layer 
of the transverse meso-colon to the upper border of the third part of the 
duodenum, from which it may bo followed over the front of the pancreas to 
the level from which a start was made. It will be seen that the loop formed by 
the wall of the lesser sac below the transverse colon follows, and is closely 
applied to, the deep surface of that formed by the greater sac, and that the 
great omentum or large fold of peritoneum wMch hangs in front of the small 
intestine therefore consists of four layers, two anterior and two posterior, 
separated by the potential cavity of the lesser sac. 

Horizontal disposition of the peritoneum. —Below the transverse 
colon the arrangement is simple, as it includes only the greater sac; above 
the level of the transt^erse colon it is more compUcated on account of the 
existence of the two sacs. Below the transverse colon it may be considered 
in the two regions, viz. in the pelvis and in the abdomen proper. 
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{lJ*Tn the pdvia. —The peritoneum here follows closely the surfaces of the 
pelvic viscera ilnd the inequalities of the pelvic walls, and presents important 
differences in the two sexes, (a) In the male it encircles the pelvic colon, 
from which it is reflected to the posterior wall of the pelvis as a fold, the 'pelvic 
mesocolon. It then leaves the sides and. finally, the front of the rectum, and 
is continued on to the bladdcu*; on cither side of the rectum it fojms a fossa, 
the pararectal fossa, which varies in size with the distension of the rectum. 
In front of the rectum the peritoneum forms the recto-vesical })ouch. which is 
limited laterally by peritoneal folds extending from the sides of the bladder 
to the rectum and sacrum. Tliese folds are known from their position as the 
recto-vesical or sacro-yenital folds. The piwitoneum of the anterior pelvic wall 
covers the superior surface of tl«^ bladder, and on either side of this viscus 
forms a depression, termed the 'paravesical fossa, and limited externjilly by 
the fold of peritoneum covering the vas deferens. The size of this fossa is 
dependent on the state of distension of the bladder; when the bladder is empty, 
a variable fold of peritoneum, the plica vesicalis tra'nsversa, divides the fossa 
into two ijortions. On the peritoneum between the paravesical and pararectal 
fossaj the only clc-vations are those produced by the ureters and the internal 
iliac vessels. (6) In the female, pararectal and paravesical fossa* similar to those 
in the male are present: the outer limit of the paravesical fossa is the peritoneum 

Pig. 925.—Horizontal disjsjsition of the peritoneum in the lower part of the abdomen. 
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investing the round ligament of the uterus. The recto-vesical pouch is, 
how'ever, divided*by the uterus and vagina into a small anterior utero-vesical 
and a large, deep, posterior recto-vaginal pouch. The sacro-genital folds 
form the margins of the latter, and are continued on to the back of the uterus 
to form a transverse fold, the torus uterinus. The broad ligaments extend 
from the sides of tJie uterus to the lateral walls of the pelvis ; they contain 
in their free margins the Fallojuan tubes, and in their posterior layers the 
ovaries. Below, the broad ligaments are continuous with the peritoneum on 
the lateral walls of the pelvis. On the lateral pelvic wall behind the attach¬ 
ment of the broad ligament, in the angle between the elevations produced 
by the diverging internal and external iliac vessels, is a slight fossa, the ovarian 
fossa, in which the ovary normally lies. , • 

(2) In the lower abdomen (fig. 925).—Starting from the linea alba, below the 
level of the transverse colon, and tracing the continuity of the peritoneum in a 
horizontal direction to the right, the membrane covers the inner surface of the 
abdominal wall almost as far as the outer border of the Quadratus lumborum; 
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it encloses the ciecum and vermiform appendix, and is reflected over the 
sides and front of the ascending colon ; it may then be traced over the Psoas 
muscle and inferior vena cava towards the middle line, whence it passes along 
the mesenteric vessels to invest the small ihtestine, and back again to the 
large vessels in front of the vertebral column, forming the mesentery, between 
the layers of which are contained the meseutcrio blood-vessels, lacteals, and 
glands. It is then continued over the left Psoas muscle ; it covers the. sides 
and front of the descending colon, and, reaching the abdominal wall, is carried 
on it to the middle lino. 

(3) In the upfter abdomen (fig. 926).—Above the transverse colon tire 
peritoneum can be traced, forming the greater and lesser sacs, and the 
communication of tlie two sacs with one another through the foramen of 
Winslow can be demonstrated. 

(a) Qre-ater sac .—Commencing on the posterior abdominal wall at the 
inferior vena cava, the membrane may be followed to the right over the front 
of the upper part of the right kidney on to the antero-lateral abdominal wall. 
From the middle of the anterior wall a backwardly directed fold encircles the 
obliterated umbilical vein and forms the falciform ligament of the liver. 


i’lO. 926.—Horizontal disposition of the peritoneum in the upper part of 

the abdomen. 
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Continuing to the left, the peritoneum lines the lateral abdominal wall and 
covers the outer part of the front of the left kidney, and is reflected to the 
posterior border of the hilus of the spleen as the posterior layer of the lierw- 
renal ligament. It can then be traced over the surface of the spleen to the 
front of the hilus, and thence to the cardiac extremity of the stomach as 
< the anterior layer of the gastro-apknic omentum. It covers the antero-supeiior 
surfaces of tlic stomach and first part of the duodenum, and extends up 
from the lesser curvature of the stomach to the liver, the latter portion 
forming the anterior layer of the gastro-hepatic omentum. 

(6) Lesser sac .—On the posterior abdominal wall the peritoneum of the 
greater sac is continuous with that of the lesser sac in front of t})e inferior 
vena cava. Starting from here, the lessor sac may be tra(!ed across the aorta 
and over tlie inner part of the front of the left kidney to the hilus of the 
spleen as the anterior layer of the licno-renal ligament. From the spleen it is 
reflected to the stomach as the posterior layer of the gastro-splenie omentum. 
It covers the postero-iilferior surfaces of the stomach and commencement of 
the duodenum, and from the lesser curvature of the stomach extends upwards 
to the liver as the posterior layer, of the gastro-hepatic omentum; the riglit 
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margin of tliis layer is continuous round the hepatic artery, bile-duct, and 
portal vein, with the wall of the greater sac. 

Foramen of Winslow. —The foramen of Winslow is the passage of 
communication between the gi-eater and lesser sacs. It is bounded in front 
by the free border of the gastro-hepatic omentum, with the common bile- 
duct, hepatic artery, and portal vein between its two layers; behind by the 
peritoneum covering the inferiorvena cava; above by the peritoneum on 
the caudate lobe of the liver, and below by the peritoneum covering the 
commencement of the duodenum and the liepatic artery, the latter passing 
forwards below the foramen befon* ascending between tlie two layers of the 
gastro-hepatic omentum. 

The boundaries of the lesser sac will now be evident. It is bounded in front, 
from above downwards, by the Spigelian lolxi of the liver, the gastro-hepatic 
omentum, the stomach, and tlie anterior two layers of the great omentum. 
Behind, it is limitf;d, from below upwards, by the two posterior layers of the 
great omentum, the transverse colon, and the ascending layer of the trans¬ 
verse mesocolon, the upper surface of the pancreas, the left suprarenal gland, 
and the upper end of the left kidney. To the right of the cesopliagetil opening 
of the stomach it is formed by tha' part of the Diaphragm which supports 
the Spigelian lobe of the liver. Laterally, the lesser sac extends from the 
foramen of Winslow to the spleen, where it is limited by the licno-renal 
ligament and the gastro-splcnic omentum. 

In the foetus the lesser sac reaches as low as the free margin of the great 
omentum, but in the adult its vertical extent is usually more limited owing 
to adhesions between the layers of the omentum. During a considerable 
part of foetal life the transverse coloti is suspended from the posterior abdominal 
wall by a mesentery of its own, tlie two posterior layers of the great omentum 
passing at tliis stage in front of the colon. This condition occasionally 
persists throughout life, but as a rule adhesion occurs between the mesentery 
of the transverse colon and the posterior layer of the great omentum, with 
the result that the colon appears to receive its peritoneal covering by the 
splitting of the two posterior layers of the latter fold. In the adult the lesser 
sac intervenes between the stomach and the structures on which that 
viscus lies, and performs therefore the functions of a serous bursa for the 
stomach. 

Numerous peritoneal folds extend between the various organs or connect 
them to the parictes.. They serve to hold them in position, and, at the same 
time, enclose the vessels and nerves proceeding to them. Some of these folds 
are called ligaments, such as the ligaments of the liver and the false ligaments 
of the bladder. Others, which connect certain parts of tlie intestine with the 
abdominal wall, constitute the mesenteries ; and lastly, those which proceed 
from the stomach to certain visiicra in its neighbourhood arc called omenta. 

The ligaments, formed by folds of the peritoneum, include those of the 
liver, spleen, bladder, and uterus. They will be found described with their 
respoctive organs. 

The omenta are ; the small omentum, the great omentum, and the 
gastro-splcnui omentum. , 

The small or gastro-hepatic omentum (omentum minus) is the duplicature 
which extends between the liver and the lessor curvature of the stomach. It 
is extremely thin, and is continuous with the two layers of peritoneum which 
cover respectively the antero-superior and postero-inferior surfaces of the* 
stomach. . When these two layers reach the lesser curvature of the stomach, 
they join together and ascend as a double fold to the transverse fissure of the 
liver ; to the left of this fissure the fold is attached to the bottom of the 
fissure of the ductus venosus, along which it is carried to the Diaphragm, 
where the two layers separate to embrace the end of the oesophagus. At the 
right border the two layers are continuous, and form a free margin which 
constitutes the anterior boundary of the foramen of Winslow. Between the 
two layers, close to this free margin, are the hepatic g^rteiy, the common bile- 
duct, the portal vein, lymphatics, and the hepatic plexus of nerves—all these 
‘structures being enclosed in loose areolar tissue, called Olisson's capsule. 
Between the layers, where they are attached to the stomach, run the gastric 
artery and the pyloric branch of the hepatic artery. 
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The great or gastro-coUc omemium (omentum majus) is the largest peritoneal 
fold. It consists of a double sheet of peritoneum, folded on itself so that it 
is made up of four layers. The two layers which descend from the stomach 
pass in front of the small intestines, sometimes as low dowm as the pelvis; 
they then turn upon themselves, and ascend again as far as the transverse 
colon, where they separate and enclose that part of the intestine. These 
individual layers may be easily demonstrated in the young subject, but in 
the adult they are more or less insej)arably blended. The left border of the 


Kt«. 927.—^DiaRTani devised by Dclepine to show the lines along which the 
j)eritoneum leaves the wall of the abdomen to invest the viscera. 
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great omentum is continuous with tlie gastro-splenic omentum ; its right border 
extends as far only as the duodenum. The great omentum is usually thin, 
presents a cribriform appearance, and always contains some adipose tissue, 
which in fat people accumulates in considerable quantity. Between its two 
anterior layers is the anastomosis between the right and left gastro-epiploic 
arteries. 

The gastro-splenic ormniMm (lig. gastrolienale) is the fold which connects* 
the margins of the hilus of the spleen to the stomach, being continuous 
by its lower border with the great omentum. It contains the vasa brevia. 
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The mesenteries are : the mesentery proper, the transverse mesocolon, 
and the pelvio mesocolon. In addition to these there are sometimes present 
an ascen^ng and a descending mesocolon. 

The mesentery proper (mesenterium) is the broad, fan-shaped fold of perir 
toneum which connects the convolutions of the jejunum and ileum with the 
posterior wall of the abdomen. Its root —the part connected with the structures 
in front of the vertebral column—is narrow, about six inches in length, and 
is directed obliquely from the duodeno-jcjunal flexure at tlie left sidc^ of tlie 
second lumbar vertebra to the right iliac ftmsa (fig. 927). Its intestinal 
border is about twenty feet in length ; and here the two layers separate 
to enclose the intestine, and form its peritoneal coat. Its breadth, between 
its vertebral and intestinal borders, is about eight inches. Its upper border 
is continuous with the under surface of the transverse mesocolon : its lower 
border, with the peritoneum covering the csecum and ascending colon. 
It serves to rt'>tain the small intestines in thdr position, and contains 
between its layers the rami intestini tenuis of the superior mesenteric artery, 
with their accompanying veins and plexuses of nerves, the lacteal vessels, and 
mesenteric glands. 

In most cases the peritoneum covers only the front and sides of the 
ascending and descending parts of the colon. Sometimes, however, these 
are surrounded by the serous membrane and attached to the posterior 
abdominal wall by an ascending and a descending mesocolon respectively. 
At tlui place, wlicrc the transversal colon turns downw ards to form the descend¬ 
ing colon, a fold of peritoneum is continued to the Diaphragm opposite the 
tentli and clcvcntli ribs. Tliis is tiic phremt-colic ligament ; it passes below' 
the spleen, and serves to support this organ, and therefore it has received the 
name of sustentaculum lienis. 

The transverse mejsorolon (mesocolon transversum) is a broad fold, wliich 
connects the transverse colon to tlie posterior wall of the abdomen. It is 
continuous with the tw'o posterior layers of the great omentum, which, after 
separating to surround tlie transverse colon, join behind it, and are continued 
backw'ards to the spine, where they diverge in front of the anterior border of 
the pancreas. This fold contains between its layers the vessels which supjily 
the transverse colon. 

The pelvic mesocx>lon is the fold of pi'ritoneum which ictains the pelvic 
colon in connection with the jielvic wall. Its line of attachment forms a 
V-shaped (urve, the ariex of the curve being placed about the point of division 
of the left common iliac artery. The curve Viegins on the inner side of the 
left Psoas, and runs upwards and backwards to the apex, from which it bends 
sharply downw'ards and inwards, and ends in the mesial jilanc at the level 
of the third sacral vertebra. Between the tw'o layers of this fold run the 
sigmoid and superior hamiorrhoidal vessels. 

The appendices epipUncoi are small pouches of the peritoneum filled w'ith 
fat and situated along the colon and ui)per part of the rectum. They are 
chiefly appended to the transverse colon. 

Retro-peritoneal fosss. —In certain parts of the abdominal cavity there 
are recesses of peritoneum forming culs-de-sacav pouches, w hich ai-e of surgical 
interest in connection with the possibility of the occurrence of retro-peril onf'al 
hernia. One of these is the lesser sac of the peritoneum. Avhich may be regarded 
as a recess of peritoneum through the foranum of Winslow, in which a hernia 
may take place, but there are several others, of smaller size, which require ■ 
mention. 

These recesses or fossa* may be divided into three groups, viz. : 1, the 
duodenal foss® ; 2. the circumeseeal foss® ; and 3, the intersigmoid fossa. 

1. Duodenal fossve (figs. 928, 929).—Moynihan has described no less than 
ninefoss® as occurring in the neighbourhood of the duodenum. Three of these 
are fairly constant, and are the only ones which require mention, (a) The 
inferior duodenal fossa is the most constant of all the peritoneal foss® in this 
region, being present in from 70 to 75 per cent, of case^. It is situated oppo¬ 
site the third lumbar vertebra on the left side of the ascending portion of the 
duodenum. Its opening is directed upwards, and is bchinded by a thin shaip 
fold of peritoneum w'ith a concave margin, called the inferior duodenal fold. 
The tip of the index finger introduced into the fossa under the fold passes 
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some little distance behind the ascending or fourth portion of the duodenum. 
(b) The superior duodenal fossa is "the next most constant pouch or recess, 
being present in from 40 to 50 per cent, of cases. It often coexists with the 
inferior one, and its orifice looks downwards, in the opposite direction to the 


Fia. 928.—Superior and inferior duodenal fossa;. (Poirier and Charpy.) 
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preceding fossa. It lies to the left of the ascending portion of the duodenum. 
It is bounded by the free edge of the superior dtiodenal fold, which presents a 
semilunar margin ; to the right it is blended with the peritoneum covering 
the ascending duodenum, and to the left with tlio peritoneum covering the 


Fig. 929.—^Duodeno-jcjunal fossa. (Poirier and Charpy.) 
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peri-nephric tissues. The fossa is bounded in front by the superior duodenal 
fold ; behind by the sdcond lumbar vertebra ; to the right by the duodenum. 
Its depth is two centimetres, and it terminates in the angle fonned by the 
left renal vein crossing the aorta. This fossa is of importance, as it is in 
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relation with the inferior mesenteric vein: that is to say, the vein almost 
always corresponds to the line of union of the superior duodenal fold with 
the posterior parietal peritoneum, (c) The duodeno-jejunal fossa can be seen 
by pulling the jejunum downwards and to the right, after the transverse 
colon has been pulled upwards. It will apjjear as an almost circular opening, 
looking downward^ and to the right, and bounded by two free borders or folds 
of peritoneum, the ddlodeno- 

mesocoUc ligamen^. The Fig. 930.--Ileo-oolic fossa. (Poirier and Charpy.) 
opening admits the little 
finger into the fossa, to the 
depth of from two to three 
centimetres. The fossa is 
bounded above by the 
pamweas, to the right by 
the aorta, and to the left 
by the kidney; beneath is 
the left renal vein. The 
fossa exists in from 15 to 
20 p(ir (icnt. of cases, and 
has never yet been found 
in conjunction 'Hith any 
other form of duodenal 
fossa. 

2. Circumcoical fosses 
(figs. 930, 931, 932).— 

There are at least three 
pouches or recesses termed 
circumcmail fosses to be 
found in the neighbour¬ 
hood of the caecum. 
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(«) The ileo-colic fossa (superior ileo-caccal) is formed by a fold of peri¬ 
toneum, the ileo-(!olic fold, arching over the branch of the ilco-colie artery 
which supplies the ileo-coUc junction. The fossa is a narrow chink situated 


FiO. 931.—lloo-oafscal fossa. The (Mreum and ascending colon have been 
drawn outwards and downwards, the ileum upwards and backwards, 
and the ai)pendix downwards. (Poirier and Charjiy.) 



between the ileo-colic fold in front, and the mesentery of the small 
intestine, the ileupi, and the small portion of the caecum behind. (6) The 
ileo-ccBcal fossa (inferior ileo-esecal) is situated behind the angle of junction 
of the ileum and caecum. It is formed by a fold of peritoneum (the 
ileo-caecal fold or bloodless fold of Treves), the upper* border of wJiich 
is attached to the ileum, opposite its mesenteric attachment, while the lower 
border, passing over the ileo-caecal junction, joins the mesentery of the 
appendix, and sometimes the appendix itself; hence this fold has been called 
the ileo-appendicular. Between this fold and the mesentery of the vermiform 
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appendix is the ileo-csecal fossa. It is bounded above by the posterior surface 
of the ileum and the mesentery; in front and below by the ileo-csecal fold, 
and behind by the upper part of the mesentery of the appendix, (c) The 
subccBcal foHsa (retro-csecal) is situated immediately behind the csecum, which 
has to be raised to bring it into view. It varies much in size and extent. In 
some cases it is sufficiently largo to admit the index ^gor, and extends 
upwards behind the ascending colon in the direction of the kidney : in others 
it is merely a shallow depression. It is bounded and formed by two folds : 
one, the parieto-coUc, which is attached by one edge to the abdominal wall 


Fig. 932. —The sub-cuecal fossa. The ileum and csecum are drawn backwards and 

upwards. (Souligoux.) 



from the lower border of the kidney to the iliac fossa and by the other to the 
postero-external aspect of the colon ; and the other, me^enterico-parietal, 
which is in reality tlie insertion of the mesentery into the iliac fossa. In some 
instances the subca*cal fossa is double. 

3. The intersigmoid fossa is constant in the fmtus and during infancy, but 
disappears in a certain percentage of cases as age advances. Upon drawing 
the pelvic colon upwards, the left surface of the pelvic mesocolon is exposed, 
and on it will be seen a funnel-shaped recess of the peritoneum, lying on the 
external iliac vessels, in the interspace between the Psoas and Iliacus muscles. 
Tliis is the orifice leading to the fossa intersigmoidca, which lies behind the 
pelvic mesocolon, and in front of the parietal peritoneum.. The fossa varies 
in size ; in some instances it is a mere dimple, whereas in others it will admit 
the wdiole of the index finger. 

Applied AtutUnny .—Any o£ these fossae may be the site of a retro-peritoneal hernia. 
Tlic circumcaecal fossut are of especial interest, because hernia of Uic vermiform appendix' 
frequently takes place into one of them, and it may there become strangulated. The 
presence of these i>oucheB also explains the course which pus has been known to take in 
cases of i>erforation of the appendix, where it travels upwards behind the ascending colon 
as for as the Diaphragm.*' 


The Stomach 

The stomach is the most dilated part of the alimenta]^ canal, and is 
situated between the end of the cesophagus and the beginning of the small 

* On the anatomy of those fossa, see the Arris and Qale Leetwres by Moynihan, 1899. 
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-Outline of stomach showing its 
anatomical landmarks. 


intestine. It lies more or less horizontally in the epigastric, umbilical, and 
left hypochondriac regions of the abdomen, and occupies a recess bounded by 
the upper abdominal viscera, and completed in front and on the left side 
by the anterior abdominal wall and the Diaphragm. 

The sha'pc and position of the stomach are so greatly modified by changes 
within itself and in the surrounding vis(!e,ra that no one form can be described 
as typical. The chief modifications are determined by (1) the amount of 
the stomach contents, ( 2 ) the stage which the digestive process has reached, 
(3) the degree of development of the 
gastrie musculature, and (4) tlu^ con- 933 .. 

dition of the adjacent intestines. It 
is, however, possible by (lomparing 
a series of stomachs to determine 
certain maikings more or less 
common lo all. 

The stomach presents two open¬ 
ings, two borders or curvatures, and 
two surfaces. 

Openings. -The opening by 
which the (^'sophagus communicates 
with the stomacli is known as the 
cardiac orijicc. and is situated on the 
left of the middle line at the level of 
the tenth thoracic vertebra. The 
siiort intra-abdominal portion of the 
O'sophagus (antrum, cardiacum) is 
(ionical in sluipci and curved shari)ly 
to the left, the base of the cone being continuous with the canliac orifice 
of tl)c stomach. Tlie right margin of the (esophagus is continuous with the 
lesser curvature of the stomach, while the left margin joins the greater 
curvature at an acute angle, ternu^d tlui incimra cardiaca. 

The pyloric orifice communicates u'ith the duodenum, and its position is 
usually indicated on the surface! of the stomach by a circular groove, the 
duodeuo-pyloric amstriction. Tliis orifice lies to the right of tlui middle line 

at th(! level of the uf)per border of the first 



lumbar vertebra. 

Curvatures. — The lesser curvature, ex¬ 
tending between the cardiac and pyloric 
orifices, forms the right or posterior border 
of the stomach. It descends as a continua¬ 
tion of the right margin of the msophagus in 
front of the left crus of the Diaphragm, and 
then, turning to the right, it crosses the first 
lumbar vertebra and ends at the pylorus. 
Nearer its pyloric than its cardiac end is a 
well-marked noUih, the incisura angularis, 
which varies somewhat in position with the 
state of disten.sion of the viscus ; it serves to 
separate the stomach into a right and a left 
portion. The lesser curvature gives attach- 
m(!nt to th{! two layers of the gastro-hepatic 
omentum, and between these two layers are the gastric branch of the coronary 
artery ancl the pyloric branch of the hepatic artery. 

The greater curvature is directed mainly forwards, and is four or five times 
as long as the lesser curvature. Starting from the cardiac orifice at the 
incisura cardiaca, it forms an aresh backwards, upwards, and to the left; the 
liighest point of the convexity is on a level with the sixth left costal cartilage. 
From this level it may be follow'ed dowmw'ards and forw'ards, with a slight 
convexity to the left as low as the cartilage of the ninth rib ; it then turns to 
the right, to end at the pylorus. Directly opposite the incisura angularis ()f 
the lesser curvature the greater curvature presents a*dilatation, the pyloric 
vestibule, which is limited on the right by a slight groove, the sulcus inter¬ 
mediums ; this sulcus is about an inch from the duodeno-pyloric constriction. 


Fm. 934. — Outline of stomach 
at an early stage of gastric 
digestion. 
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The portion between the sulcus intermedius and the duodeno-pyloiio con¬ 
striction is termed the 'pyloric canal. At its commencement the greater 
curvature is covered by peritoneum continuous with tliat covering the front 
of the organ. The left part of the curvature gives attachment to the gastro- 
splenic omentum, while to its anterior portion are attached the two layers 
of the great omentum, separated from each other by the gastro-epiploic 
vessels. 

Surfaces. —Wlien the stomach is in the contracted condition, its surfaces 
are directed upwards and dowmwards respectively, but when the vdscus is 
distended they are directed forwards and backwards. They may therefore 
be described as antero-superior and postcro-inferior. 

Antero-supervrr surface .—^Tlic left half of this surface is in contact with the 
Diaphragm, which separates it from the base of the left lung, the pericardium, 
and the seventh, eighth, and ninth ribs and intercostal spaces of the left side. 
The right half is in relation with the left and quadrate lobes of the liver and with 
the anterior abdominal wall. When the stomach is empty, the transverse 
colon may lie on the front part of this surface. The wiiolc surface is covered 
by peritoneum. 

The postero-injeriw surface is in relation with the Diaphragm, the spleen, 
the loft suprarenal gland, the upper part of the front of the left, kidney, the 
anterior surfac^e of the pancreas, the splenic; flexure of the colon, and t he upper 
layer of the transvcr.se mesocolon. These structures form a shallow bed, the 
fdor ii^ac h heeL on which the viscus rests. The transverse mesocolon separates 
the^ohiacli from the duodeno-jejunal flexure and small intestine. The 
})Ostero-inferior surface is covered by peritoneum, execipt over a small area 
close to the cardiac orifice ; this area is limited by the lines of attachment of 
the gastro-phrenic ligament, and hes in apposition with the Diaphragn>, and 
frociuently the upper portion of the left suprarenal gland. 

Component parts of the aiomach .—The stomach is capable of subdivision into distinctive 
parts, and the divisions may he made on either anatomical or physiological grounds. 

Anatomical mbdiviaions .—A plane passing through the incisura angularis on the lesser 
curvature and the left limit of the opposed dilatation (pyloric vestibule) on the greater 
curvature divides the stomach into a left iMjrtion or body and a right or pyloric portion. 
The left portion of the body is know n as the ./wndjts, and is marked off from the remainder 
of the body by a plane passing through the cai-diac orilicc and a point on the greater 
curvature directly opposite. The pyloric portion is divided into a right ])art, the pyloric 
canal, and a left, the pyloric vestibule, by a plane through the sulcus intermedius at right 
angles to the long axis of this portion (fig. 933). 

PhysiologicMl sulHiivisions .—If the stomach be examined during the process of digestion 
it will be found divided by a muscular constriction into a large dilated left portion, and a 
narrow contracted tubular right [Kjrtion. The constriction is in the body of thestonmeh, 
and does not follow any of the anatomical landmarks ; indeed it shifts gradually towards 
the left as digestion progresses, i.e. more of the body is gradually absorb^ into the tubular 
part. These two portions are known as the fundus and pt/loric portions. It will be seen 
thcreforo that the physiological fundus includes the anatomical fundus and the proximal 
part of the body, while the physiological pyloric portion comprises the distal part of the 
body, the pyloric vestibule and the pyloric canal (fig. 934). 

Position of the stomach .—The position of the stomach varies with the amount of the 
stomach contents and wiUi the condition of the intestines on which it rests. Variation 
in the amount of its contents affects only the physiological fundus^ the pyloric portion 
remaining in a more or less contracted condition during the process of digestion. As the 
stomach fills it tends to expand forwai-ds apd dowmwards in the direction of least resistance, 
but when this is interfere with by a distended condition of the colon or intestines the 
fundus presses upwards on the liver and Diaphragm and gives rise to the feelings of oppres¬ 
sion and palpitation complained of in such cases. His * and Cunningham f have shown 
by hardening the viscera in situ that the contracted stomajil^jJWB a sickle shape, the fundus 
looking du-eetly backwards, llie surfaces are directed upwards and downwards, the 
upper surface havung, however, a gradual downward slope to the right. The greater 
curvature is in front and at a slightly higher level than the lesser. 

The position of the full stomach depends, as ah’eady indicated, on the state of the intes¬ 
tines ; when these are empty the fundus expands vertically and also forwards, the pylorus 
is displaced tow'ards fne right, and the whole organ assumes an oblique position, so that 


• Arehiv fur Anatemie and Phytwlogie, amai. Abth., J90.S. 
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its surfaces are directed more forwards and backwards. The lowest part of the stomadi 
is at the pyloric vestibaie, which reaches to the region of the umbilicus. Where the 
intestines interfere with the downward expansion of the fundus the stomach retains the 
horizontal position which is characteristic of the contracted viscus. 

Exammation of the stomach during life by x-ta,ys has confirmed these findings, and 
has demonstrated that, in the erect postuie, the full stomach usually presents a hook-liko 
appearance, the long axis of the physiological fundus being directed downwards, inwards, 
and forward towards the umbilicus, while the pyloric portion curves upwards to the 
duodeno-pyloric junction. 

Inlertor of the, stomach .—When examined after death, the stomach is usually fixed at 
some temporary stage of the digestive process. A common form is that shown in fig. 935. 
If the viscus be laid open by a section through the plane of its two curvatures, it is seen to 


Eio. 935.—Interior of the stomach. 



consist of two sogmont.s : (a) a largo globular portion on the left and (h) a narrow tubular 
part on the right. These cori-espond to the physiological subdivisions of lundus and 
pyloric portions akoady described, and are separated by a constriction which indents the 
body and greater curvature, but docs not involve the lesser curvature. To the left of the 
cardiac orifice is the incisura cardiaca : the piojoction of this notch into the cavity of the 
stomach increases as the organ distends, and has been Bup})osed to act as a valve preventing 
regurgitation into the oesophagus. Tn the pyloric portion arc scon: (a) the elevation 
coiTesponding to the incisura angularis, and (h) the circular projection from the dnodeno- 
pyloric constriction which forms the pyloric valve. The separation of the pyloric vestibule 
from the pyloric canal is scarcely indicated, but the manner in which the pylorus is 
invaginated into the duodenum is evident. 

" The pyloric valve is formed by-iu reduplication of the mucous membrane 
of the stomach, containing numerous circular muscular fibres, which arc 
aggregated into a j;hick ring. Some of the deeper longitudinal fibres turn in 
and interlace with the circular fibres of the valve. 

Structure.—The wall of the stomach consists of four coats: serous, muscular, areolar, 
and mucous, together with vessels and nerves. 

The serotts coat is derived from the peritoneum, and covers the entire surface of the 
organ, excepting along the greater and lesser curvatures, at the points of attachment 
of the greater and lesser omenta; here the tw'o layere of peritoneum leave a small triangular 
space, along which the nutrient vessels and nerves i)as8. On the posterior surface of the 
stomach, close to the cardiac orifice, there is also a small area uncovered by i)eritoneum, 
where the organ is in contact with the under surface of the Diaphragm. 

The muscular coat (figs. 936, 937) is situated immediately beneath the serous covering, 
to which it is closely connected. It consists of three sets of fibres ; longitudinal, circular, 
and oblique. 

The hngitudiml fibres are the most superficial, and are arraifged in two sets. The tot 
set consists of fibres continuous with the longitudinal fibres of the (esophagus; they radiate 
in a stellate manner from the cardiac orifice and are practically all lost before the pyloric 
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portion is reached. The second set commences on the body of the stomach and posses to 
the light, its fibres becoming moro thickly distributed as they approach the pylorus. 


Fio. 936.—^The longitudinal and circular muscular fibres of the stomach, 
viewed from abote and in front. (Spalteholz.) 



Some ot the more superficial fibi-cs of this set jiass on to tlie duodenum, but the deeper 
fibres dip inwards and interlace with the circular libre.s of the pyloric valve. 


I’lo. 937.—The ob]i(]ue muscular fibres of the stomach, viewed fioni 
aliove and in front. (Sjialtcholz.) 



The circvkir fibres form a uniform layer over the whole extent of the stomach beneath 
the longitudinal fibres. At the pylorus they are most abundant, and are aggregated into 
a drcular ring, which projects into the lumen, and forms, with the fold of mucous membrane 
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covering its surface, the pyloric valve. They are continuous with the circular fibres of the 
cosophagus, but are sharply marked off from the circular fibi’os of the duodenum. 

The oblique fibres are limited chirfly to the cardiac end of the stomach, where they arc 
disposed as a thick uniform layer, covering both surfaces, some passing obliquely from 
left to right, others from right to left, round the cardiac end. 

The-arrolar or submucous coat consists of a loose, areolar tissue, connecting the mucous 
and muscular layers. 

The mucous membrane is thick and its surface is smooth, soft, and velvety. In the fresh 
state it is of a pinkish tinge at the pyloric end, and of a red or roddisli-brown colour over 
the rest of its surface. In infancy it is of a brighter hue, the vnscular redness being more 
marked. It is thin at the cardiac extremity, but tliicker towards the pylorus. During 
the contracted state of the organ it is thro\vn into numerous plaits or rugic, which, for the 
most part, have a longitudinal direction, and arc most marked towards the lesser end of 
the stomach, and along the greater curvature (fig. ft36). These folds are entirely obliterated 
when the organ becomes distended. 

Slriirture of the Mucous Membrane ,—When examined with a lens, the inner surface of 
the mucous membrane presents a peculiar honeycomb appearance from being covered 


Fio. 9.38.—^Pyloric gland. Fio. 939.—Cardiac gland. 



with small shallow depressions or alveoli, of a pol\^onal or hexagonal form, which vary 
from rlrn to gAn of an inch in diameter, and are separated by slightly elevated ridges. In 
the bottom of the a^eoli are seen the orifices of ininute tul)es, the gastric glands, which 
are situated perpendicularly side by side throughout the entire substance of the mucous 
membrane. The surface of the mucous membrane of the stomach is covered by a single 
layer of columnar epithelium ; it lines the alveoli, and also for a certain distance the mouths 
of the gastric glands. This epithelium commences very abruptly at the cardiac orifice, 
where the cells suddenly change in character from the stratified epithelium of the 
oesophagus. 

The gastric glands are of two kinds, (a) pyloric and (6) cardiac or om/ntic glands. Tliey 
are both tubular in character, and are form^ of a delicate basement-membrane, lined by 
^ithelium; the basement-membrane consists of flattened transparent endothelial cells. 
'Jue pyloric glands (fig. 938) are most numeroxis at the pyloric end of the stomach, and 
from Ihis fact have received their name. They consist of twowor tffree .short closed tubes 
opening into a common duct or mouth, the external orifice of which is situated at the 
bottom of an alveolus. Those tubes are wavy, and are abdut equal in length to the 
duct. The tubes and duct are lined throughout with epithelium, the duct being lined 
by columnar cells, continuous with the epitlielium lining the surface of the mucous 
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membrane of the stomach, the tubes with sliorter and more cubical cells which are finely 
granular. The cardiac glands (fig. 939) are found all over the surface of the stomach, but 
I occur most numerously at the cardiac end. Like the pyloric glands they consist of a duct, 
into which open two or more closed tubes. Tlie duct, however, in these glands is shorter 
than in the other variety, rometiraes not amounting to more than one-sixth of the whole 
length of the gland 5 it is lined throughout l)y columnar epithelium. At the point where 
the terminal tubes open into the duct, and which is termed the neck, tlie epithelium altera, 
and consists of short columnar or jiolyhedral, granular colls, which almost fill the tube, 
so that the lumen becoTnes suddenly constrict^, and is continued down as a very fine 
channel. They are known as the chief or rrrdmZ-cells of the glands. Between these cells 
and the basement-membrane, larger oval cells, which stain deeply with eosin, are found ; 
these cells are studded throughout the tube at intervals, giving it a beaded or varicose 
appearance. These arc known as the jxirieUil or oryntic cells. Between the glands the 
mucous membrane consists of a connective-tissue framew'ork, witli lymphoid tissue. In 
])laces, this latter tissue, especially in early life, is collected into little masses, which to 
a (jcrtain extent re.semble the solitary glands of the intestine, and are termed the lenticular 
glands of the stomach. Tliey aro not, liowevor. so distinctly circumscribed as the solitary 
glands. Beneath the mucous membrane, and between it and the submucous coat, is a 
thin stratum of involuntary muscular fibre {miiscithiris mveosm}, which in some jiarts 
consists only of a single longitudinal layer; in others of two layers, an inner ciieular, and 
an outer longitudinal. 

YeiseU and Nerves.—The arteries supplying the stomach are: the gastru!, the j)yloric 
and right ga.stro-ej)iploic br.anches of the hepatic, the left gastro-epiploie and vasa brevia 
from the splenic. They sui)])ly the muscular coat, ramify in the submucous coat, and 
arc finally distiibutcd to the mucous membrane. The arrangement of the vessels in tho 
mucous mcntbranc is somewhat peculiar. 'Fhc arteries break up at the base of tho gastric 
tubules into ajdexus of fine capillaries which run upwards between the tubules, anastomos¬ 
ing with each othcj-. and ending in a j)Ipxuh of lar<:er capillaries, which surround the raoviths 
of the tubes, and also form hexagonal meshes around the alveoli. From these the veins 
arise, and pursue a straight cour.se downwaixls, between the tubules, to the submucous 
tissue; they terminate cither in the splenic and superior mesenteric veins, or directly in 
the portal vein. The lymphatics are numerous : thcyconsistof a supcwficiul andadcoj>set, 
and, paas to the lymphatic glands found along the two curvatures of the organ. Tlie 
nerres are tlii> terminal branches of tho right and left [ineuniogastric, the former being 
distributed u]ion tho back, and the latter iijiou the fjont fiart of the organ. A gre.at 
number of branches from the solar ])lexus of the sympathetic arc also distributed to it. 

Surface Form.— stomach lies for the most, part in the left hypochondriac, region, 
but also slightly in the ejiigastric region, and is jiartly in contacit witli the abdominal wall, 
jiartly under cover of the lower ribs on the left side,, and jiartly under the left lobe of tho 
liver. Its cardiac orifice corrasjionds to the .seventh left costal cartilage, about an inch 
from the sternum. The jiyloric orifice would be jiierced by a needle jias.scd through the 
abdominal w'all, live centimetres (two inches) ladow the junction ot the right seventh 
costal cartilage with the sternum, to tlie disc between the last thoracic and the first lumbar 
vertebra (Macalister), The fundus of the stomach reaehes as high as the level of the 
sixth costal cartilage of the left side, being a little below and behind the apex of the heart. 
Tlie portion of tin' stomach w'hich is in contact with the abdominal wall, and is therefore 
uccessilile foi" opening in the ojieriitions of gastrotomy and gastrostomy, is represented 
by a triangular- sjiace, the ba.se of which is formed by a line drawn from the tiji of the 
tenth costal cartilage on the left side to the tiji of the ninth costal cartilage on the right, 
and the sides by two lines drawn from the extremity of the eighth costal cartilage on the 
left aide to the ends of the base line. 

Applied Anatomy .—Ojicrations on the stomach are frequently performeil. By 
‘ gastrotomy ’ is meant an incision into the stomach for the removal of a foreign body, 
the opening being imrnetliately afterwards closed—in c.ontradistinction to ‘ gastrostomy ’ 
the making of a more or less jiermanent fistuloii.s opening. Gaslrotmny is jrrobably best 
jierformcd by an incision in the linea alba, esjiecially if tho foreign body be large, by a cut 
from the ensiform cartilage to the umbilicus; but may be jicrformed by an incision over 
the foreign body itself, where this can be felt, or by one of the incisions for gastrostomy 
mentioned below. Tlie jieritoneal cavity is ojiened, and the jioint at which tlic stomach 
is to be incised decided upon. This jiortion is then brought out of the abdominal wound, 
and sjionges are carofullj' packed round it. The stomach is now ojiened by a transverse 
incision and tho foieign body extracted. Tlvo wound in tho stomach is then closed by 
Leral>ert’.s sutures, i.e. by sutures jiassed through tho peritoneal and muscular coats in 
such a way that the jieritoneal surfaces on e.ach side of the wound are brought into apposi¬ 
tion. In gustrosknuy the incision is commcnccsl ojijiosite the eighth loft intercostal sjiace, 
two inches from the nudian line, and carried downwards for three inches. By this incision 
the fibres of the Rectus muscle arc exposed, and these are sejiarated in the same line. The 
posterior lawyer of the .shea/h, the Transversalis muscle and fascia, and the jieritonoum arc 
then divided, and the jieritoneal cavity ojiened. The anterior wall of tho stomach is now 
seized and drawn out of the wound, and a silk suture jiassed through its muscular and serous 
coats at tlie jioint selected for opening the viscus. This is held by an assistant so that a 
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long conical diverticulum of the stomach protrudes from the external wound, and tho 
parietal peritoneum and the posterior layer of the sheath of tl>o Rectus arc sutured to it. 

A second incision is made through the skin, over the margin of the costal cartilage, above ^ 
and a little to tlte outer side of the first incision. A track is made under the skin tlurough 
tho subcutaneous tissue from the one opening to tlio oilier, and the diverticulum of the 
stomach is drawn along this track by moans of tho suture inserted into it, so that its apex 
apjiears at the second opening. A small perforation is now made into the stomach through 
this protruding apex, and its margins are carefully and accurately sutured to the edge of the 
external wound. The remainder of this incision and the whole of the first incision arc then 
closed in tho ordinary way and the wound diessed. 

In cases of gastric ulcer perforation sometimes takes place, and this was formerly 
regarded as an almost fatal complication. In the present day, by opening the alxiomeii 
and closing the iHsrforation, which is generally situated on the anterior surface of the 
stomach, a considerable number of cases are cured, provided the operation is done not 
longer than twelve or fifteen hours after tho perforation has taken place. The ojicning is 
licst closed by bringing the peritoneal smfaces on cither side into apposition by means 
of Lembert’s sutures. 

Excision of tlic pylorus has occasionally been performed, but the results of this 
o])ej-ation arc by no means favourable, and, in cases of cancer of the pylorus, before 
operative proce^ings are undertaken, tho tumour has become so fixed and lias so far 
implicated surrounding parts that removel of tho pylorus is impossible and gastro¬ 
enterostomy has to be substituted. The oiijcct of this operation is to make a fistulous 
communication betwcofl the stomach, on the cardiac side of tlie disease, and the .small 
intestine, as high up as is possible. In cn.ses of cancer of the stoinoeh involving other parts 
than tho pylorus, the question of mnoTing the whole or greater part of the stomach has to 
bo considered. This opei'ution has been performed by Schlatter and others with success. 

Hypertrophy and spasm of the circumferential muscular coat of tho jiylorus uoming 
on during the first few weeks or month.s of life, and somewhat erroneously doscriheil as 
congenital hypertrophic slenosin of the pylorus, is a rare hut serious tlisordor of infancy. It is 
eliaracteriscd i)y alxlominal pains and ol)siinate vomiting coming on after footl has liecn 
given, and gastric peristalsis can ho observed by insj>ectioii of the child’s epigastrium after 
it has been fed and before vomiting has occurred. Progressive wasting for want of 
nourishment, and death from exhaustion, tend to ensue. Treatment should be by washing 
Old. llio stomaeb, and the administration at frequent intervals of small tiuantitie-s of easily 
digested food, so as to minimise irritation of the gastric mucous membrane. Surgical 
interference — jtyloroplasty or ))ylorectODiy — entailing a severe o[»eration, gives leas 
favourable results. 

The stomach is seldom ruptured from externid violence, on account of ite jirotectcd 
position. If it ocenrs. it is when tJie organ is distendi-d with fowl. Tlie .stomach is some¬ 
times injured in gunshot wounds. Thei-c is intense shock and severe pain, localised at first 
at the, seat of the injury, but soon radiating over the whole abdomen. The treatment 
consists in opening the poritone.al cavity, clearing away all the extruded contents wf the 
stoinach, and repairing the rent. 

Thk Small Inte.stine (Inte.stinum tende) 

The small intestine is a convoluted tube, extending from tlie pylorus to 
the ileo-eieeal valve, wheue it toruiinates in the large intestine*. It is about 
twenty feet in lengtli,* and gradually diminishes in size from its commenee- 
rnent to its termination. It is contained in the central and lower parts of the 
abdominal cavity, and is surrounded above and at tlie .sides by tlie largo 
intestine ; a portion of it extends below tli^ brim of the pelvis and lies in 
front of the reeluiti. It is in relation, in front, with the great omentum and 
abdominal parietes, and is eonneeted to the vertebral column by a fold of peri¬ 
toneum, tho mesenteiy. I’he small intestine is divisible into tliree portions : 
the duodenum, the jejunum, and ileum. 

Tho duodenum (figs. 940, 970) has received its name from being about 
equal in length to the breadth of twelve fingers (ten inches). It is the shortest, 
the widest, and tho most fixed part of the small intestine, and has no mesentery, 
being only partially covered by peritoneum. Its course presents a remarkable 
curve, somewhat of the shape of an imperfect circle, so that its termination is 
not far removed from its starting-point. 

* Troves states that, in (nic huntired cases, tho average length <9£ the small intestine in (he 
adult male was 22 feet 6 inches, and in the adult female 211 feet 4 inches ; but that it varies 
very much, the extremes in the male being 31 feet 10 inches in onl case, and L5 feet 6 inche.s 
in another, a difference of over 15 feet. He states that he has convinced himself that the 
length of the bowel is independent, in the adult, of age, height, and weight. 
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In tlio adult the eourse of the duodenum is as follows : commencing at 
the pylorus it passes backwards, upwards, and to the right, beneath the quadrate 
lobe of the liver to the neck of the gall-bladder, varying slightly in direction 

Fig. 940.—Relatione of duodenum, pancreas, and spleen. 

(From a cast by Birmingham.*) 
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The dotted linos i-epresent the attachment of the tranavorso mesocolon. 

according to the degree of distension of the stomach : it then takes a sharp 
curve and descends alpng the right margin of the head of the pancreas, for a 
variable distance, generally to the level of the upper border of the body of the 

* 111 the subject from which the cn.st was taken the left kidney was lower than normal. 
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fourth lumbar vertebra. It now takes a second bend, and passes from right to 
left across the vertebral column, having a slight inclination upwards ; and on 
the left side of the vertebral column it ascends for about an inch, and then 
terminates opposite the second lumbar vertebra in the jejunum. As it unites 
ivith the j<^junum it turns abruptly forwards, forming the duodeno-jejutuil 
Jlexure. From the above description it will be seen that the duodenum may 
be divided into four portions : superior, descending, transverse, and ascending. 

Relations. —The first or superior portion is about two inches in length. 
Beginning at tlie pylorus, it ends at tl>e neck of the gall-bladder. It is the 
most movable of the four portions. It is almost completely covered by 
peritoneum derived from the tw'o layers of the lesser omentum, but a small 
part of its posterior surface near the nock of the gall-bladder and the infenor 
vena cava is uncovered. It is in sucdi close relation with the gall-bladder 
that it is usually found to bci stained by bile after death, especially on us 
anterior surface. It is in relation above and in front with the quadrate lobe 
of tjie liver and the gall-bladder ; behind with the gastro-duodenal artery, the 


Fro. 1)41.—Interior of a portion of the duodenum, lowing bile papilla. 



common bile-duct., and the portal vein ; and b(*low with the liead and neck of 

the pancreas. • , • i 

The second or descending portion is between three and four inch(‘s in lengtJi, 
and extends from the neck of the gall-bladder on a level with the first lumbar 
vertebra along the right side of the vertebral column as low as the upper border 
of the body of the fourth lumbar vertebra. It is crossed in its middle third 
by the transversif colon, the postmior surface of wiiicli is uncovered by 
peritoneum and is connected to the duodenum by a small quantity of con¬ 
nective tissue. The portions of the descending part of the duodenum above 
and below this interspace are named the supra- and infra-colic portions, and 
are covered in front by peritoneum ; the infr<a-colic part is covered by the 
right leaf of the incs(mtery. Fostcriorly the descending portion of the 
duodenum is not covered by peritoneum. It is in relation, in front, with the 
transverse colon, and above this with the liver ; behind, with the inner part 
of the right kidney to wiiich it is connected by loose areolar tissue, the renal 
vessels, the vena cava inferior, and the I^soas magnus below ; at. its inner side 
is the head of the pancreas, and the common bile-duet; to its outer side is 
the hepatic flexure of the colon. The common bile-duct and the pancreatic 
duct perforate the inner side of this portion of the intestine obli(^uely, some 
three or four inches below' the pylorus (fig. 941). The relations of the seemnd 
part of the duodenum to the right kidney present considerable variations. 
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The third or transverse 'portion (pre-aortic portion) is from two to three 
inches in lengtli. It commences at the right side of the upper border of the 
fourtli lurnbar vertebra and passes from right to left, with a slight inclination 
upwards, in front of the great vessels and crura of the Diaphragm, and ends in 
the fourth portion in front of the abdominal aorta. It is crossed by the 
superior mesenteric vessels and the mesentery. Its front surface is covered 
by peritoneum, except near the middle lino, wiicre it is crossed by tlic superior 
mesenteric vessels. Its posterior surface is uncovered by peritoneum, 
exccj>t towards its left extrcimity, where tlie posterior layer of the mesentery 
may sometimes be found covering it to a variable extent. This surface rests 
upon the right crus of the Diapliragm. the vena cava inferior, and the aorta. 
The upper surface is in relation witli tlic lioad of the pancreas. 

Tlic fourtli or ascending ]x>riion of the duodenum is about an incli in Icngtli. 
It. ascends on tlic hift .side of the aorta, as far as the level of the upper border 
of the second lumbar vertebra, where it turns abrujitly forrvards to beisornc 
the jejunum, forming the dimlrno-jejvnaljfcxure. It lies in front of the left 
Psoas muscle and left I'cnal vessels, and is covei’cd in front, and partly at the 
sides, by peritoneum continuous with the left portion of the mesentery. 

The first jiart of tin* duodenum, as stated above, is sonunvhat movable, 
but the rest is practically fixt*d, and is bound down to neighbouring vis(;era 
and t he posteiior abdominal wall by the peritoneum. In addition to this, the 
fourth part of the duodenum and the duodeno-jcjunal flexure are fixed by a 
structure to which the name of muscvlus sus^iensorius duodeni has been given. 
This structure commences in the connective li.ssue around thc! cu'liac axis and 
left crus of the Diaphragm, and passes dowmwards to bo inserted into the 
su])erior border of the duodeno-jejunal e-urve and a jiart of the ascending 
duodenum, and from this it is continued into the mesentery. It possess(*s. 
according to Treitz. jilain muscular fibres mixed with the fibrous tissui' of 
which it is principally made uji. It is of little impoi-tanci' as a muscle, but acts 
as a suspensory ligament. 

Vessels aad Nerves.—Tlic arlc/ies siijiplviag tin* duodenum arc (lie pylorii! and superior 
jianoreatico-diiodeiml blanches of tlic liejiatic, and the inferior pancrcatico-duodcnal branch 
of the superior inesenfcric. 'Jlie veins terminate in the ajilenic and superior mesentei'ic. 
The nerves are derived from the .solar ))lcxn.s. 

Jejunum and ileum. —The remainder of the small intestine from the 
termination of the duodenum is named jejunum and ileum ; the former term 
Ix'ing given to the ujiper two-fifths and the latter to the lower three-fifths. 
There is no morphological line of distinction between the two, and the division 
is arbitrary ; but at the same time it must be noted that the character of the 
intestine gradually undergoes a change from the (lommencemcnt of the jejunum 
to the termination of the ileum, so that a ]»ortion of the bowel taken from these 
two situations would presimt charactiiristic and marked diflenmccs. These 
arc briefly as follows. 

The 7V/«H.«.7ft(intestimim jejunum) is wider, its diameter being about an inch 
and a half, and is thicker, more vascular, and of a deeper colour than the 
ileum, so that a given length wsighs more. Its valvuhw conniventes are large 
and thickly set, and its villi are larger than in the ileum. The glands of 
Poyer are almost absent in the upj)er ]>art, of jejunum, artd in the lower i)art 
ar<>. less frerpiently found than in the ileum, and arc smallei- and tend to assume 
a circular form. By grasping the jejunum between the finger and thumb the 
valvulic comiivcnb^s can be felt through the walls of the gut; these being 
absent, in tlic lower part of the ileum, it is jiossible in this way to distinguish 
the upfier from the lower part of the small intestine. 

The i7c«w. (intestinum ileum) is narrow, its diameter being an inch and a 
quarter, and its coats thinner and less vascular than those of the jejunum. 
It posisesses but few valvulai conniventes, and they are small and disapiiear 
entirely towards its lower end, but Peyer’s patches arc larger and more 
numerous. Tlui jbjunum for the most part oceu])ies the umbilical and left 
iliac regions, while the^ilcum occupii^s chiefly the umbilical, hypogastric, right 
iliac, and pelvic regions. Its terminal part usually lies in the pelvis, from 
wliich it ascends over the right iliac vessels and Psoas muscle ; it ends in the 
right iliac fossa by opening into the inner side of the commencement of the 
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large intestine. TJie jejunum and ileum are attached to the posterior abdominal 
wall by an extensive fold of peritoneum, the mesentery, wliich allows the freest 
motion, so that each coil can accommodate itself to changes in form and 
position. The mesentery is fan-shaped; its posterior border or root, about 
six inches in length, is attached to the posterior abdominal wall from the left 
side of the body of the second lumbar vertebra to the right iUao fossa, crossing 
successively tlie third part of the duodcuiuni. the aorta, the inferior vena 
cava, the ureter, and right Psoas muscle (fig. 927). Its breadth between its 
vertebral and intestinal borders is about eight inches, and is greater in the 
middle tlian at its upper and lower extremities. Accoiding to Lockwood it 
tends to increase in breadth as age advances. Between the two layers of 
Avhicli it is composed are contained blood-v(!ssols, nerves, lactcals. and lymphatic 
glands, together nitlj a variable amount of fat. 

dioertifuliiM .—This consists of a pouch wliich projects from the lower part 
of I ho ilcuiu in about 2 per cent, of subjects. Its average position is about three feet above 
the ilco-ca'cal valve, and its average length about two inches. Its calibi'c is generally 
similar to that of the ileum, and its blind extremity may he free or may he eonnecleil with 
the abdominal wall or with some other jKirtion of the intestine by a iibroiis hand. It 
rciiresents the remains of the proximal part of the viteliinc or omiihalo-inesentcric duct, 
the duet of communication between the y.^lk sac and the ahmetitary canal in early fcctal 
life. 

Structure,—The wall of the small intestine is composed of four coats : serous, muscular, 
areolar, and mucous. 

The serous cool is derived from the ])ej'itoneura. The first or a,sccniling portion of the 
duodenum is almost completely surrounded by this membrane near its pyloric end, hut is 
only covered in front at the other extremity ; the second or descending jiortion is covered 
by it in front, except whej'c it, is cai'ried off by the transverse colon; and*the third or 
transverse |>ortion lies behind the jjcritoneurn, which passes over it, without being 
closely ineorjxiratcd with the other c,oat8 of this part of the intestine, and is separated from 
it in and near the middle line by the sujvcrior mesentci-ii! vessels. The remaining portion 
of the small intestine is surrounded by the peritoneum, excepting along its atlachotl or 
mesenteric boidcr ; here a s])n(;c is left for the vessels and nerves to pass to the gut. 

The Miisciildr cool eonsisis of two layers of filu'cs, an external, longitudinal, and an 
intcrunl, eireiilar layer. The lorujiludimd fibres aro tliinly scattered over the siu’facc of 
the intestine, and ai'e more distinct along its free hordt'r. The circuhtr fibres iorm a thick, 
uniform laycj', and are eomjio.sed of ])lain rausole-cclls of considerable length. The 
muscular coat is tliieker at the upper than at the lower j)art of the small intestints. 

The ureolfir or stibinneons coat connects (x)getlicr the mucous and muscular layers. It 
consists of loose, filamentous areolar tissue (jontaining bloo<l-vessels, lymphatics, and 
nerves. 

The miieotis membrane is thick and highly vascular at the upper part of tlie small 
intestine, but .somewhat paler and t-hinnej- below. It (lonsists of the following structures : 
next till' areolar or submucous Coat is a layer of longitudinal unstriped muscular fibre,s, 
the vniseidaris viiicosw; internal to this is a ((uantity of retifoiin li.s.sue, enclosing in its 
juc.shes lymph-corpuscles, and in whieli the blood-vessels and nerves ramify ; lastly, a 
basement-membrane, supjiortiiig a .single layer of ejjilheliul cells, wliicli throughout the 
intestines arc columnar in characler. The cells are granular in appearance, and each 
jiosscsscs a clear oval nucleus. At their Hii))erlleial or iinatlatliod ends they present a 
distinct layer of highly rofrae.liug material, marked by vertie.ul stria' (the striated border). 

The mucous membrane i)re.senls for examination the following structures, contained 
within it or belonging to it: 

• 

Valvuke conniventes. | Duodenal glands. 

Villi. Glands ' Solitary glands. 

Simple follicles. I Boyer’s or agminated glands. • 

The valvulae conniventes or valves of Kcrkring (plioie eircularos) are large folds or 
valvular flaps pi ojectiiig into the lumen ot the bow el. 'J’hey are composed of reduplications 
or folds of the miuious membrane, the two layers of the fold being hovind together by sub¬ 
mucous tissue; unlike the folds in the stomach, tliey are permanent, and are not obliterated 
when the intestine is distended. The majority e.xtcnd transveisely across tho cylinder ol 
the intestine for about one-half or two-thirds of its circumference, b\it some form com])lete 
circles, and others have a spiral diicelion ; the latter usually extenj a little moi c than onc-e 
round the bowel, but occasionally two or Uiree times. The largin' folds arc al)out onc-lliird of 
an inch in depth at* their broadest part; but the greater nunrber are of smaller size. The 
larger and smaller folds alternate with each other. They are not found at the commencement 
of the duodenum, but begin to appear almut one or two inches beyond the pylorus. In 
the low'er part of the descending portion, below the point where the bile and pancreatic 
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ducte enter the intestine, they are very large and closely approximated. In the transverse 
portion of the duodenum and upper hall of the jejunum they are large and numerous, but 
from this point, donm to the middle of the ileum, they dinunish considerably in size. In 
the lower part of the ileum they almost entirely cUsappear; hence the comparative thinness 
of this portion of the intestine, as compared with the duodenum and jejunum. The 
valvulse conniventes retard the passage of the food along the intestines, and afford an 
increased surface for absorption. 

The villi (villi intestinales) are highly vascular processes, projecting from the mucous 
membrane of the small intestine tliroughout its whole extent, and giving to its surface a 
velvety appearance. They are largest and most numerous in the duodenum and jejunum, 
and become fewer and smaller in the ileum. 

Structure of the villi (figs. 942, 943).—The essential parts of a villus are: the lacteal 
vessel, tlic blood-vessels, the epithelium, the basement-membrane, and muscular tissue 
of the mucosa, all being supported and held together by rctiform lymphoid tissue. 


h’lo. 942.—Diagrammatic section of a villus. (Watney.) 



m. 


i-p. Epithelium only purliiUIy fihadnd in. I, Central chylC’Tcsticl; tiio ccUb lorming tlin vcaeol have been lees 
hhaded tu tliein from liit* (‘elU of the parencliynia of the villns. m, Muscle-hbres runiimg up by 

tljc Bide of the cl>,>le<Te8.stI. It will bu noticed Hint cacli muHcle-libre is surrounded by tlic rctinihun, and 
by Uiis reticuluin the muBf'U'B an* nitacln'd to the cells forming tlie membrnua proxiria, as at c', or to 
tlu* n'tinilum of the viUuh. Xc. Lyinph-curpURCk'B, innrkod by u spherical nucleus and a dear leoneof 
jirolopla'^m. V. I pprr limit of the diyio>Ycs$Bol. t\ r'. Cells fanning tlie iiicinbraiia propria. It will 
bu SUCH that theri' is hardly any difTcronce behveun the cells of Uio pareiichymu, tiio eiuluthcliiim of thu 
«/»pff port ol tlie dole-Acsael, and the cellB of the membrana propria. V. lilood-vcssols. t. Dark hue at 
the base of the epiUiehum formed by the reticulum. It will be seen that the reticulum penetrato* 
between all tlie otlicr elcmenU of the villuB. 'Jiie reticulum contains thickeningB or ''nodal points.’ Tlie 
diugi'um shows that the cells of the upper ])urt of tlie villus are larger and contain a larger zone of 
protoplasm than lliubc of the lower part. ’J'be cells of the upper part of tlic chylc-vesBcl ditfer soiiiowhat 
frmii those of Hie iowoi i>art, in thnt they more nearly ri*Hernble the cella of the parcnchyina. 


Thm* slruetiircs arc arranged in the following manner. Situated in the centre of the 
villus is the lacteal, lerniinating near Ihc summit in a blind extremity; running along 
this vessel arc uiistriped muscular fibres; surrounding it is a plexus of capillary vessels, 
the whole being enclosed by a basement-membrane, and eovcre<l by columnar epithelium. 
Those slniclures which are contained witliin tho basement-membrane—namely, the 
lacteal, the muscular tissue, and the blood-vessels—'are surrounded and enclosed by a 
delicate reticulum w'hiah forms the matrix of the villus, and in the meshes of which are 
found large flattened cells* each with an oval nucleus, and, in smaller numbers, 
lymph-corpuscles. Nerve-ljbres are contained within the villi; they form ramifications 
throughout tho reticulum. 

The lacteals are in some cases double, and in some animals multipla Situated in the 
axis of flie villi, they commence by dilated c.t'cal extremities near to, but not quite at, the 
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pmmit of the villus. The walls are comiwsed of a single layer of endothelial cells, the 
interstitial suhstance between the cells being continuous with the reticulum of the matrix. 



Fio. 944.—Longitudina] section 
of cryi)lR of Ijieberkuhn. 
Goblct-cclls seen among the 
columnar epithelial cells. 
(Klein and Koble Smith.) 


Fi(j. 94.'>.—^'J’ransverse section of crypts of 
Lieherkiihn. (Klein and Noble Smith.) 




'Ilu* wnsrular jihrets arc derived from 
the muscularis mucosie, and are arranged 
in longitudinal bundles aiound the lacteal 
vessel, extending iiom the base to the 
summit of the villus, and giving olT, 
laterally, individual muscle-cells, which 
are encloseel by the reticulum, and by 
it are attached to the basement-mem¬ 
brane. 

'i^hchltMxl-rebsds form a j)lexusbetween 
the lacteal and the basement-membrane, 
and are enclosed in the reticidar tissue. 
In the inteiwUcos of the capillary plexus 
are contained the cells of the villus. 

These sfructures are surrounded by the 
basement-membrane, which is made up of 
a stratum of endothelial cells, and upon 
this is placed a layer of columnar epithe¬ 
lium. Ilie rcficulum of the matrix is con¬ 
tinuous through the basement-meml)rnne 
(that is, through the interstitial substance between the individual endothelial cells) with the 
interstitial cement-substance of the columnar cells on the surface of the villus. 
are enabled to trace a direct continuity between the interior of the lacteal and the surface of 
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the villus by moans of the reticular tissue, and it is along this path that the chyle passes 
in the process of absorption by the villi. That is to say, it passes first of all into the 
columnar epithelial cells, and, escaping from tlicm, is carried into the reticulum of the 
villus, and thence into the central lacteal. 

The simple follicles, or crypia of Lieberkiihn (gl. intestinales) (figs. 944, 946), are found 
in considerable numbers over every part of the mucous membrane of the small intestine. 


Fia. 949.—Lymphoid nodule. 


Capsule 



947.—Patch of T’eyer’s glands. 
From the lower part of the ileum. 


They consist of minute tubular dcpie.ssion8 of the mucous membrane, arranged perpen¬ 
dicularly to till' siiriacc, ujmn which they opem by small circular apertures. They may be 
seen with the aid of a lens, their orifices api)caririg as minute dots scattered l)etwecn 
tlie villi. I'heir ■walls are thin, consisting of a basement-membrane lined by columnar 
epithelium, and coveredjon their exterior by capillary vessels. 

Tlie duodenal or Brunner’s glands (gl. duodcnales) 
are limited to the duodenum, and ai'c found in the 
submucous areolar tissue. They arc largest and 
most numerous near the ])ylorus. forming an almost 
com)tlctc layer in the iirst and uji])er half of the 
second )) 0 )'lions of the duodenum. They then begin 
t») diminish in number, and ])ractically diaaj)pcar at 
the junction of the duodemim and jejunum. Tlrey 
aro small (iomjmund acino-tubul.'ir glands, consisting 
of a number of alveoli lined by short columnar 
cpitlu-Hum and opening by asingloduct on the inner 
suiH'acc of the intestine. 

* The solitary glands (noduli lymphatici solitarii) 
(lie. 949) are found scattere<l throughout the mucous 
membrane of the small intestine, but are most 
numerous in the lower i^art of the ileum. They arc 
small, round. lyinj)hoid nodules ; their free surfaces 
are covered with rudimentary villi, excej)t at the, 
summit, and each gland is surrounded by the open¬ 
ings of the follicles of IjieberkiUin. Each consists 
of a dense interlacing retiform tissue closely packed 
with lymph-coriiusclo.s, and permeated with an 
abundant capillary network. Tlie interspaces of Iho 
retiform ti.ssne arc continuous with larger lymph- 
Hjmees whkh siuround the gland, through which they (iommunicatc ■with the lacteal system. 
Ihey are situated pai\.ly in the submucous tissue, j)artly in the mucous membrane, wliero 
they form slight projections of its ejathelial layer, after having i)enetratcd the muscularis 



mueosiB. > 

Payer’s glands (noduli lymjjhatici aggregati) (tigs. 947 to 949) may bo regarded as 
aggregations of solitary glands forming cirevdar or oval patches, from twenty to thirty in 
number, and varying in length from half an inch to foiu- inches. They are largest and 
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most numerous in the ileum. In the lower part of the jejunum they are small, circular, 
and few in number. They are occasionally seen in the duodenum. They are placed 
lengthwise in the intestine, and are situated in the portion of the tube most distant from 


Fio. 948.—^Vertical section of one of Foyer’s f)atches fiom man. 
injected tlirough its lymphatic canals. 



a. \ illi witU Hii-ir cli3lt!-iustiai?cis. b. KoUiclcs of Ijcliorkiiliii. c. Mii«fiil.iris mtioosa'. (f. t'lipuTu or a]>e\ of 
HoliUi! V ghiiulH. (. Mesial 7.011c of glands. /. iioso of glands, q, Points of exit of tUc obylc-TiuKHngf's from 
Uie villi, mill outram’c into ilto true imieouij tiiembrai)F. A. itetiforjii arrangement of tlio lymphata^ iii 
the mesial /oik*. 7. (.'uiirsv of llio latlnr at tlic base of tlic glamis. k. Conliiicncc of tiu: lymiihaUcs 
o[ioiiifig into the vos 8 c 1 s ol tlic fliibniucoiLS tissue. L 1'’oliK‘nlar tissue of the latter. 


tlio attachment of tlu* mesentery. Eacfi j)alcli is formed of a grouj) of solitary glands 
covered with nnicous mc'mbrane, but. the )iatches do not. as a rule, possess villi on their 
lice surfaces. I'hey arc best marked in the young subject, bcfiomc indistinct in middle 
age. and sometimesdisaj.jiearaltogetlier in 

Fig. 949.—Transverse section llirouifb the 
equatorial plane of three of Foyer’s follicles 


from the rabbit 

J 


Capillanj netwarli 


advanced life. They are freely supplied 
with blood-vessels, which form an al.iiii- 
dant j.le.’cus around each follicle and give 
o(T line branebes wbicli permeate the lym- 
})hokl ti.ssue in the interior of the follicle. 

The lynqiliatic jile.vuscs aie especially 
abundant around these j)atehes (fig. i)4S). 

Vessels and Nerves.—The jejunum and 
ileum are sujtplied by the stiiierior 
mesenteric artei'y. the brandies of w'bicli, 
li.aving readied the attached liorder of the 
bowel, run between the serous and mus¬ 
cular coats, with fivqucnt inosculations to 
tliofree border, where they also anastomose 
witli other branches ninnirig round the 
ojijiositc surface of the gut. From these 
vessels numerous t.ranches are given oil, 
which picnic the musculai' coat, supply¬ 
ing it and forming an intricate jilexus in 
the submucous l.i.s.sue. From thi.s plexus 
minute vessels jiasa to the glands and villi 
of the miieous membrane. The veins 
have a similar coiu’sc and aiTaugement to 
the ai’leries. The lym}>h<itics of the small 
intestine (lactcals) are arranged in two 
sets, those of the mucons meniliranc and 
those of the muscular coat. 'The Ijunjili- 
atics of the villi commence in these struc¬ 
tures in the manner described above, and 

I'onn an intricate plexus in the mucous and submucous tissue, being joined by the 
lymphatira from the lymph-spaces at the bases of the solitary glands, and tiom tliis jiass 
to larger vessels at the mesenteric border of the gut. Tlic lymfiliaties of the muscular coat 
are situated to a great extent between the two layers of muscular libres, wlicre they fonn a 



nr 




1148 


SPLANCHNOLOGY 


close plexus, and throughout their course communicate freely with the lymphatics from the 
mucous membrane, and empty themselves in the same manner into the origins of the 
lacteal vessels at the attached border of the gut. 

The nerves of the ffmaU intestines are derived from the plexuses of sympathetic nerves 
around the superior mesenteric artery. From this source they run to a plexus of nerves 
and ganglia situated between the circular and longitudinal muscular fibres {Auerbach’s 
plexus), from which the nervous branches arc distributed to the muscular coats of the 
intestine. From this plexus a secondary plexus {Meissner’s plexus) is derived, and is formed 


Fjq. 950.—Meissner’s plexus. (Klein and Noble Smith.) 



by branches which have i)erforuted the circular muscular fibres (fig. 950). Tliis plexus 
lies between the muscular and mucous coats of the intestine; it also contains ganglia 
from which nerve-fibres pass to the rauscularis mucosijj,and to the mucous membrane. 

The Larue Ijjtestine (Intestinum crassum) 

The large intestine extends from the termination of the ileum to tlie anus. 
It is about five feet in length, being one-fifth of tlte whole extent of tlie 
intestinal canal. It is largest at its commencement at the crncum, and gradually 
diminishes as far as the rectum, where there is a dilatation of considerable size 
just above the anal canal. It differs from the small intestine in its greater calibre, 
its more..fixed position, its sacculated form, and in possessing certain appendages 
to its external coat, the appendices cpiploicce. Further, its longitudinal mus¬ 
cular fibres do not form a continuous layer around the gut, but are arranged 
in three longitudinal bands or tasnim. The largo intestine, in its course, 
describes an arch which surrounds the convolutions of the small intestine. 
It commences in the right iliac region, in a dilated part, the ccecum. It ascends 
through the right lumbar and hypochondriac regions to the under surface 
of the liver; it here takes a bend (the hepatic flexure) to the left, and passes 
transversely across the abdomen on the confines of the epigastric and umbilical 
regions, to the left 'hypochondriac region; it then bends again (the splenic 
flexure), and descends through the left lumbar region to the loft iliac fossa, 
where it becomes convoluted, and forms the sigmoid flexure ; finally it enters 
the pelvis, and descends along its posterior w'all to the anus. The largo 
intestine is divided into the caecum, colon, rectum, and anal canal. 
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The caecum (intestinum caecum), the commencement of the large intestine, 
w the large bUnd pouch situated below the ileo-caecal valve (fig. 961). Its 
blind end is directed downwards, and its open end upwards, communicating 
directly with the colon, of which this blind pouch appears to be the beginning 
or liead, and hence the old name of caput execum eoli was applied to it. Its 
size is variously estimated by different authors, but on an average it may bo 
said to be two and a half inches in length and three in breadth. It is situated 
in the right iliac fossa, above the outer half of Poupart’s liganient: it rests on 
the Ilio-psoas muscle and lies immediately behind the anterior abdominal 
wall. As a rule, it is entirely enveloped by peritoneum, but in a certain 
number of cases (6 per cent., Berry) the peritoneal covering is not complete, 
so that the upper jjart of the j)osterior surface is uncovered and connected to 
the iliac fascia by connective tissue. The caecum lies quite free in the abdomina 1 
cavity and enjoys a considerable amount of movement, so that it may become 
herniated down the right inguinal canal, and has occasionally l)een found in 
an inguinal liernia on the left sidci. The cajcum varies in sliap(\ but, according 
to Treves, in man it may bo classified under on(f of four types. In early 


Fro. 9.51.—The oaeoum and appendix, with their .arteries. 



foetal life it is sliort, conical, and broad ^t the base, with its apex turned 
upwards and inwards towards tlui ilco-cajcal junction. It then resembles 
the ciecura of sqjne monkeys, (i.g. mangabey monkey. As the fmtus grows 
the cajcum increases in length more than in breadth, so that it forms 
a longer tube than in the primitive form and witliout the broad base,, 
but with the same inclination inw'ards of the apex tow'ards tlie iloo-csecal 
junction. This form is seen in other monkeys : e.g. the spider monkey. 
As development goes on, the lower part of the tube ceases to grow and 
the u})per part becomes greatly increased, so that at birth there is a narrow 
tube, the vermiform appendix, han^ng from a conical projection, the caecum. 
This is the infantile form, and as it persists throughout life in about 2 per 
cent, of cases, it is regarded by Treves as the first of his four typos of 
human caeca. The caecum is conical and the appendix •rises from its aj)ex. 
The three longitudinal bands start from the appendix and are equidistant 
from each other. In the second type, the conical caecum has become quadrate 
by the growing out of a saccule on either side of the anterior longitudinal band. 
These saccules are of equal size, and the appendix arises from between them. 
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instead of from tlio apex of a cone. This type is found in about 3 per cent, of 
cases. The third type is the normal type of man. Here the two saccules, 
which in the second typo were uniform, have grown at unequal rates: the 
right with greater rapidity than the left. In consequence of tliis an apparently 
new apex has been formed by the growing downwards of the right saccule, 
and tlie original apex, Mith the appendix attached, is pushed over to the left 
towards the ileo-caecal junction. 1’iie three longitudinal bands still start from 
the base of the appendix, but they are nfl^^■ no longer equidistant from each 
other, because the right saccule has grown between the anterior and postero¬ 
external bands, pushing tliem over to the left. TJiis type occurs in about 
IK) per cent, of cases. The fourth typo is merely an exaggerated condition of 
the third ; the riglit sacculc' is still larger, and at the same time the left saccule 
has become atrophied, so that the original apex of the ca'cum, with the appendix, 
is close to the ileo-c£e(ial junction, and the anterior band courses inwards to 
tJie same situation. This typo is present in about 4 per cent, of cases. 

The vermiform appendix (processus vermiformis) is a long, narrow', 
worm-shaped tube, which starts from w'liat w'as originally the apex of the 
eK?cum, and may pa.ss in several dire(!tions ; upw'ards behind the caecum ; to 
the left behind the ileum and mesentery ; or dow'nw'ards into the true j>elvis. 
It varies from omt to nine inches in length, its averagci being a little ovtu- three 
inches (8 3 cm.). It is retained in position by a fold of peritoneum, the mm)- 
appendix, derived from tlie left leaf of the mesentery. This fold, in tlio 
majority of cases, is more or less triangular in shajie, and as a nile cxt(*nds 
along the entire length of the tubcf. Between its two layers lies a considerable 
branch of the ileo-i'olic artery, the appendicular arteiy (fig. 951). The canal of 
th(i a.])pendix is small, extends throughout the whole length of the tube, and 
(lommunicates with the capc.um by an orifice wdiich is jdaeed below and behind 
the ileo-ca*cal opening. It is sometimes guarded by a semilunar valve formeil 
by a fold of mucous membrane, but this is by no means constant. Its coats 
are the s,ame as those of the intestine : serous, muscular, submucous, and 
mucous. 

Structure.—The MiroHs coal fonns a oonqJete investment lor the ful)C. exce|)t along tlio 
narrow lino of atlaolinicnt of its mesentery in its proximal two-thirds. The longiladiiutl 
muiKulnr fthren do not form three liands as in the greater part of the large intestine, but 
invest the whole organ, exeept at one or tw’o points where both the longitudinal and circular 
tihres arc deficient so that the jicritonejd and submucous coats are <!ontigiious over small 
areas. Tlio circular muscle tihrc” form a much thicker layer than the longitudinal fibres, 
.md arc separated from them by a small amount of connective tissue. The mbwnmus 
coni is w'ell marked, and contains a large number of masses of lymphoid tissue w'hich e-ausc 
the mucous membrane to bulge into the lumen and so render the latter of small size and 
irregular shajic. Tlie mucovs membrane is lined by columnar epithelium and resembles 
that of the rest of the large intestine, but the simple follicles are fewer in numW. 

The ileo-caecal valve (valvula coli) (fig. 952),—The lower end of the ileum 
terminates by opening into the inner and back part of the largo intestine, at 
the point of junction of the caecum with the colon. The opening is guarded 
by a valve, consisting of two segments, an upper or colic and lower or ca*cal, 
W'hich project into the lumen of the largo intestine. If the intestine has been 
inflated and dried, th(* segments are of a semilunar shape. The upper one, 
nearly liorizontal in direiition, is attacdied by its convex border to the line of 
junction of the ileum w'ith tlie colon ; the low'er segment, w'hich is longer and 
• more concave, is attached to the lino of junction of the ileum with the caseum. 
At the (uids of the aperture the rivo segments of the valve coalesce, and are 
continued as narrow' menxbranous ridges around the canal for a short distance, 
forming the frenuda or rcfinocula of tlie valve. The loft or anterior end of the 
aperture is rounded ; the right or posterior is narrow and pointed. In the 
fresh condition, or in sjiccimens which have been hardened in situ, the segments 
project as thick cushion-like folds into the lumen of the large gut, while the 
opening betw'oen them may present the appearance of a slit or may be 
somew'hat oval in shape., 

Each segment of the valve is formed by a reduplication of the raucous 
membrane and of the cifeular muscular fibres of the intestine, the longitudinal 
fibres and peritoneum being continued uninterruptedly across from one portion 
of the intestine to the other. When these are divid^ or removed, the ileum 
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may be drawn outwards, and all traces of the valve will be lost, the ileum 
appearing to open into tlie largo intestine by a funnel-shaped orifice of large 
size. 

The surface of each segment- of the valve direeted towards the ileum is 
covered with villi, and presents the characteristic structure of the mucous 
inembrane of the small intestine ; while that turned towards the large intestine 
is destitute of villi, and marked with the orifices of tlie numerous tubular 
glands peculiar to the mucous mejnbrane of the large intestine. These 
differences in structure continue as far as the free margin of the valve. 

When the eascum is distended, the margins of the openirvg are approximated 
so as to prevent any reflux into the ileum. This is believed to be due to 
tension or stretching of the retinacula of the valve. 

The colon is divided into five parts : the ascending, transverse, descending, 
iliac, and pelvic. 

Tlui ascending colon (colon ascendens) is snuillei' in calibre than the ciecum, 
with which it is continuous. It passes upwards, from its commencement at 
the (wcuni, opj)osite the ileo-ca'cal valve, to the under surface of the right lobe 
of the liver, on the right of the gall bladder, where it is lodged in a shallow 



dejn’cssion, the imju'cssio colica ; here it bends abruptly forwards and tt^ 
tlm left, forming the hcpnlio Jlexvre (llcxura coli dextra). It is retained in 
contact with the posterior wall of the abdomen by the peritornmni, which 
covers its anterior surface and sides, its i)OHterior surface being conncct(‘d by 
loose areolar tissue with the Quadratus lumborum muscle, and with the front 
of the lower and outer part of the right kidney (fig. 95.“!). Soimhimcs th(» 
peritoneum completely invests it, and forms a distinct l)ut narrow mesocolon.* 
It is in relation, in front, \N’ith the convolutions of the ileum and the abdominal 
parietes. * 

The transverse colon (colon transversum), the longest and most movable 
part of the colon, passes transversely from tlie right hyijochondriac region 
across the abdomen, opposite the confines of th(> ojugastric and umbilical 
zones, into the left hypochondriac region, where it curves downwards beneath 
the lower end of the spleen, forming the splenic flexure (llcxura coli sinistra). 
In its course it describes an arch, the concavity of which is directed backwards 
and a little upwards. It is almost completely invested by peritoneum, and 
is connected to the posterior abdominal wall by a large and wide duplicature 

* Treves sfaite.s that, after a cjireful examination of one Inindrcrl sulijects, he found that in 
nfty-two there wa.s ncitiier an ascending nor a descending mesocolon. In twonl,y-tvvo there 
was a descemling mesocolon, but no trace of a corresponding fold ^n the other side. In 
fourteen subjects there was a mesocolon to both the a.seending alid the descending segments 
of the bovvcl; while in the remaining twelve there was an asqpiiding mesocolon, but no 
corresponding fold on the left side. It follows, therefore, that in 2 >erforming lurtilmr colotomy 
a rnesocolon may be expected upon the left side in :16 per cent, of all cases, and on the right 
in 26 per cent .—The Anatomy of the Tnieetinal Canal and Peritoneum in Man, 1885, p. 55. 
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of <hat membrane, the transverse mesocolon. It is in relation, by ils uppei 
surface, inth the liver and gall-bladder, the great curvature of the stomach, 
and the lower end of the spleen ; by its under surface, with the small intestines; 

Fio. 953.—Diagram of the relations of the large intestine and kidnej's, from lichind. 
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"bv its anterior surface, with the anterior layers of the great omentum and the 
abdominal parietes; ^ts posterior surface is in relation from right to left 
with the second portion of the duodenum, the head of the pancreas, and some 
of the convolutions of the jejunum and ileum. 
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The splenic flexure (flexura coli dnistra) is situated at the junction of the 
transverse and descending parts of the colon, and is in relation with the lower 
end of the spieen and the tail of the pancreas. It lies at a higher level than, 
and on a plane posterior to, the hepatic flexure, and is attaohed to the 
Diapliragm. opposite tlio tenth and eleventh ribs, by a peritoneal fold, named 
th(» jilirerm'vlic or coslocolic ligamenl, which assists in supporting the lower 
end of the spleen (see page 1129). 

The descending colon (colon doscendens) passes dowmvards through the 
left ItypoehoTidriiic and lumbar rc^gions along the outer border of the left 
kidiuiy. At the lower end of the kidney it turns inwards towards the outer 
border of tho Psoas muscle, along which it descends to the crest of the iliura, 
where it terminates in tho iliac colon. It is retained in position by the 
peritoneum, wliicli covers its anterior surfacse and sides, its posterior surface 
being connected by areolar tissue with the out-or border of tlie left kidney, and 
with tho Quadrat us lumborum muscle (fig. 953). It is smaller in calibre and 


Fig. 964.—^llio-pelvic colon and rectum seen from the front, after removal of 
pubic bones and bladder. 



more deeply placed than tho asc<mding colon, and is more frequently covered 
with peritoneum on its posterior surface than the ascending colon (Treves), 

The iliac colon (fig. 954) is situated in the left iliac fossa, and measures 
about five or six inches in lengtli. It begins at the level of the iliac crest, where 
it is continuous with the descending colon, and ends in tho pelvic colon at the 
brim of the pelvis. It curves doumwards and inw’ards in front of the Iliacus 
and Psoas, and, as a rule, is covered by peritoneum on its sides and anterior 
surface only. 

The pelvic colon (fig. 964) forms a loop which averages about sixteen inches 
in length, and normally lies within tlio pelvis, but on account of its freedom of 
movement it is liable to be displaced into the abdominal ca^ty. It begins at, ^ 
the brim of the pelvis, w^hera it is continuous with the g^ic colon, and passes • 
transversely across the front of the sacrum to the right side of the pelvis ; it 
then curves on itself and turns towards the left to reach the middle line at 
the level of the third piece of the sacrum, where it bends downwards and ends 
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in the rectum. It is completely surrounded by peritoneum, which forms a 
mesentery (pelvic mesocolon) :, the mesentery mminishes in length from the 
centre towards the ends of the-loop, where it disappear|, so that the loop is 
fixed at its junctions with the iliac colon and rectum, but enjoys a considerable 
range of movement in its central portion. 

Relations of the pelvic colon. —Behind the pelvic colon are the external 
iliac vessels, the loft Pyxiformis muscle, and left sacral plexus of nerves ; in 
frord, it is separated from the bladder in the male, and the uterus in the 
female, by some coils of the small intestine. 

The rectum is continuous above with the pelvic colon, whilst below it 
ends in the anal canal. Prom its origin at the level of the third sacral vertebra 
it passes downwards, lying in the sacro-coccygeal curve, and extends for 
about an inch in front of, and a little below, the tip of the coccyx, as far as 
the apex of the prostate gland. It then bends sharply backwards into the 
anal canal. It therefore presents two antero-postcrior curves : an upper, 
with its convexity backwards, and a lower, with its convexity forwards. Two 
lateral curves are also described, one to the right opposite the junction of 
the third and fourth sacral vertebr®, and the other to the left, opposite the 
left sacro-coccygeal articulation ; they are, however, of little importance. 
The rectum measures about five inches in length, and at its commencement 
its calibre is similar to that of the pelvic colon, but near its termination it is 
dilated to form the rectaZ ampulla. The rectum has no sacculations comparable 
to those of the colon, but a sacculated condition, due to the presence in its 
interior of valves (shortly to be described) is sometimes seen. 

The peritoneum is related to the upper two-thirds of the rectum, covering 
at first ita front and sides, but lower down its front only ; from the latter it is 
reflected on to the seminal vesicles in the male and the posterior vaginal wall 
in the female. 


The level at which the peritoneum leaves the anterior wall of the rectum 
to be reflected on to the viscus in front of it is of considerable importance from 
a surgical point of view, in connection with removal of tlie lower part of the 
rectum. It is higher in the male than in the female. In the former the height 

of the recto-vesical pouch is about 
Fia. 955.—Coronal section through the anal three inches : that is to say, the 

canal. (Symington.) height to which an ordinary index 
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Fia. 955.—Coronal section through the anal three inches : that is to say, the 
canal. (Symington.) height to which an ordinary index 

. I finger can reach from the anus. 

Ip the female the height of the 
recto-vaginal pouch is about two 
and a quarter inches from the 
anal orifice. The rectum is sur- 
rounded by a dense tube of 
fascia derived from the fascia 

cndopelvina, but fused behind 
with the fascia covering the 

I ig sacrum and coccyx. The fascial 

loosely attached to 

A.c ^/') the rectal wall by areolar tissue 

s'“ order to allow of distension of 
I/''' mJ c the viscus. 

F fi ■ Relations of the rectum.— 

i'll /it. upper part of the rectum 

‘ rdation, behind, with the 

Vsuperior hemorrhoidal vessels, 
\ Pyriformis muscle, and 

' 'w]' (\\|y iH I ^0(1 \Ji' sacral plexus of nerves, which 

separate it-from the anterior sur- 
I'iv'' |\'li ' ' faces of the sacral vertebr® ; in 

'■ its lower part it lies directly on 

a Oavity of bladder. V.n.'Vaa d^erena. 8. v. Seminal resiole. tUa aa»nitn anrl T.ftvft. 

‘ B. ^oond part of rectum. iS). Anal canal, ka. Levator Sacrum, CMCyX, anU iiOVa- 

oai. JA intoniai apbincter^ ie.s. nxtemai apbincter. tores am, a dense fascia alone 

intervening; in front, it is sepa¬ 
rated above, in the m^e, from the posterior surface of the bladder; in'the 
female, from the posterior surface of the uterus and its appendages, by some 








a Oavity of bladder. V.D.'Vaa d^erena. S.v. Seminal vesicle. 
* B. Second part of rectum. AO. Anal canal. hA. Levator 
oai. L8. Intonial apbincter^ B.S. Xxtemal apbincter. 
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convolutions of the small intestine, and frequently by the pelvic colon ; below, 
in the male, it is in relation with the triangular portion of the base of the 
bladder, the vesioulse seminales, and vasa deferentia, and more anteriorly 
with the posterior surface of the prostate ; in the female, with tlie posterior 
wall of the vagina. 

The anal canal (fig. 956) or terminal portion of the large intestine begins 
at the level of the apex of the prostate, is directed downwards and baeWards, 
and ends at the anus. It forms an angle with tlic lower part of the rectum, and 
measures from an inch to an inch and a half in length. It has no peritoneal 
covering, but is invested by the Sphincter ani internus, supported by the 
Levatores ani, and surrounded at its termination by the Sphincter ani externus. 
In the empty condition it presents the appearance of an antero-posterior 
longitudinal slit. Behind it, is a mass of muscular and fibrous tissue, the am- 
eorxygeal body (Symington) ; in front of it, in the male, are the membranous 
portion and bulb of the urethra, and the base of the triangular ligament; and 
in the female it is separated from the lower end of the vagina by a mass of 
muscular and fibrous tissue, named the perineal body. 

Btmetore of the colon.—^The large intestine has four coats : serous, muscular, areolar, 

and mucous. _ x- t + 1 , 

The serous coat is derived from the peritoneum, and invests the different portions of the 
large intestine to a variable extent. The caecum is completely covered by ^e sotous 
membrane, excei)t in al)out 6 per cent, of cases where the upper part of the posterior surface 
is uncovered. Tlie ascending, descending, and iliac parts of the colon are usually covered 
only in front and at the sides; a variable amount of the posterior surface is uncovered. 
The transverse colon is almost completely invested, the parts corresponding to the attach¬ 
ment of the groat omentum and transverse mesocolon being alone excoptc^. •The pelvic 
colon is entirely surrounded. The rectum is covered above on its anterior surface and 
sides ; below, on its anterior aspect only ; the anal canal is entirely devoid of any serous 
covering. In the course of the colon the })eritonoal coat is thrown into a number of small 
pouches filled with fat, called appendices epiploico',. ■ They are most numerous on the 

transverse colon. , 1-11 

Tho tnusetdar coat consists of an external longitudinal, and an internal cu’cular, layer 
of non-striped muscular fibres. 

The tongiiwUnal Jibres do not form a continuous layer over the whole surface of the 
large intestine. In tho ctecum and colon they are especially collected into three fiat 
longitudinal bands (imnice coli), each of about half an inch in width, Tlio vermiform 
apfiendix is surrounded by a unifonn layer of longitudinal muscular fibres, and these 
bands commence at tho attachment of the appendix to the oiecum ; one, the poblerior, 
is placed along the attached border ®f tho intestine ; the anterior, the largest, corresponds 
along the arch of the colon to tho attachment of the great omentum, but is in front in the 
ascending, descending and iliac parts of tho colon, and in the jielvic colon; the third, or 
lateral band, is found on the inner side of the ascending and d^oending pai-ts of the colon, 
and on the under aspect of the transverse colon. These bands are shorter than the other 
coats of the intestine, and serve to produce the sacculi which are cliaracteristic of the 
ca'ciim and colon ; accordingly, when they are dissected off, the tube can be lengthened, 
and its sacculated character becomes lost. In tho pelvic colon tho longitudinaj fibres become 
more scattered; and round tlie rectum they spread out and form a layer, which completely 
encircles this portion of the gut, but is thicker on the anterior and posterior surfaoM, 
where it forms two bands, than on the lateral surfaces. In addition, two bands of plain 
muscular tissue arise from the second and third cochygeal vertebrae, and pass downwards 
and forwards to blend with the longitudinal muscular fibres on the posterior wall of the anal 
canal. These are knewm as the re-cio-eoccygeal muscles. 

The circular JibreJi form a thin layer over the caecum and colon, being especially 
accumulated in the intervals between the sacouU; in tho rectum they form a thick 
layer, and in the anal canal they become numerous, and constitute the Internal sphincter. 

The areolar coat connects the muscular and raucous layers closely together. 

The mucous membrane, in the caecum and colon, is pale, smooth, destitute of villi, and 
raised into numerous crescentic folds which correspond to the intervals between the sacculi. 
In the rectum it is thicker, of a darker colour, more vascular, and connected loosely to the 
muscular coat, as in the oesophagus. When the lower part of the rectum is contracted, 
its mucous membrane is thrown into a number of folds, which are longitudinal in direction 
and are effaced by the distension of the gut. Besides these there ^e certain permanent 
horizontal folds, of a semilunar shape, known as Houston’s valves ffig. 966).t They are, 
usually three in number; sometimeB a fourth is found, and occasionally only two are present. 
One is situated near the commencement of the rectum, on the ri^t side ; a second extends 


* See footnote, p. 1151. 


f Dublin Hotgp. Repori*. vol. v. p. 163. 
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inwards from the left side of the tube, opposite the middle of the sacrum; a ihird, the 
largest and most constant, projects backwards from the fore part of the rectum, opposite 
the base of the bladder, \^^en a fourth is present, it is situated nearly an inch above the 
anus on the left and posterior wall of the tube. These folds are about half an inch in 
width, and contain some of the circular fibres of the gut. In the empty state of the intes¬ 
tines they overlap each other, as Houston remarks, so effectually as to require considerable 
manoeuvring to conduct a bougie or the finger along to the canal of the intestine. Their 
use seems to be, ‘ to support the weight of faecal matter, and prevent its urging towards the 
anus, where its presence always excites a sensation demanding its discharge.’ * 

The lumen of the anal canal presents, in its upper half, a number of vertical folds, 
produced by an infolding of the mucous membrane and some of the muscular tissue. They 
are known m the columns of Morgagni (fig. 966), and are separated from one another by 
furrows, which terminate below in small valve-like folds, termed anal valves, which join 
together the lower ends of the columns of Morgagni 

As in^ the small intestine, the mucous membrane consists of: a muscular layer, the 
muscularis mucosm ; a quantity of retiform tissue in which the vessels ramify; a 


Fio. 966.—Coronal section of 
rectum and anal canal. 



Fio. 967.—Transverse section of large 
intestine. 
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basement-membrane and epithelium which is of 
the columnar variety, and exactly resembles the 
epithehum found in the small intestine. The 
mucous membrane of the large intestine presents for examination simple follicles and 
solitary glands. 

The simple follicles (glands of Lieberkuhn) are minute tubular prolongations of the 
mucous membrane arranged perpendicularly, side by side, over its entire surface; they 
Me longer, more numerous, and placed in much closer apposition than those of the small 
intestine; and they open by minute rounded orifices n^mn the surface, giving it a cribriform 
appearance. Each gland is lined by short columnar epithelium and contains numerous 
goblet cells. 

The solitary glands (fig. 957)of the large intestine are most abundant in the caecum and 
TCi-miform appendix, but are irregularly scattered also over the rest of the intestine. 
They are similar to those of the small intestine. 

VesieU and Kerves.—The arteries supplying the colon are derived from the coho and 
M mnoid branches of the mesenteric a rteries. They give off large branchraTwEcBTSmify 
between and supply the musculM 'coats',' and after dividing into small vessels in the 
submucous tissue, pass to the mucous membrane. The re cto"* is anppHed hy a,ipnwr> i» 

. * Paterson (The form of the rectum, Journal of Anadoavy amd Physiology, vol. xliii.) 
utilises the third fidd foa the purpose of dividieg the rectum into an upper and a lower 
portion; he considers the latter ‘ to bo just as much a duct as the narrower anal below,' 
and mainteins-that, under normal conditions, it doc.s not contain fmees except daring the act 
of defsecation. 
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ha morrhoitkl branch nf the inferior mesenteric, and the anal canal by the middle 
h gmormoidaJ from thelhterm d iliac, and.~tha-inf8rior hasmAbL'^ldar ffUlii the pudic 
?5Swy* The superior htemorrHoidal, the continuation of the supmor ihefientBric, divides 
into two branches, which run down either side of the rectum td”within about five inches of 
the anus; they here split up into about six branches, which pierce the muscular coat and 
descend between it and the mucous membrane in a longitudinal direction, parallel with each 
other as far ns the Interna] sphincter, whore they anastomose with the other hsemorrhoidal 
pteries and form a series of loops around the anus. The veins of the rectum commence 
in a plexus of vessels which surrounds the anal canal. In the vessels forming this plexus 
are small saccular dilatations just wiUiin the margin of the anus ; from the plexus about 
six vessels of considerable size are given off. These ascend between Uie muscular and 
mucous coats for about five inches, running [>araliel to each other; they then pierce the 
muscular coat, and, by their union, form a single trunk, the su|>erior hmmorrhoidal vein. 
This arrangement is termed the hmmonhoidal plexus; it communicates with the tribu¬ 
taries of the middle and inferior ha?morrhoidal veins, at its commencement, and thus a 
communication is established between the systemic and portal circulations. The nerves 
are derived from tbe sjrmpathetic plexuses around the branches of the superior and inferior 
mesenteric arteries. They are distributed in a similar way to those found in the small 
intestine. 

The lymphatics of the large intestine an. described on page 

Surface Melations .—^The coils of the small intestine occupy the abdomen, 

below the transvci'se colon, and are covered ■ lorc or less compictely great omentum. 

For the most part the coils of the jejunum occupy the left aide of the abdominal cavity, 
i.e. the left lumbar and iliac regions and the left half of the umbilical region; while the 
coils of the ilium are situated to the riglit, in the right lumbar and iliac regions, in the right 
half of the umbilical region, and also in the hypogastric region. The emeum is situated 
pi the right iliac region. Its position varies slightly, but the mid-jioint of a line drawn 
from the anterior superior siiinous process of the ilium to the symphysis jmbis will about 
mark tlie middle of its lower bolder. It is com^iarativcly siijiBidicial. From it the asisending 
colon jiasHos upwaids through the right lumbar and hypochondriac regions, and becomes 
more deejily situated as it ascends to the hejiatic flexure, which is dee[>ly placed under 
cover of the liver. TTio transverse colon crosses the belly transversely on the confines 
of the umbilical and epigastric regions; its lower border being on a level slightly, above 
the umbilicus, its upper border just below the greater curvature of the stomach.* The 
splenic flexure of the colon is situated behind the stomach in the left hypochondrium, 
and is on a higher level than tlie hepatic flexure. The descending colon is deeply seated, 
passing down through the left hypochondriac and lumbar regions to the sigmoid flexul'e, 
which is situated in the loft iliac region and can be felt in tliin persons, with relaxed alidominal 
walls, rolling under the fingcre when empty, and when distended forming a distinct tumour. 
The position of the base of the vermiform appendix is indicated by a point on inch and a 
half from the light anterior superior spinous process of the ilium, in a lino drawn from this 
process to the umbilicus. This is known as McBurney's spot. Another mode of defining 
position of the base of the appendix is to draw a line between the anterior superior 
iliac spines, marking the i»oint where this lino intersects the right semilunar line. 

Peristalsis of the coils of the small intestine can bo observed in some persons with 
extremely lliin abdominal walls, when some degree of constipation exists; it is, however, 
of great importance as a diagnostic sign of chronic intestinal obstruction, and when 
sucli is suspected, should bo always looked for. Owing to the resistance offered to the 
passage of the bowel contents for some period, hypertrophy of the muscular coats of 
the intestine takes place, and the peristaltic movements of the distended gut may become 
distinctly visible through the normal thickness of abdominal wall. 

In cases of obstruction near the ilco-caecal junction the distension of the small intestine 
gives rise to a marked prominence of the central portion of the abdomen, whereas if the 
obstruction be low down in the large gut, the whole course of the colon may be seen mapped 
out, thus giving risefto distension in the flanks and transversely about the level of the 
umbilicus. Thus valuable information as to the seat of the obstruction may often be 
obtained from simple inspection of the abdomen. Great distension of the intestines also 
occurs in peritonitis and in typhoid fever. 

Upon introducing the finger into the male rectum, the membranous portion of the urethra 
can be felt exactly in the middle line if an instrument has been introduced into the bladder; 
above this the prostate gland can be recognised by its shape and hardness and any enlarge¬ 
ment detected; behind the prostate the fluctuating wall of the bladder when full can be 
felt, and if thought desirable, can be tapped in this situation; on either side of and behind 
the prostate the vesicula seminalis can be readily felt, especially if enlarged by tuberculous 
disease. Behind, the coccyx is to be felt; and on the mucous mejpbrane one or two of 
Houston’s folds. The ischio-rectal fossa can be explored on either side, with a view to 

* The transverse colon frequently sags downwards, especially id those affected with chronic 
constipation; when the abdomen is opened it is not unusual to find the upper border of the 
colon distinctly below the umbilicus, and in some cases the convexity of this portion of the 
large intestine reaches the pelvic brim. 
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ascertaining the presence tjf deep-seated collections of pus. Finally, it will be noted that 
the finger is firmly gripped by the Sphincter for about an inch up the bowel. 

Apjilied Anatomy .—^The small intestines are much exposed to injury, but, in con¬ 
sequence of their elasticity and the ease with which one coil glides over another, they 
are not so frequently ruptured as would otherwise be the case. Any part of the small 
intestine may be niptur^, but probably the most common situation is the transverse 
duodenum, on account of its being more fixed than other portions of the bowel, and because 
it is situat^ in front of the bodies of the vertebra*, so that if this portion of the intestine ^ 
struck by a sharp blow, as from tlie kick of a horse, it is unable to glide out of the way, 
but is compressed against the bone and so lacerated. Wounds of the intestine sometimes 
occur. If tke wound is a small puncture, under, it is said, three lines in length, no extravasa¬ 
tion of the contents of the bowel takes place; the mucous membrane becomes everted 
and plugs the little opening. The small intestine, and most frequently the ileum, may 
become strangulated by internal bands, or through apertures, normal or abnormal. The 
bands may be formed in several different ways: they may Im old peritoneal adhesions 
from previous attacks of peritonitis; or an adherent omentum from the same cause ; or the 
band may be formed by Meckel’s diverticulum, which has contracted adhesions at its 
distal extremity; or it may bo the result of the abnormal attachment of some normal 
structure, as the adhesion of two appendices ejnploicin, or an adherent vermiform appendix 
or Fallopian tube. Intussusception, most commonly an invagination of the small intestine 
into the large, may take-place ; it may attain great size, and it is not uncommon in these 
cases to find the ileo-cnical valve projecting from the anus. Stricture, the impaction of 
foreign bodies, and twisting of the gut (wlvvlua) may also lead to intestinal obstruction. 

Resection of a portion of the intestine may be required in cases of gangrene; for 
the removal of new growth in the bowel; in dealing with artificial anus ; and in cases of 
rupture. The operation is termed enterectomy, and is performed as follow'S: the abdomen 
having been opened and the amount of bowel requiring removal having been determined 
upon, the intestine must be clamped on either side of this portion in order to prevent the 
escape of asiy of its contents during the operation. The portion of the bowel is then 
separated above and below by means of scissors. If the portion resected is small, it may 
be simply removed from the mesentery at its attachment, and the bleeding vessels tied; 
but if it be largo it will be necessary to take away a triangular piece of the mesentery, and, 
having secured the vessels, suture the cut edges of this structure together. In doing this, 
care must be taken not to leave any intestine projecting beyond the line of the section of 
mesentery, as gangrene is very likely to ocscur in the projecting part if this is done. The 
surgeon then proceeds to unite the cut ends of the bowel together by what is termed end-to- 
end anastomosis. There are many ways of doing this, which may be divided into two 
classes, one where the anastomosis is made by means of some mechanical appliance, such 
as Murphy’s button, or one of the forms of decalcified bone bobbin ; and the otlier, where 
the operation is performed by suturing the eud^ of the bowel in such a manner that the 
peritoneum covering the two divided ends is brought into contact, so that speedy union 
may ensue. 

ITie venniform appendix is very liable to become inflamed, because it contains a 
relatively largo amount of lymphoid tissue which is prone to bacterial infection. In many 
cases the inflammation is set up by the impaction in it of a solid mass of fieces or a foreign 
body, or by the inspissation of its mucous secretion in catarrhal conditions. Tlie inflamma¬ 
tion may result in ulceration and perforation, or if very acute in gangrene of the appendix. 
These conditions generally require immediate operative interference, and in chronic cases 
with recurring attacks of inflammation it is generally advisable to remove this diverticulum 
of the bowel, in incising the abdominal wall for this operation, the muscles should bo 
split in the direction of tlieir fibres rather than cut across in order to prevent subsequent 
w'eakening of the abdominal pariotes^and the occurrence of a ventral hernia. After the 
appendix has been removed it is better to suture the planes of the abdominal wall 
separately. 

In external hernia the ileum is the portion of bow'cl most frequently herniated. When 
a part of the large intestine is involved it is usually the c«ecum, and this may occur even on 
the left side. In some few cases the vermiform appendix has been the part implicated in 
strangulated hernia. 

Chronic ulcer ot the duodenum is sometimes met with, probably produced by the 
same causes as chronic ulcer of the stomach. It may perforate and set up a rapidly fatal 
peritonitis, or it may open into one of the large duodenal vessels and cause death from 
haemorrhage. An acute ulcer sometimes, but rarely, follows extensive burns of the skin. 

Iho calibre of the large intestine gradually diminishes from the caecum, which hM 
the greatest diameter of any part of the bowel, to the point of junction of the pelvic 
colon with the rectup. At or a little below this point stricture most commonly occurs, 
and diminishes in frequency as one proceeds upwards to the caecum. When mstended 
by some obstruction low down, the outline of the large intestine can be defined throughout 
nearly tiie whole of its cotrse—all, in fact, except the hepatic and splenic flexures, which 
are more deeply placed; the distension is most obvious in the flanks and on the front of 
the abdomen just above the umbilicus. The casemn, however, is the portion of the bowel 
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which becomes most distended. It may assume enormous dimensions, and has been known 
to give way from the distension, causing fatal peritonitis. The hepatic flexure and the 
right extremity of the transverse colon are in close relationship with the liver, and abscess 
of this viscus sometimes bursts into the gut in this situation. The gall-bladder may become 
adherent to the colon, and gall-stones may find their way through into it and may 
become impacted or may bo discharged per anum. The mobility of the pelvic colon 
renders it more liable to become the seat of a volvulus or twist than any other part 
of the intestine. It generally occurs in patients who have been the subjects of 
habitual constipation, and in whom, therefore, the mesocolon is elongated. The gut 
at this part, being loaded with fsBCes, fails over the part below, and so gives rise to the 
twist. 

Hernia.—^The two chief sites at which external hernia may take place are the inguinal 
region and the crural canal. The description of the inguinal canal and its rolations will 
be found on page 120,') and that of the crural canal on pages 708 and 709. Some 
points in rega^ to the disposition of the peritoneum in these regions may, however, bo 
recapitulated here. 

Between the upper margin of the front of the pelvis and the umbilicus, the peritoneum, 
when viewedf rom behind, will be seen to be raised into five folds.with intervening dopressions, 
by more or less prominent bands which converge to the umbilicus (fig. 924). The urachus, 
situated in the middle line, is covered by a fold of peritoneum known as the plica urachi. 
On either side of tliis a fold of peritoneum round the obliterated hypogastric artery forms 
the plica hypngastrica. To either side of these three cords is the deep epigastric artery 
covered by the plica epigaatrica. Between these raised folds are depressions constituting 
the so-called fossre. The most internal, between the plica urachi and plica hyimgastrica, 
is known as the internal inguinal fossa (tovea, supravesioalis). The middle one is situated 
between the plica byi)ogaBtrica and plica epigastrica, and is termed the middle inguinal 
fossa (fovea inguinalis mesialis). The external one is external to the plica epigastrica, 
and is know’n as the external inguinal fossa (fovea inguinalis lateralis). Occasionally the 
deep epigastric artery corresponds in position to the obUtcrated hypogastrig artery, and 
then there is but one fold on each side of the middle line. In the ustial position of the 
parts, the floor of the external inguinal fossa corresponds to the internal abdominal ring, 
and into this fossa an oblique inguinal hernia descends. To the inner side of the plica 
epigastrica are the two internal fossm, and through either of these a direct hernia may 
descend. The whole of the space between the deep epigastric artery, the margin of the 
Rectus, and Poupart’s ligament, is known as Hesaelbach’s triangle. Below the level of 
Poupart's ligament is a small depression corresponding to the position of the crural ring. 
It is knowm as the femoral fossa, and into it a femoral hernia descends. 

Inguinal hernia. —Inguinal hernia is tb at form of protrusion which makes its w ay through 
the abdomen in the inguinal region. There are two principal varieties of it: external or 
oblique, and internal or direct. * 

In oblique inguinal hernia the intestine escapes from the abdominal cavity at the 
internal ring, pushing before it a pouch of peritoneum which forms the hernial sac. As 
it enters the inguinal canal it receives an investment from the extra-peritoneal tissue and 
is enclosed in the infundibulifoim fascia. In passing along the inguinal canal it displaces 
upwards the arched fibres of the Transversalis and Internal oblique, and receives a covering 
of Cremaster muscle and cremasteric fascia. It then passes along the front of the sjiermatic 
oor-d and escapes from the inguinal canal at the external ring, becoming invested by 
intercolumnar fascia. Lastly it descends into the scrotum, receiving coverings from the 
superficial fascia and the integument. 

The seat of stricture in oblique inguinal hernia is at either the external or internal 
abdominal ring; most frequently in the latter situation. If it is situated at the external 
ring, the division of a few fibres at one point of the circumference is all that is necessary 
for the replacement of the hernia. If at the intefnal ring, it is necessary to divide the 
aponeurosis of the External oblique so as to lay open the inguinal canal ; in dividing 
the aponeurosis th^ incision should be directed parallel to Poupart’s ligament, and the 
constriction at the internal ring should then be divided directly upwards. 

When the intestine passes along the inguinal canal and escapes from the external ring • 
into the scrotum, it is called complete oblique inguinal or scrotal hernia. If the intestine 
does not escape from the external ring, but is retained in the inguinal canal, it is called 
incomplete inguinal hernia or bubonocele. In each of these cases the coverings which 
invest it will depend upon the extent to which it descends in the inguinal canal. 

There are some other varieties of oblique inguinal hernia (fig. 968) depeiqjing upon 
congenital defects in the processus vaginalis, the pouch of peritoneum which precedes the 
descent of the testis. Normally this pouch is closed before birth, closure commencing at 
two points, viz. at the internal abdominal ring and at the top of the epididymis, and 
gradually extending until the whole of the intervening portion is converted into a fibrous 
cord. From failure in the completion of this process, variations in the relation of the 
hernial protrusion to the testis and tunica vaginalis are produceld; these constitute distinct 
varieties of inguinal hernia, viz. congenital, infantile, encysted, and hernia of the funioular 
process. 
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Where the processus vaginalis remains patent throughout, the cavity of the tunica 
vaginalis communicates directly with that of the peritoneum. The intestine descends 
along this pouch into the cavity of the tunica vaginalis which constitutes the sac of the 

Fiq. 958.—^Varieties of oblique inguinal hernia. 




A. Common 8CTuUI livrnia. 


B. Congenital hernia. 




C. lulantiie hi'niia. 


D. Encysted hernia. 



K. Hernia into the fanicnlar process. 

c 

hernia, and the gut lies in contact with the testis. Though this form of hernia is termed 
congenital, the term does n6t imply that the hernia existed at birth, but merely that a 
condition is present which may allow of the descent of the hernia at any moment. As a 
matter of fact, congenital hemise frequently do not appear till adult life. 
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Where the proceasus vaginalis is occluded at the interna] ring only and remains patent 
throughout the rest of its extent two varieties of oblique inguinal hernia may bo produced, 
viz. infantile and encysted hemiee. In the infantile form (fig, 958, o) the bowel presses 
u|»on the peritoneum in the immediate neighbourhood of the septum and causes it to yield 
and form a sac which descend^ behind the tunica vaginalis; so that in front of the bowel 
there are throe layers of peritoneum, the two layers of the tunica vaginalis and its own sac. 
In the encysted form (fig. 958, i>) pressure at the occluded Bj)ot causes the septum to yield 
and form a sac which projects into the tunica vaginalis, forming thus a sac within a sac, so 
that in front of the bowel there are two layers of peiitoneum, one from the tunica vaginalis, 
and one from its own sac. 

Where the processus vaginalis is occluded at the lower point only, i.e. just above the 
testis, the intestine descends into the pouch of peritoneum as far as tlie testis, but is i»re- 
vented from entering the sac of the tunica vaginalis by the septum which has formed 
between it and the pouch. This is known as hernia into the funicular process; it resembles 
the congenital form except that instead of enveloping the testis it lies above it. 

In direct inguinal hernia, the protrusion makes its way through some part of Hcsselbach’s 
triangle, either through (a) the outer part, where only extra-j>eritoneal tissue and trans- 
vcrsalis fascia intervene between the jieritoneum and the aponeurosis of the External oblique; 
or through ( 6 ) the conjoined tendon whicih stretches across the inner tw'o-thiids of the 
triangle between the arlery and the middle line. In the former the hernial protrusion 
escapes from the abdomen on the outer side of the conjoined tendon, pushes before it the 
peritoneum, extra-peritoneal tissue and trur sversalis fascia, and enteM. tlie inguinal canal. 
It passes along nearly the whole length of the canal and finally emerges from the external 
ring, rcceivmg an investment from the intcrcolunmar fascia. The coverings of this form 
of hernia are similar to those of the oblique form, except that a portion derived from tho 
general layer of transvcTsalis fascia replaces the infundibuliform fascia. 

In the scTOnd form, which is the more frequent, the hernia is either forced through 
the fibre's ol the conjoined tendon, or the tendon is gradually distended in front of it so as 
to form a complete investment for it. Tho intestine then enters tho I 0 WC 4 end of the 
inguinal canal, esca])e 8 at tho external ring, lying on the inner side of the cord, and 
receives iulditional coverings from the intorcolumiuir fascia, tho superficial fascia and the 
integument. The coverings of this form therefore differ from those of the oblique form in 
that the conjoined tendon is substituted for the cremaster, and the infundibuliform fascia 
is replaced by a portion of the general layer of tho transversalis fascia. 

'I'hc seat of stricture in both varieties ol direcit hernia is usually found either at the nock 
of the sac or at the external ring. In that form which pei forates the conjoined tendon it 
not inlrequently occurs at tho edges of the fissure through which the gut paascs. In all 
cases of inguinal hernia, whether direct or oblique, it is proper to divide the stricture 
directly upwajds; by cutting in this direction the incision is made parallel to the deej) 
ejrigastric artery—external to it in the oblique variety,internal to it in tho direct foim of 
hernia ; all chance ot wounding the vessel is thus avoided. Direct inguinal hernia is of 
much less frequent occurrence than objique, and is found more often in men than in 
women. The main differences in ])Osition between it and the oblique fonn are: (a) it is 
placed over the pubis and not in the course of the inguinal canal; (b) the deejt epigastric 
artery runs on the outer or iliac side of the nock ol the 84ic ; and (c) the spermatic cord lies 
along its external and posterior sides, not directly behind it as in oblique inguinal hernia. 

i'emoral hernia. —^lii femoral hernia the protrusion of tho intestine tjikes place through 
the crural ring. As already described (page 708), thiariug is closed by tho septum crurale. 
a partition of modified extra-peritoneal tissue ; it is therefore a weak spot in the abdominal 
wall, and especially in the female, w’horo the ring is larger and where profound changes are 
produced in the tissues of the abdomen by pregnancy. Eemoral hernia is therefore more 
common in women than in men. 

WThen a portion of intestine is forced through the*erural ring, it carries before it a pouch 
of peritoneum, which forms the hernial sac. It receives an investment from the extra- 
peritoneal tissue or septum crurale, and descends along the crural canal, or inner compart¬ 
ment of tho sheath of the femoral vessels, as far as the saphenous opening; at this point it 
changes its course, being prevented from extending farther down the sheath on account « 
of the narrowing of the latter, and its close contact with the vessels, and also the close 
attachment of the superficial fascia and femoral sheath to the lower part of the circum¬ 
ference of the saphenous opening. The tumour is consequently directed forwards, pushing 
before it the cribriform fascia, and then curves upwards over Poupart’s ligament and the 
lower part of the External oblique, being covered by the superficial fascia and integument. 
While the hernia is contained in the crural canal it is usually of small size, owing to the 
resisting nature of the surrounding parts, but when it escapes from the saphenous opening 
into the loose areolar tissue of the groin it becomes considerably enlarged. The direction 
token by a femoral hernia in its descent is at first downwards, then fSrwards and upwards; 
in the application of taxis for the reduction of a femoral hernia toerefore, pressure should be 
directed in the reverse order. • 

The coverings or a femoral hernia from within outwards are; peritoneum, septum 
crurale, femoral sheath, cribriform fascia, superficial fascia, and integument. Sir Astley 
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Cooper has described an investment for femoral hernia under the name of fiucia mopria, 
lying immediately external to the peritoneal sac but frequently separated from it by some 
adipose tissue. Surgically it is important to remember the frequent existence of this layer 
on account of the ease with which an inexperienced operator may mistake the fascia for 
the peritoneal sac and the contained fat for omentum, as there is often a great excess of 
subporitoneal fatty tissue enclosed in the ‘ fascia }>ropria.’ In many cases it resembles a 
fatty tumour, but on further dissection the true hernial sac will be found in the centre of 
the mass of fat. The fascia propria is merely modified extra-peritoneal tissue which has 
been thickened to foim a membranous sheet by the pressure of the hernia. 

When the intestine descends along the femoral canal only as far as the saphenous 
opening the condition is known as incomplete femoral hernia. The small size of the 
protrusion in this form of hernia, on account of the firm and resisting nature of the canal 
in which it is contained, renders it an exceedingly dangerous variety of the disease, from 
the extreme difficulty of detecting the existence of the swelling, especially in corpulent 
subjects. The coverings of an incomplete femoral hernia would be from without inwards : 
integument, superficial fascia, sujiorior falciform process of fascia lata, femoral sheath, 
septum cruralo and peritoneum. 

The seat of stricture of a femoral hernia varies : it may bo in the peritoneum at the neck 
of the hernial sac ; in the greater number of cases it is at the point of junction of the superior 
falciform process with the free edge of Gimbemat’s ligament; or it may be at the margin 
of the saphenous 0 {)ening. The stricture should in every case be divided in a direction 
upwards and inwards for a distance of about one-sixth to one-quarter of an inch. All 
vcBBols or other structures of importance in relation to the neck of the sac will thus be 
avoided. 

Tlie spine of the pubis forms an important landmark in serving to differentiate the 
inguinal from tlie femoral variety of hernia. The inguinal protrusion is above and to 
the inner side of the spine, while the femoral is below and to its outer side. 

There are several details of practical interest in connection with the mesentery which 
merit notice* 1. The depth of tlie mesentery—that is to say, the distance from its parietal 
to its intestinal attachment—^is normally less than eight inches, generally nearer six or 
seven; but under certain abnormal conditions it may become elongated, and tliis w'ould 
appear to favour the occurrence of hernia of the intestine. 2. Not only may the dejith 
of the mesentery be increased, but its ])oint of attachment to the posterior abdominal 
wall may yield, and descend over tlie lumbar vertebrae. This condition, which is known 
under the name of enteropiosis, usually occurs in women who have borne many children, 
and is attended with general relaxation of the abdominal parietes. It produces a charac¬ 
teristic appearance, the abdomen being prominent and pendulous below, while above, it 
is flatten^ and constricted. 3. Holes are sometimes jiresent in the mesentery, and these 
may be congenital, or may be the result of injury. Tliey arc of practical importance, since 
a knuckle of intestine may become horaiated into one of them, causing acute strangulation. 
4. The lymphatic glands contained between the two layers of the mesentery are frequently 
the aeu,t of tuberculous deposit, especially in childien. 

The surgical anatomy of the rectum is of considerable importance. Tliere may be 
congenital malformations due to aiTest of, or imperfection in, development. Thus, there 
may bo no proctodteal invagination (see page 161), and consequently a complete absence 
of the anus; or the hind-gut may be imperfectly developed, and there may be an absence 
of the rectum, though the anus is developed; or the ectodermal invagination may not 
communicate with the termination of the hind-gut from want of solution of continuity in 
the septum which in early foetal life exists between the two. The mucous membrane is 
thick and but loosely connected to the muscular coat beneath, and thus favours prolapse, 
especially in children. Tlie vessels of the rectum arc arranged, as mentioned above, 
longitudinally, and are contained in the loose cellular tissue between the mucous and 
muscular coats, and receive no support from surrounding tissues, and this favours varicosity. 
Moieover, the veins, after running upwards in a longitudinal direction for about five inches 
in the submucous tissue, pierce the muscular coats, and are liable to become constricted 
at this spot by the contraction of the muscular wall of the gut. In addition to this there 
' are no valves in the superior hasmorrhoidal veins, and the vessels of the rectum are placed 
in a dependent position, and are liable to be pressed u})on and obstructed by haMened 
fieces. Tlie anatomical arrangement, therefore, of the hsemorrhoidal vessels explains the 
great tendency to the occurrence of piles. The presence of tlie Sphincter ani externus is 
of surgical importance, since it is the constant contraction of this muscle which prevents an 
ischio-rectal abscess from healing, and causes it to become a fistula. Also the reflex con¬ 
traction of this muscle is the cause of the severe pain complained of in fissure of the anus. 
Tire relations of the peritoneum to the bowel are of importance in connection with the 
operation of removal of the rectum for malignant disease. This membrane gradually 
leaves the rectum as it* descends into the pelvis; first leaving its posterior surface, then the 
sides, and then the anterior surface, to become reflected, in the male on to the posterior wall 
of the bladder, forming thd recto-vesical pouch, and in the female on to the posterior wall 
of the vagina, forming Douglas’s pouch. The recto-vesical pouch of peritoneum extends 
to within three inches from the anus. Within recent years much more extensive operations 
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have been done for the removal of cancer of the rectum, and in these the peritoneal cavity 
has necessarily been opened. If, in these cases, the opening is plugged with antiseptic 
gauze until the operation is completed and then the edges of 5ie woui3 in the peritoneum 
are accurately brought together with sutures, no evil result appears to follow. For cases of 
cancer of the rectum which are too low to be reached by abdominal section, and too high 
to be removed by the perineeum, Kraske has devised an operation whicli goes by his name. 
The patient is placed on his right side and an incision is made from the last piece of the 
sacrum to the anus. The soft parts arc now separated from the back of the sides of the 
sacrum and coccyx, and the greater and lesser sacro-sciatic ligaments are separated. The 
coccyx is remov^, and if necessary a small piece of the sacrum, and the edges of the wound 
being now forcibly drawn outwards, a considerable length of the rectum is brought into 
view, and the diseased portion can be removed, leaving the anal poiiiion of the gut, if 
healthy. The two divided ends of the gut can sometimes be ai)proximated and sutured 
together, the posterior part being left open for drainage. 

The colon frequently requires opening in cases of intestinal obstruction, and by some 
surgeons this bperation is performed in cases of cancer of the rectum as soon as the disease 
is recognised, in the hope that the symptoms may be relieved by removing the irritation 
produced by the passage of faical matter over the diseased surface. The operation 
of colostomy may bo performed cither in the inguinal or lumbar region; but inguinal 
colostomy has in the present day entirely superseded the lumbar operation. Tire main 
reason for preferring this operation is that a spur-shaped process of the mesocolon can be 
formed, which prevents any fsecal matter fiiiding its way past the artiticiai anus, and the 
greater ease in maintaining cleanliness. ITie jiclvic colon being entirely surrounded by 
peritoneum, a coil can be drawn out of tlie wound and opened, leaving the attachment of 
the mesocolon to form a spur, much as it does in an artificial anus caused by sloughing of 
the intestine after a strangulated hernia, and this prevents any faecal matter finding its way 
from the gut above the opening into that below. The operation is jierformed by making 
an incision two or three inches in length from a point one inch internal to the anterior su]>erior 
spinous jtrocess of the ilium, parallel to Poupart’s ligament. The various musiGular layers 
are cut through, and tlie peritoneum opened ; the pelvic colon is now sought for, pulled out 
of the wound, and fixed by passing a needle tlm*aded with carbolised silk first through 
the mesocolon close to the gut, and then through the abdominal wall. The wound is 
dressed, and about the second day the protruding coil of intestine is opened. 

The loose connective tissue roimd the rectum is occasionally the site of an absooss, the 
active focus of which, however, may be located elsewhej*e. This form of abscess may be 
described as the svperior peli'ic-rertal ; it is placed above the pelvic diaphragm but l)eneath 
the peritoneum. The acute variety is generally due to ulceration oi’ perforation of the 
bowel (jmssibly produced by a foreign body) al>ove the level of attechment of the Ijcvator 
ani. The abscess may .also occur above a stricture (simple or malignant) of the rectum ; 
occasionally it arises from suppuration around the prostate, and more rarely follows abscess 
of the vesicul.'o seminales. Chronic abscesses also apjiear in the same region either from 
caries of the anterior surface of the sacrum or from caseation of the presjicral lymphatic 
glands, whilst in other cases an abscess finds its way dowm into the pelvis from disease of 
the anterior surfaces of the bodies of the lumbar vertebrae. 


The Liver 

The liver (liepar) i.s tlie largest gland in the body, and i.s situated in the 
upper and right parts of the abdominal cavity, occupying almost the w^hole 
of the right liypochondrium, the greater part of the epigastrium, and not 
uncommonly extending into the left liypochondrium as far as the mammary 
line. In the male it weighs from fifty to sixty ounces, in the female from 
forty to fifty, it is relatively much larger in the foetus than in the adult, 
constituting, in the former, about one-eighteenth, and in the latter, about 
one thirty-sixth of the entire body weight. Its greatest'transverse measure-* 
mont is from eight to nine inches. Vertically, near its lateral or right surface, 
it measures about six or seven inches, wlfile its greatest antero-posterior 
diameter is on a level with the upper end of the right kidney, and is from four 
to five inches. Opposite the vertebral column its measurement from before 
backwards is reduced to about three inches. Its consistence is that of a soft 
solid ; it is, how'ever, friable and easily lacerated ; its colour is a dark reddish- 
brown, and its specific gravity is 1-05. 

To obtain a correct idea of its shape it must be liardTened in situ, and it 
will then be seen to present the appearance of a w'e^ge, the base of which 
is directed to the right and the thin edge towards the left. Symington 
describes its shape as that ‘ of a right-angled triangular prism with the right 
angle rounded on.’ 
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Surfaces. —The liver possesses five surfaces, viz. superior, inferior, 
anterior, posterior, and lateral. A sharp, w'ell-defined margin divides the 
inferior from the anterior and lateral surfaces, but the other surfaces are 
separated from one another by thick, rounded borders. The superior and 
anterior surfaces are attached to the Diapliragm and anterior abdominal wall 
by a triangular or falciform fold of peritoneum, the stispenaory or falciform 
ligament, in the free margin of which is a rounded cord, the ligamentum 
teres or obliterated umbilical vein. The line of attachment of the falci¬ 
form ligament divides the liver into two parts, termed the right and left 
lobes, the right being much the larger. The inferior and posterior surfaces 
are divided into five lobes by five fissures, which are arranged in the form of 
the letter H. The left limb of the H marks on these surfaces the division of the 
liver into right and left lobes ; it is known as the longitudinal fismre, and 
consists of two parts, viz. tlie umbilical fissure in front and the fissure for 
the ductus venosus behind. The right limb of the H is formed in front by the 
fissure or fossa for the gall-bladder, and behind by the fissure for the inferior 
vena cava ; tho^ two fissures are separated from one another by a band of 
liver-substance, termed the caudMe lobe. The bar connecting the two limbs 


Fia. 969.—Tlie liver. Superior and anterior surfaces. (Slightly modified from 

His’ model.) 



of the H is the transverse or portal fissure ; in front of it is the quadrate lobe, 
beliind it the Spigelian lobe. 

The superior surface (fig. 959) comprises a part of both lobes, and,‘as. a 
whole, is convex, and fits undtsr the vault of the Diaphragm ; its central part, 
however, presents a shallow depression, which corresponds with the position 
of the pericardium on the upper surface of the Diaphragm.* It is separated 
from the anterior, posterior, and lateral surfaces by thick, rounded borders. 

'ItiS left extremity is separated from the under surface by a prominent shai^ 
margin. Except along the lines of attachment of the falciform ligament it is 
completely covered by peritoneum. 

‘ The anterior .surface is large, triangular in shape, and comprises also a part 
of both lobes. It is directed forwards, and the greater part of it is in contact 
vrith the Diaphragm, which separates it on the right from the sixth to the tenth 
ribs and their cartilages, and on the left from the seventh and eighth costal 
cartilages. In the middle line it lies behind the ensiform cartilage, and in 
the angle between fhe diverging rib cartilages of opposite sides is in contact 
with the abdominal wal}. It is separated from the inferior surface by a sharp 
margin, and from the superior and lateral surfaces by thick rounded borders. 
It is completely covered by peritoneum except along the line of attachment 
of the falciform ligament. 
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The lateral or rigM surface is covered by peritoneum, and is convex from 
before backwards and slightly so from above downwards. It is Erected 
towards the right side, forming the base of the wedge, and lies against the 
lateral portion of the Diaphragm, which separates it from tlie lower part of 
the pleura and lung, outside wmch are the right costal arches from the seventh 
to the eleventh inclusive. 

The inferior or'visceral surface {figs. 960, 961) is uneven, concave, directed 
downwards, backwards, and to the left, and is in relation with the stomach 
and duodenum, the hepatic flexure of the colon, and the riglit kidney and 
suprarenal gland- The surface is almost completely invested by peritoneum ; 
the only parts where this covering is absent are where the gall-bladder is 
attached to the liver, and at the transverse fissure where the two layers of the 
lesser omentum are separated from each other by the blood-vessels and ducts 
of the viscus. The inferior surface of the left lobe presents bcsliind and to the 
left an impression (impressio cardiaca) whore it is moulded over the cardiac 
part of the stomach, and to the right of this a rounded eminence, the iuher 
omentale, w'hich fits into the concavity of the lesser curvature of the storaacli 

iio. 960.—^The liver. Inferior surface. (Brawn from His’ model.) 


Itight laleraJ ligamrni 



and lies in front of the anterior layer of .the lesser omentum. The under 
surface of the right lobe is divided into two unequal portions by a fossa, the 
fossa vesicalis (fessa vesicae fellese), which lodges the gall-bladder ; the portion 
to the left, the smaller of the two, is the quadrate lobe, and is in relation wdth 
the pyloric end of the stomach and the first portion of the duodenum. The* 
portion of the under surface of the right lobe to the right of the fossa vesicalis 

E resents two shallow' impressions, one situated behind the other, the two 
eing separated by a ridge. The anterior of these two impressions, the 
impr^sio colica, is produced by the hepatic flexure of the colon ; the posterior, 
the impressio renalis, is occupied by the upjwr part of the right kidney and 
lower part of the right suprarenal gland. To the inner side of the renal 
impression is a tlurd and slightly marked impression, lying betw'een it and the 
neck of the gall-bladder. TMs is caused by the second portmn of the duodenum, 
and is known as the impressio duodenalis. Just in front of the inferior vena 
cava is a narrow strip of liver tissue, the caudate lobe, which connects the right 
inferior angle of the Spigelian lobe to the under surface of the right lobe. It- 
forms the upper boundary of the foramen of Winslow. 
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The posterior surface (fig. 961) is rounded and broad behind the right lobe, 
but narrow on the left. Over a large part of its extent it is not covered by 
peritoneum ; this uncovered portion is about three inches broad at its widest 
part, and is in direct contact with the Diaphragm. It is marked off from 
the upper surface by the line of reflection of the upper or anterior layer of 
the coronary ligament, and from the under surface by the line of reflection of the 
lower layer of the coronary ligament. The central part of the posterior surface 
presents a deep concavity which is moulded on the vertebral column and 
crura of the Diaphragm. To the right of this the inferior vena cava is lodged 
in an indentation in the liver substance, lyiHjjpbotween the uncovered area 
and the Spigelian lobe. Close to the right of this indentation and immediately 
above the renal impression is a small triangular depressed area {impressio 
suprarenalis), the greater part of which is devoid of peritoneum; it lodges 
tJio right suprarenal gland. To the left of the inferior vena cava is the 
Spigelian lobe, wliich lies between the fissure for the vena cava and the fissure 
for the ductus venosus. Its lower end projects and forms part of the posterior 
boundary of the transverse fissure ; on the right, it is connected with the 

Fia. 961.—^Tho liver. Posterior surface. (Dravm from His’ model.) 


Suprarrnal impression 



Umbilical fissure 


under surface of the right lobe of the liver by the caudate lobe, and on the 
left it presents a tubercle, the tuber papillare. Its posterior surface rests upon 
the Diaphragm, being separated from it merely by the upper.part.of the lesser 
sac of the peritoneum. To the left of the fissure for the ductus venosus is a 
-groove in which lies the antrum cardiacum of the oesophagus. 

The inferior border is thin and sharp, and marked opposite the attachment 
of the falciform ligament by a deep notch, the umbilical notch, and opposite the 
cartilage of the ninth rib by a second notch for the fundus of the gall-bladder. 
In adult males this border generally corresponds with the lower margin of the 
thorax in the right nipple line ; but in women and cliildren it usually projects 
below the ribs. 

The left extremity of the liver is thin and flattened from above downwards. 

Fissures (fig. 961).-z-A8 already described, five fissures are seen upon the 
under and posterior surfaces of the liver. They are, the umbilical fissure and 
the fissure for the ducttis venosus, forming together the longitudinal fissure ; 
the transverse fissure; the fissure for the gall-madder; and me fissure for the 
inferior vena cava. 
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The longitudinal fiaswe (fossa sagittalis sinistra) is a deep groove, which 
extends from the notch on the antrtior margin of the liver to the upper border 
of the posterior surface of the or^tm; it separates the right ana .left lobes. 
The transverse fissure joins it, at nght angles, and divides it into two parts. 
The anterior part, or wmhilical fissure (fossa venae umbilicalis), lodges the 
umbilical vein in the foetus, and its remains (the ligamcntum teres) in the adult; 
it lies between the quadrate lobe and the left lobe of the liver, and is often 
partially bridged over by a prolongation of the liepatic substance, the pons 
hepatia. The posterior part, or fissure for the ductus venosus (fossa ductus 
venosi), lies between the left lobe and the lobe of Spigelius ; it lodges in the 
foetus the ductus venosus, and in the adult a slender fibrous cord (lig. venosura), 
the obliterated remains of that vessel. 

The transverse or portal fissure (porta hepatis) is a short but deep fissure, 
about two inches in length, extending transverselj’^ across the under surface of 
the left portion of the right lobe, nearer its posterior surface than its anterior 
border. It joins nearly at right angles with the longitudinal fissure, and separ¬ 
ates the quadrate lobe in front from the caudate and Spigelian lobes behind. It 
transmits the portal vein, the hepatic artery and nerves, and the hepatic duct 
and lymphatics. The hepatic duct lies in front and to the right, the hepatic 
artery to the left, and the portal vein behind and between the duct and artery. 

The fissure for the gall-bladder (fossa vesicae fellese) is a shallow, oblong 
fossa, placed on the under surface of the right lobe, parallel Avith the longi¬ 
tudinal fissure. It extends from the anterior free margin of the liver, which 
is notched by it, to the right extremity of the transverse fissure. 

The fissure for the inferior vena cava (fossa venae cavae) is a short deep 
fissure, occasionally a complete (;anal, in consequence of the substance of the 
liver surrounding the vena cava. It extends obliquely upwards on the posterior 
surface from the lobus caudatus which separates it from the transverse fissure, 
and is situated between the Spigelian lobe and the bare area of the liver. On 
slitting open the inferior vena cava the orifices of the hepatic veins will be 
seen opening into this vessel at its upper part, after perforating the floor of 
this fissure. 

Lobes.—^The lobes of the liver, like the hgaments and fissures, are five in 
number—the right lobe, the left lobe, the lobus quadratus, the lobus S})igelii. 
and the lobus eaudatus, the last three Iwing merely parts of the right lobe. 

The right lobe is much larger than the left; the proportion betAveen them 
being as six to one. It occupies the right hypochondrium, and is separated 
from the left lobe on its upper and anterior surfaces by the falciform ligament: 
on its under and posterior surfaces by the longitudinal fissure ; and in front 
by the umbilical notch. It is of a someAvhat quadrilateral form, its under 
and posterior surfaces being marked by three fissures : the transverse fissure, 
the fissure for the gaU-bladder, and the'fissure for the inferior vena cava, 
which separate its left part into three smaller lobes : the lobus Spigelii, lobus 
quadratus, and lobus caudatus. The impressions on the right lobe have 
already been described.' 

The lobus quadratus is situated on the under surface of the right lobe, 
bounded in front by the inferior margin oi the liver ; behind by the trans¬ 
verse fissure ; on the right, by the fossa for the gall-bladder ; and on the 
left, by the umbilical fissure. It is oblong in shape, its antero-posterior 
diameter being greater than its transverse. 

The hbus Spigelii is situated upon the posterior surface of the right lobe of* 
the liver, opposite tlie-tenth and elevimth-thoracsio--vertebrae. It is bounded, 
below, by the transverse fissure ; on the right, by the fissure for the inferior 
vena cava ; and, on the left, by the fissure for the ductus venosus. It looks 
backwards, being nearly vertical in position ; it is longer from above doAA'nwards 
than from side to side, and is somewhat concave in the transverse direction. 

The lobus caudattis, or tailed lobe, is a small elevation of the hepatic 
substance extending obliquely outwards, from the lower extremity of the 
lobus Spigelii to the under surface of the right loba. H is situated behind 
the transverse fissure, and separates the fissure for the gall-bladder from the 
commencement of the fissure for the inferior vena cavL 

The left lobe is smaller and more flattened than the right. It is situated 
in the epigastric and left hypochondriac regions. Its upper surface is slightly 
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convex and is moulded on to the Diaphram ; its under surface presents the 
yastric impression and omental ttiberosity, aheady referred to. 

Lig^aments.—^The liver is connected to the under surface of the Diaphragm 
and to the anterior wall of the abdomen by five ligaments, four of which are 
peritoneal folds ; the fifth is a round, fibrous cord, resulting from the oblitera¬ 
tion of the umbilical vein. These ligaments are the falciform, coronary, two 
lateral, and round. It is also attached to the lessor curvature of the stomach 
by the gastro-hepatic or small omentum (see page 1123). 

The falciform ligament (Ug. falciforme hepatis) is a broad and thin antero¬ 
posterior peritoneal fold, falcSorm in shape, its base being directed downwards 
and backwards, its apex upwards and backwards. It is attached by one 
margin t(j the under surface of the Diaphragm, and the posterior surface of 
the sheath of the right Rectus muscle as low down as the umbilicus ; by its 
hepatic margin it extends from the notch on the anterior margin of the liver, as 
far back as the posterior surface. It is composed of two layers of peritoneum 
closely united together. Its base or free edge contains the rormd ligament 
between its layers. 

The coronaryligamcnl (lig. coronarium hepatis) consists of an upper and 
a lower layer. Tli itpper layer is formed by the reflection of the peritoneum 
from the upper mai^n of the bare area of the liver to the under surface of the 
Diaphragm, and is continuous with the right layer of the falciform ligament. 
TJie lower layer is reflected from the lower margin of the bare area on to the 
right kidney and suprarenal gland. 

The lateral UgamentH, two in number, right and left, are triangular in 
shape. The rigM lateral ligament (lig. triangulare dextrum) is situated at 
tlic right extremity of the bare area, and is a small fold which passes to the 
Diapliragm, being formed by the apposition of thw upper and lower layers 
of the coronary ligament. The left lateral ligament (lig. triangulare sinistrura) 
is a fold of some considerable size, which connects the posterior part of 
the upper surface of the left lobe to the Diaphragm ; its anterior layer is 
continuous with the left layer of the falciform ligament. 

The round ligament (lig. teres hepatis) is a fibrous eord resulting from the 
obliteration of the umbilical vein. It ascends from the umbilicms, in the free 
margin of the falciform ligament, to.tlie notch in thn anterior border of the 
liver, from w'hich it may be traced along the longitudinal fissure on the inferior 
surface of the liver; on the posterior surface it is continued upwards as the 
obliterated ductus venosus (lig, venosum) as far as the inferior vena cava. 

Vessels and Nerves. —The vessels connected with the hvor are, the hepatic aitery, the 
portal vein, and the hepatic veins. 

The hepatic artery and portal vein, aceompaniod by numerous nerves, ascend to the 
transverse fissure, between the layers ot the gastro-hepatic omentum. The bile-durt and 
lymphatic vessels descend trom die transverse fissure between the layers of the 
same omentum. Hie relative positions of the thi-eo structures are as follows: the bile- 
duct lies to the nght, the hepatic artery to the left, and the portal vein behind and 
between the other two. Tliey are enveloped in a loose areolar tissue, the capsule of Qlisson, 
which accompanies the vessels in their course through the portal canals, in the interior of 
the organ. 

The hepatic veins convey the blood from the liver, and are described on page 760. They 
have very little cellular investment, and what there is binds their ptyictes closely to the 
walls oi the canals througli which they run ; so that, on section of the organ, they remain 
^widely open and aio solitary, and may be easily distinguished from the branches of the 
portal vein, which are more or loss collapsed, and always accompanied by an artery and 
duct. 

The lymphatics oi the liver arc described on page 786. 

The neives of the liver, derived from the left pneumogastric and sympathetic, entef 
at the transverse lissuie and accompany the vessels and ducts to the interlobular spaces. 
Here, according to Korolkow, the medullated fibres are distributed almost exclusively 
to the coats of the blood-vessels; while the non-medullated enter the lobules and ramify 
between the cells. 

Btmctare of the Liypr — ^The substance ’’ '"nposed of lobules, held together 

by an extremely fine oreolaf tissue, in whidifemify the portal vein,*hepatic ducts, hepatio 
artery, hepatio veins, lymphatics, and nerros; the whole being invested by a serous and 
a fibrous coat. • ^ 

The serous coat is derived from the peritoneum, and invests the greater part of the 
surface of the organ. It is intimately adherent to the fibrous coat. 
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Hh^’fbrous coftt lies beneath the serons investment, and covers the entire surface of the 
n^an. It is difficult of demonstration, excepting where the serous coat is deficient. At 
the transverse fissure it is continuous with the capsule of (jhssoA, and. on the surface of 
the oi^an, with the areolar tissue separating the lobules. 

The IoMps (figs. 962, 963) form the chief mass of the hepatic sulistance; they may be 
seen oithei on the surface of the organ, or by makmg a section through the gland, as small 


Fio. 962.—Longitudinal section of an Fro. 963 —^Loiigitudmai section oi a small 
hepatic vein. (After Kiernan.) portal vein and canal. (After Kiein.in ) 
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niaiiul.u bodies about tliesi/eot ainillet seed,nii.isiiiing lioinone twentiethto'ono tenth ol 
aniiuh in diaiiietii Jn the human sub)e( t then outlines aic viiyiiiegulai, butinsoracol 
the lowei animals (toi t \ara}ile, the jug) t hi > aie well dohned, and. whendiviilcd 1 1 ansveisel>, 
have (lolvgon.il outlines The bases of the lobules aie clusteicsl lound the siuallost iadi< les 
(siihMiiihii) ol the lupatir veins, to uhuh euh is (oiineeted by nie.uis ot n small blanch 
whuh issues tiom the (eiitie of the lobule (mtiafobiilar). The icmaimng pait of the 


Fi(,. 9b4 -lloiiiSontal section of hvor (dog). 


Intialofiiihii 



surface ot each lobule is impeifectly isolal»5Jll|i||piie surrounding lol|ule8 by a thin stiatum 
of areolar tissue, in which is contained a p^Ws of vessels (the ivietlobular plexus) and 
ducts. In some ammals, as the jiig. the lobules are completely isolated from one another 
by the interlobular areolar tissue. 

If one of the sublobular vems be laid open, the bases of the lobules may be seen through 
the thin wall of the vein on which they rest, arranged in a form resembling a tesselat^ 

4 F 
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pavement, tbe centre oi each poly^nal space presenting a minute aperture, the mouth 
of an intralobultur vein (fig. 962). 

Uioroioi^ abearance (fig. 965).—Each lobule consists of a mass of cells (hepatic cetts), 
surrounded by a dense capillary plexus, composed of vessels which penetrate from the 
circumference to the centre of the lobule, and terminate in the intralobular t>ein, which runs 
through its centre, to open at its base into one of the mbldbuJar veins. Between the cells 
are also the minute bile capillaries. Therefore, in the lobule there are ail the essentials 
of a secreting gland; that is to say: (\)ceUs, by which the secretion is formed ; (2) hhod- 
vesseis, in close relation with the cells, containing the blood from which the secretion is 
derived ; (3) ducts, by which the secretion, when formed, is carried away. 

(1) The hepatic are more or less spheroidal in'form ; but may be rounded, flattened, 
or many-sided from mutual compression. They vary in size from xisVti h> aAo of an inch 
in diameter. They consist of a honeycomb network, and contain one or sometimes two 
distinct nuclei. The nuclofls contains an intranuclear network and one or two rcfractile 
nucleoli. Imbedded in the honeycomb network are numerous yellow particles, the 
colouring-matter of the bile, and fat globules. The cells adhere together by their surfaces 
so as to ibrm rows, which radiate from the centre to the circumference of the lobules.* 


Fkj. 965.—A single liver lobule. 



(2) The blood,-%vssrls .—The blood in the capillary plexus around the liver-cclls is 
brought to the liver principally by the portal vein,-but also to a certain extent by the 
hepatic artery. 

The hepatic artery, entering the liver at the transverse fissure with the portal vein and 
hepatic duct, ramifies with these vessels through the jiortal canals. It gives off vaginal 
branches, which ramify in the capsule of Glisson, and appear to be destined chiefly for the 
nutrition of the coats of the vessels and ducts. It also gives off capsular branches, which 
reach the surface of the organ, terminating in its fibrous coat in stellate plexuses. Finally 
it gives off intSrldbular branches, which form a plexus on the outer side of each lobule, to 
supply the walls of the interlobular veins and the accompanying bile-ducts. From this 
plexus lobular branches enter the lobule and end in the capillary network Imtween the cells. 

The portal vein also enters at the transverse fissure, and runs through the portal canals, 
enclosed in Olisson’s capsule, dividing in its course into branches, which finally break 
up into a plexus (the interhdiidar plexus) in the interlobular spaces. These branches 
receive the vaginal and caiuiular veins, corresponding to the vaginal and capsular 
branches of tlie hepatic artery (fig. 963). Thus it will be seen that all the blood carried to 


• Uel4pine states that there are evidences of the arrangement of these cells in the form of 
columns, which form tubeSbWith narrow Inmina branching from terminal bile-ducts. This 
branching is evidenced by a divergence of the columns from lines extending between adjacent 
portal vessels. The columns of cells group round terminal bile-ducts and not round the 
so-called intralobular veins.— Lancet, 1896, vol, i. p. 1254. • 
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liver by the portal vein and hepatid aitery finds its way into the interlobular plexus, 
rrom this plexus the blood is carried into the lobule by fine branches which converge from 

centre of the lobule, and are connected by teansverse branches 
(ng. •'"4). In the interatices of the network of vessels thus formed are situated the 
Iper-cells; and here it is that, theidood being brought into intimate connection with the 
liver-cells, the bile is secreted. Arrived at the centreof the lobule, all these minute vessels 
empty themselves into one vein, of considerable size, which runs down the centre of the 
lobule from apex to base, and is called the intral()btdar vein. At the base of the lobule this 
vein opens directly into the svhlohxilar vein, with which the lobule is connected, llie 
sublobular veins unite to form larger and larger trunks, and end at last in the hepatic veins, 
winch converge to form three large trunks which open into the inferior vena cava, while 
that vessel is situated in the fissure appropriated to it at the back of the liver. 

(3) TAe bile.-ducts. —Several views have prevailed as to the mode of origin of the hepatic 
ducts; it seems, however, to be generally believed that they commence by little passages 


Fro. 966.—Section of liver. 



Fia. 967.—^A transverse section of 
a smali portal canal and its 
vessels. (After Kieman.) 



1. I’ortal vein. SI. Jutcirlohiilitr lirunclips, 
3. Vaginal briuiche!!. 1. iri-pntii’ ilucc. 
5. Hepatic ojtery. 


which are formed between the cells, and which have been termed inUirceJiiilax' biliary 
panaagea or bile capillaries, although some autliorities maintain that they liave an intra¬ 
cellular origin. These passages are merely little channels or spaces loft between the 
contiguous surfaces of two cells, or in the angle where throe or more liver-cells meet 
(lig. 966), and they arc always separated from the blood capillaries by at least half the 
f liver-cell.^ The chaiincls thus formed radiate to the circurafereneo of the lobule. 
K ™ a plexus {inte.rlobxilar) between the lobules. From this plexus ducts are derived 
which pass into the jiortal canals, become enclosed in Glisson’s capsule, and, accompanying 
'^sin and hepatic artery (lig. 967), join with other ducts to form two main trunks, 
which leave the liver at the transverse fissure, and by their union form the hepatic, duct. 

StrvcMre of the ducts. —The walls of the biliary duela consist of a connectivo-tisBue coat, 
in which are muscle-cells, arranged both circularly^and longitudinally, and an epithelial 
layer, consisting of short columnar cells resting on a*distinct basement-membrane. 


Exobbtoky Appabatus of the Liver 

The excretory apparatus of the liver consists of (1) the hepatic duct, formed, 
as we have seen, by the junction of tlie two main ducts, which pass out of the 
liver at the transverse fissure ; (2) the gall-bladder, which serves as a reservoir 
for the bile ; (3) the cystic duct, or the duct of the gall-bladder ; and (4) the 
cxrnim^ bile-duct, formed by tlie junction of the hepatic and cystic ducts. 

The hepatic duct-^-Two main trunks of nearly equal size issue from the 
hvor at the transverse fissure, one from the right, the other from the left lobe ; 
these unite to form the hepatic duct (ductus hopaticus), Vhich then passes 
and to the light for about an inch and a h^f, between the layers 
of the lesser omentum, where it is joined at an acute angle by the cystic duct, 
and so forms the common bile-duct (ductus choledochus). The hepatic duct 
IS accompanied by ttie hepatib artery and portal vein. 


4 P 2 
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Tlie g^all-bladder (vesica follea) (fig. 968)ls a conical or peat-shaped musculo- 
menibranous sac, lodged in a fossa on the under?surface of tlie right lobe of 
the liver, and extending from near the right extremity of the transverse 

fissure to the anterior border of the organ. 

908.—The*gall-bladder and bile- It is from three to four inches in length, 

ducts laid open. (Spalteholz.) one inch in breadth at its widest part, and 

liolds from eight to ten drachms. It is 
divided into a fundus, body, and neck. 

fund’us, or broad extremity, is directed 
downwards, forwards, and to the right, and 
projects beyond the anterior border of the 
liver ; the body and neck lie in the fossa' 
Gall- vesicaUs, and are directed upwards and 
biadfUt backwards to the left. The upper surface 
of the gall-bladd(!r is attacfiied to tJie liver 
*■ by connective tissue and vessels. The 
under surface is covered by peritoneum, 
Avhich is reflc(!ted on to it from the surface 
* ,, of the liver. Occasionally the whole of the 
’ ■'**'' ■^(in'gan is invested by the serous membrane, 
and is then connc(;ted to the liver by a 
kind of mesentery. 

Relations. —The body (corpus vesica* 
felleae) is in relation, by its up])er surface, 
with the liver, to which it is connected by 
ar(*olar tissue and vessels ; by its under 
surface, with tlie comimuicenuint of tlic 
transvci'se colon ; and fart her back usually 
with the upper end f)f the descending 
})ortion of the duodenum, but sometimes 
with the first jjortion of tlui duodenum or 
])yloric end of the stomacli. The 
(fundus vesica* fcllca*) is completely in¬ 
vested by peritoiw'um ; it is in relation, in 
front, with the abdominal parietes, im¬ 
mediately beloAv tlie ninth costal cartilag*? ; 
behind with the transverse arch of the 
colon. The neck (collum vesiem fcllca*) is 
narrow, and curves u])(m itself like the 
letter S ; at its point of connection Avith the cyHti<! duet it presemts a 
w('l I- marked constrict ion. 

Structure (tig. —The gall-bladder (ionsists of three coats: sei-ou.s, fibioiis and 

muscular, and mucous. 

'J'hc exterwil or tteroun coat is derived from the peritoneum ; it comiiletelj* invests the 
fundus, but covei-s the body and neck only on their under surfaces. 

The Jihrv-wiisrular coal, a thin l)ut strong layer forming the framework of the 
sac, consists of dense fibrous tissue, which interlae.«*s in all dii-cctions, and is mixed 
with plain inu.seular fibres, dis|)Osed ohielly in a longitudinal direction, a few running 
transversely. '■ 

The intenuil or mncoiix coat is loo.sely connected with the liltrous layer. It is generally 
of a yelloAvish-brown coloiu*, arid is^Slevatr-d into minute rugae. Opixrsite the neck of the 
gall-liladder the nnicous membrane projects inwards in the form of oblique ridges or folds, 
forming a sort of spiral valve (valvula spiralis). 

'I'lio mucous mcmbi'une is continuous through the hepatic duct with the mucous 
momlirane lim'ng the ducts of the liver, and through the common bile-duct with the 
mucous membrane of the alimentary canal. It. is covered with columnar epithelium, and 
secn-tes mucin; in some animals it secretes a nucleo-protein instead of mucin. 

The Cjrstic duct (ductus cyatirms), about an inch and a half in length, runs 
backw'ards, doAvinv&rds, and to the left from the nock of tlie gall-bladder, and 
joins the hepatic duct to form the common bile-duct. The mucous membrane 
lining its interior is thrown into a series of crescentic* folds, from five to twelve 
in number, similar to those found in the neck of the gall-bladder. They 
project into the duct in regular succession, and are directed obliquely round 
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the tube, presenting much the appearance of a continuous spiral valve. When 
the duct is distended, the spaces between the folds are dilated; so as to give to 
its exterior a twisted appearance. 

The common bile-duct (ductus eholcdochus) is formed by the junction 
of the cystic and hepatic, ducts; it is about three inches in length, and of 
the diameter of a goose-quill. 

, It descends along the right border of the lesser omentum behind the first 
portion of the duodenum, in front of the portal vein, and to the right of 


Fio. 969.—^Transverse section of gall-bladder. 



(he liepatic artery ; it then passes between the head of tlic pancreas and 
d(isccnding portion of th(i duodemum, and, running for a sliort distance 
along tlu! right side of tlie terminal part of the [)ancreatic duct, passes 
with it, obliquely between tlu*. mucous and muscular coats. Tli<< two 
ducts unite and open by a common orifice upon tlie summit of a pa})illa, 
situated at tlu^ inner side of (Jic descending portion of the duodenum, a little 
below'its middle and about tlirec or four indies from they)ylovus (fig. 941). The 
short tube formed by the union of the two ducts is dilated into .an am]>ulla, 
flic ampulla of Vater. 

Structure.—The coats of the large biliary ducts are an external or fibrous, and an 
internal or niucsous. The fibrous coat is composed of strong fibro-areolar tissue, with a 
certain amount of muscular tissue, aiTangod, for Ifie most i)art, in a einnilar manner around 
tlie duct. The mucous coat is continuous with the lining membrane of the heyiatic ducts 
and gall-bladder, and also with that of the duodenum ; and, like the mucous membrane 
of those structures* its epithelium is of the columnar variety. It is provided with numerous 
mucous glands, which are lobnlated and open by minute orihoes seatteretl irregularly 
in the largci; ducts. 

Surface Relations. —Tlic liver is situated mainly in the right hyjiocliondriai! and the 
epigastric regions, and is moulded to the dome of the Diaiihragm. In the greater ]mrt of ils 
extent it lies under qpvor of the lower ribs and their cartilages, but in the epigastric region 
it comes in contact with the abdominal wall, in the subcosfal angle. Tlie wp;x>r limit of 
the right lobe of the liver may be defined in the middle lino by (ho junction of the raeso- . 
sternum with the enaiform cartilage; on the right side the line must be carried iqiwards 
as far as the fifth rib cartilage in the line of the nipple, and then downwards te reach the 
seventh rib at the aide of the chest. The upper limit of iJu< hit fofcr may be defined by 
continuing this line to the loft, with an iiieJinal ion downwards, to u jioint about two inches 
to the left of the sternum on a level with the sixth left costal cartilage. The hipitr limit 
of the liver may be indicated by a line drawn half an inch below the lower border of the 
thorax on the right side, as far as the ninth right costal cartilage, and thence obliquely 
upwards across the subcostal angle to the eighth left costal cartilage. A slightly curved 
line with its convexity to the left from this yjoint, i.e. the eigjitb Wt costal cartilage, to 
the termination of the line indicating the upper limit, will denote the left margin of the 
liver. Birmingham teaches that the limits of tlie normal liver may bo marked out on 
the surface of the body in the following manner. Take three points: 1, half an inch 
below the right nipple; 2, half an inch below the tip of the tenth rib; and 3, one inch below 
the left nipple. Join 1 and 3 by a line slightly convex upwards; join 1 and 2 by a line 
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slightly convex outwards, and 2 and 3 by a lino slightly convex downwaixls. The fundus. 
of the gall-bladder approaches the surface behind the anterior extremity of the ninth 
costal cartilage, close to the outer margin of the right Rectus muscle; 

It must be remembered tliat the liver is subject to considerable alterations in position, 
and Uie student should make himself acquainted with the different circumstances under 
which this occurs, as they are of importance in determining the existence of enlargement 
or other diseases of the organ. 

The position of the liver varies according to the posture of the body. ■ In the erect 
position in the adult male, the edge of the liver projects about half an inch below the lower 
edge of the right costal cartilages, and its anterior border can often be felt in this situation 
^ the abdominal wall is thin. In the supine position the liver gravitates backwards, and 
recedes above the lower margin of the ribs, and cannot then be detected by the finger. 
In the prone position it falls fonvaixl, and can then generally be felt in a patient with 
loose and lax abdominal walls. ■ Its position varies also with the ascent or descent of 
the Diaphragm. In a deej) inspiration the liver descends below .the ribs; in expiration 
it is r.aised behind them. Again, in emphysema, where the lungs are voluminous and 
the Diaphragm descends very low, the liver is ]>ushcd down : in some other diseases, us 
phthisis, where the Diaphragm is much arched, the liver rises very high up. Pressure 
from without, as in tight-lacing, by compressing the lower part of the chest, displaces the 
liver considerably ; its anteiior edge frequently extending as low as the crest of the ilium ; 
and its convex surface is often at the same time deeply indented from the pressure 
of the ribs. Again, its |iosition varies greatly according to tJhegreater or less distension of 
the stomach and intestine. When the intestines are empty, the liver descends in the 
abdomen ; but when they are distended, it is pushed upwards. Its relations to surrounding 
organs may also be changed by the growth of tumours, or by collections of fluid in the 
thoracic or abdominal cavities. Ptosis of the liver, or hepatoptosis, fram abnormal laxit 5 ’ 
of its ligaments and failure of the supimrt it usually receives from the subjacent viscera, 
is an occasional cause of various nervous and gastro-intostinai disturbances. It has been 
very fully described by Olenaid and his pupils. 

A pplied Anatomy .—On account of its large size, its fixed }X)sition. and its friability, 
the liver is more frequently ruptured than any of tlie other abdominal viscera. The 
rupture may vary from a slight scratch to an extensive and complete laceration of its 
substance, ^viding it into two parts. Kometimes an internal rupture, without laceration 
of the ]writoneal covering, takes place, and such injuries are most susceptible of repair; 
but small tears of the surface may also heal; w'hen, how'ever, the laceration is extensive, 
death usually takes place from haemorrhage, on account of the fact that the hepatic veins 
are contained in rigid canals in the liver-substance and are unable to contract, and are 
moreover unprovided with valves. The liver may also be torn by the end of a broken 
rib perforating the Diaphragm. It may Ije injured by stabs or other punctured wounds, 
and when these are inflicted through the chest-wall the plcmal and peritoneal cavities 
may both be opened up, and both lung and liver wounded. In cases of wound of the liver 
from the front, hernia of a part of this viscus may take place, but generally can bo easily 
replaced. In cases of laceration of the liver, when there is evidence that bleeding is going 
on, the abdomen must be opened, the laceration sought for, and the bleeding arrested. 
This may be done temporarily by introducing the forefinger into the foramen of Winslow 
and placing the thumb on the gastro-hepatic omentum, and compressing the hepatic 
artery and portal vein between the two. Any bleeding points can then be seen and tied, 
and the margins of the laceration, if small, brought together and sutured by means of a 
blunt curvet! needle )ja.ssed from one side of the wound to tlie other. All sutures must be 
passed before any are tied, and this must bo done with the greatest gentleness, as the 
liver substance is very friable. When the laceration is extensive it must be packed with 
gauze, the end of which is allowed to hang out of the external wound. 

Abstsess of the liver is of not infrequent occurrence. 'Fhe so-called tropical abscess is 
due to absorption from the intestine of the anueba of dysentery, which reaches the liver 
through the portal system and causes the formation of a large chronic ahscess; this may open 
in many different ways on account of the relations of the liver to other organs. Thus it 
has been known to burst into tlie lungs when the pus is coughed up, or into tlie stomach 
when the pus is vomited ; it may burst into the colon, or duodenum ; or, by perforating the, 
Diajihragm, it may empty itself into the pleural cavity. It often makes its way forwards, 
and points on the anterior abdominal wall, and finally it may burst into the peritoneal 
or pericardial cavities. Abscesses of the liver frequently require opening, and this 
must, be done by an incision in the abdominal wall, in the thoracic wall, or in the lumbar 
region, according to the direction in which the abscess is tracking. The incision through 
the abdominal wall is to be preferred when possible. The abdominal wall is incised over 
the swelling, and, unless the peritoneum is a^erent, gauze is packed oil round the eximsed 
liver surface and the* abscess opened, and a large drainage ' tube inserted. Hydatid 
cysts are more often found in the liver than in any of the other viscera. The reason of 
tJiis is not far to seek. Thb embryo of the egg of the tssnia echinococcus, being liberated in 
the stomach by the disintegration of its shell, bores its way through the gastric walls and 
usually enters a blood-vessel, and is carried by the blood-stream to the hepatic bapillaries. 
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where its onward course is arrested, and where it undergoes development into the fully 
formed hydatid. 

The gall-bladder may become distended in cases of obstruction of its duct or the common 
bile-duct, or from a collection of gall-stones in its interior, thus forming a large tumour. 
The swelling is pear-shaped, and projects downward and forwards to the umbilicus. It 
moves with respiration, since it is attached to the liver. To relieve this condition, the 
gall-bladder must l)e opened (chdecyxiotomy) and the gall-stones removed. The o})eration 
is performed by an incision, two or three inches long, through the outer part of the right 
Rectus muscle, commencing at the costal margin. The ijeritoneal cavity is opened, and. the 
tumour having been found, gauze is packed round it to protect the peritoneal cavity, a^ 
it is aspirated. When the contained fluid has been evacuated the flaccid bladder is draiPi 
out of the abdominal wound and its wall incised; any gall-stones in the bladder are now 
removed and the interior of the sac sponged dry. If the case is one of obstruedion of Uie 
duct, an attempt must be made to dislodge the stone 1^ manipulation through the wall of 
the duct { or it may be crushed from without by the fingers or carefully padded forceps. 
If tills does not succeed, the safest plan is to incise the duct, extract the stone, and close 
the incision by fine sutures in two layers. After all obstruction has been removed, the 
edges of the incision in the gall-bladder may be sutured to the anterior sheath of the Rectus 
and a fistulous communication established between the gall-bladder and the exterior; 
this fistulous oiiening usually closes in Hic coumc of a few’ weeks. 'Jlie gall-bladdei; may 
bo completely removed if it be quite certain that no cause for biliary obstniction remain: 
this is also done for primary malignant growth of the \tscu8, 

Tjie I’auckeas 

'I’lie pancreas is a compound racemose gland, analogous in its structure 
to (Ite salivary glands, though softer and less compactly arranged than those 

Pig. 970. —^Thc duodenum and pancreas. 

The liver has boon lifted up and the greater [lart of the stomach removed. (Testut.) 
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organs. It is long and irregularly prismatic in shape; its right extremity, 
being broad, is called the head, and is connected to the main portion of the 
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organ, or body, by a dight constriction, the neck ; while its left extremity 
gradually tapers to form tne tail. It is situated transversely across the posterior 
nail of the abdomen, at the back of the epigastric and left hypochondriac 
Regions, Its length varies from five to six inches, and its weight from two to 
three and a half ounces. 

Relations (figs. 970, 971, 972).—The head (caput pancreatis) is flattened 
from before backwards, and is lodged within the curve of the duodenum. Its 
upper border is in contact with the first part of tlie duodenum and its lower 
overlaps the third part; its right and loft borders overlap in front, and 
insinuate themselves behind, the second and fourth jiarts of the duodenum 
respectively. The angle of junction of the lower and left lateral borders forms 
a prolongation, termed the processus uminatvs. In the groove between the 
duodenum and the right lateral and low’er borders in front are the anasto¬ 
mosing superior and inferior pancreatico-duodenal arteries; the common 
bile-duct descends behind, along the right border, to its termination in the 
second part of the duodenum. 

Fig. 971.—Transverse section through the middle of the firat lumbar vertei>ra, 

. sliowing the relations of the pancreas. (Braune.) 

lii’clus iiniurlr Kighih rimfuJ rnriilngo 



Anterior surface. —The greater part of the right half of this surface is in 
contact with the transverse colon, only areolar tissue interveaiing. From its 
upper part the neck originates, its right limit being marked by a groove for 
tlie gastro-duodcnal artery. The lower part of the right half, below the 
transverse colon, is covered by peritoneum continuous with the inferior layer 
of the transverse mesocolon, and is in contact with tlie coils of the small 
intestine. The superior mesenteric artery passes down in front of the left 
half across the processus uncinatus ; the superior mesenteric vein nins upwai’ds 
on the right side of the artery and, lieliind the nock, joins with the splenic vein 
to form the portal vein. 

Posterior surface.—'iho posterior surface is in relation with the inferior 
vena cava, the renaFveins, the right crus of tlie- Diaphragm, and the aorta. 

The neck springs frpm the right upper portion of the front of the head. 
It is about an inch in length, smd is directed at first upwards and forwards, and 
then upwards and to the left to join the body; it is somewhat flattened from 
above downwards and backwards. Its antero-superior surface supports the 
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pylorus ; its postero-inferior surface is in relation with the commencement 
of the portal vein ; on the right it is grooved by the gastro-duodenal artery. 

The body (corpus pancreatis) is somewhat prismatic in shape, and has 
three surfaces : anterior, posterior, and infeiior. 

The anterior surface (facies anterior) is somewhat concave, and is directed^ 
forwards and upwards : it is covered by the postero-inferior surface of the 
stomach w'hich rests upon it, the two organs being separated by the lesser 
satt of the peritoneum. Where it joins the neck tlicrc is a well-marked promi¬ 
nence, the tuber omentale, which abuts against the posterior surface of the small 
omentum. ‘ • 

The posterior surface (facies posterior) is devoid of peritoneum, and is in 
(!ontact with the aorta, the splenic vein, the left kidney and its vessels, tlie 
left suprarenal gland, the origin of the superior mesenteric artery, and the 
crura of the Diaphragm. 

The inferior surface (facies inferior) is narrow on the riglit but broader 
on the left, and is covered by peritoneum ; it lies upon the duodeno-jejunal 

Fia. 972.—^The pancreas and duodenum from behind. (Drawn from His’ model.) 

Superior inmenhirir nrfirry 



flexure and on some coils of the jejuuuin ; its left extremity rests on tlie 
splenic flexure of tlie colon. • 

The superior border (margo sujierior) is blunt and flat to the right; narrow 
and sharp to the left, near the tail. It commences on the right in the omental 
tuberosity, and is in relation with the cmliac axis, from which the hepatic 
artery courses to the right just above the gland, while the splenic artery runs« 
towards the left in a groove along this border. 

The anterior border (margo anterior) separates the anterior from the infeiior 
surface, and along this border the two layers of the transverse mesocolon 
diverge from one another ; one passing ujiwards over the anterior* surface, the 
other backwards over the inferior surface. 

The inferior border separates the posterior from the inferior surface; the 
superior mesenteric vessels emerge under its right extremity. 

The tail (cauda pancreatis) is narrow ; it extend^to ttie left as far as the 
lower "part of the gastric surface of the spleen, and it is in contact with the 
splenic flerture of the colon. * 

Birmingham describes the body of the pancreas as jjrojccting forw'ards as 
a prominent ridge into the abdominal cavity and forming a sort of shelf on 
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which the stomach lies. He says: ‘ The portion of the pancreas to the left 
of the middle line has a very oonsidwable antero-pOstenor thicknoss; as a 
result the anterior siirfaoeis of considerable extent; it looks strongly upwards, 
and forms a forge sa4 lm|H)Vt«it part of the shelf. As tlto ^noreas extends 
to the leljt it crosses the upper part of the kidney, arid is so 

moulded m ip the top of the kidney forms an’ extension inwards and 

backwards ol upper surface of the pancreas and extends the in this 
dipction. On the otW hand, the extremity of the pancreas comes in contact 
with the splwn in such a way that the jilane of its upper suriace nins with 
little interruption upwards and backwards into the concave gastric surface 
of the spleen, which completes tlie bed bolnnd and to the left, and, runuinu 
upw ards, forms a partial cap for the wide end of the stomach.’ * _ 

The pancreatic duct or canal of Wirsung (ductus pancronticus) extends 
transversely from left to right tlm)ugli the substance of tlie pancreas (fig. 973). 
It coinmenecb by the junction of the small ducts of the lobules situated in the 
tail of the pancreas, and, ruimiug from left to right through the body, it rei'eivc'. 
the duets of the various lobules composing the gland, t’onsiderably augmented 
in size, it reaches the neck, and turning downwards, backwards, and to the 

l’i(. 1(7S. -Tlip panel eas and its ducts. 



right, it comes into ielation with the common hilo-duet, which lies to its 
right side ; Icaviim the head of the gland, it jjasses very obliquely tlirough 
the mucous and musculai coats of tlie duodenum, and terminates by an orifice 
comtnoii to it and the common bile-duct upon tJie summit of an elevated 
pajiilla, situatis^l at the innei side of the descending portion of the duodenum, 
three or lour inches below the pylorus (fig. 941). 

Sometimes the pancreatic duct and the common bile-duct open separately 
into the duodenum. Frei^uently there is an accessory duet, which is given oft 
from the canal of Wirsung in the neck of the pancreas and passes horizontally 
to the right to open into the duodenum about an inch above the orifice of the 
main duct. It receives the duets from the lower part of the head, and is 
known as the ductw pancrcahriut accessorius or ductus Sardorini. 

The pancreatic (iuot, near the duodenum, is about the size of an ordinary 
quill: its walls are thin, consisting of two coats, an external fibrous and an 
internal mucous ; the fotter is smooth, and furnished near its termination with 
a few scattered follicles. 

• Jm/mal of Anntomy and Phytiology, vol, xxxi pt 1, p. J02. 
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structure (fig. 974).—In struotore, the pancreas resembleiB ‘the saUvary glands. It 
difiers from them, however, in certain particulars, and is looieir and softer in its texture. 
It is not enclosed in a distinct capsule, but is surrounded byMMhMr tbsoe^ edMth dips 
into its interior, and connects together the various labtdes W 4(1 iS OdBftP tt S e d. 

Each lobule, like the lobules of the salivary glands, oonsliitB fa wie''wi 
ramificatioDB of the main duct, terminating in a number of pbfldwtf or idvew, 
whi<h are tubular and somewhat convoluted. The minute doctS (Hwieoted with the ‘ 
alveoli ore narrow and lined with flattened cells. The alveoli are almost completely 
filled with secreting cells, so that scarcely any liunen is visible. some animals those 
cells which occupy the centre of the alveolus are spindle>shap^ and are known as 
the centro-acinar ceUa of Langerhans, The true 8i>Greting cells which line the wall of the 
alveolus arc very oharaoteristic. They arc columnar in ^hape and present two zones: 
an outer one, clear and finely striated next the bosemont-membrane, and an inner 
granular one next the lumen. During activity the granular zone gradually diminishes 
in size, and when exhausted is only seen as a small area surrounding the lumen. During 
the resting stages it gradually inereoses until it fills nearly three-fourths of the cell. In 
some of the secreting cells ol the iianereas is a spheiical mass, staining more easily than the 
lest of the cell; this is termed the paranvcleiia, and is believed to be an extension from the 
mu'leiis. The connective tissue between the alveoli iiresents in certain parts collections 
of cells, winch aie teimod inter-alwolnr ceU-ifkls, or islands ot Langerhans. The cells stain 
lightly and arc more or lees |)olyhedral in s ajie, forming a network in which ramify many 
capillaries. 'L’hcso ccll-islots were formerly su))poscd to siM-rete an ‘internal secretion’ 


Fia. 974.—Seefion of a portion of the pancreas. 



whwli influenced carbohydrate niotalxilism, Imt have lieeu deiiionstiated bv D.ile to be 
alveoli in a stage of exhaustion, winch alter a lime liecoine le-convcrted into tiesh alveoli. 

Vessels and Nerves—^Tlie m&iws o/ i/if pancreas aie derived fiom <hc splenic, and the 
pancFcutieo-dtiodonal blanches ot the hepatic and su^ieiior mescnteiic. Its veins open into 
the splenic and superior mesenteric veins. Its lyi^phatics are described on iiago 787. Its 
nervis aro filaments fitim the splcmc jilexus. 

Surtace lielations .—The jiancreas lies in front of the second lumbar vertebra, and can 
somcliincs be felt,*in emaciated miiijccts, when tlie stomach and colon are empfy, by 
making deep pressure in the middle lino about three inches above the umbiheus. ^ 

Applied Anatomy .—Inflammation ot the pancreas has ol late years received considerable 
attention. It appears to be due to intection of the pancreatic ducts by miero-organisms 
irom the duodenum in cases of gastro-duodcnal catarrh, or from the biliary passages m 
which a gall-stone is lodged. Acute cases usually terminate fatally and aro frequently of 
the hoeinorrhagic tyiie; chronic inflammation of the pancreas produces few symptoms of 
disease unless it is extensive, when attacks of abdominal pain, loss of a)tpetite, progressive 
weakness and wasting, and the passage of whitish fatty motions, are likely to iollow. 
Extensive fibrosis of the pancreas is also one oi the commonest lesions found post-mortem 
in cases of diabetes meliitus. Cysts ol the pancreas are sometimes met with. They 
may be the result of traumatism, when they generally (Aintam blood, or tliej' may 
be due to retention from obstruction of a duct, or from prqpsuro on the main duct by 
a gall-stone. They may attain a large size, and cause symptoms by pressing on the 
stomach, Diaphragm, or common bilo-duct. They generally pusli their way iOTwar^ 
between the stomal and transverse colon, and may then be felt as a definite tumour in 
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the middle line of the upper part of the at)domen. The tumour ia fixed and does not 
move M'ith respiration. 'Hie treatment counts in opening the aMomen in the middle 
line.^nciBing the cyst, evacuating its contents, and fixing its walls to the deeper layers of 
the abdominal wall. Drainage in the left loin, just below the last rib, can sometimes be 
established. When they are situated in the Uiil of the pancreas they may be removed. 
The pancreas is often the seat of cancer; this usually affects the head, and therefore speedily 
involves the common bile-duct, leading to persistent jaundice; or it may press upon the 
portal vein, causing ascites, or involve the stomach, causing pyloric obstruction. It has 
been said that the pancreas is the only abdominal viscus which has never been found in a 
hernial protrusion; but even this organ has been found, in company with other viscera, 
in rare cases of diaphragmatic hernia. 


UKOaENITAL OEGANS 

The urogenital organs (apparatus urogenitalis) consist of (o) tlie urinary 
oigans for the secretion and discharge of the urine and (6) tlie genital organs, 
'*uch are conccnicd with the process of reproduction. 


^J’HE URINAKY ORGANS 

The urinary organs comprise the kidneys, which secrete the urine ; tlie 
ureters, or ducts, which convey it to the bladder, where it is for a time I’ctained ; 
and the urethra, through which it is discharged frotn the body. 

The Kidneys 

The kidneys (rones) are situated in the posterior part of the abdomen, 
one on either side of the vertebral column, behind the peritoneum, and 
surrounded by a mass of fat and loose areolar tissue. Their upper (‘xtremities 
are on a. level with the upper l)ord<*r of ^hc twelfth thoracic vertebra, their 
low'or extremities on a level with tJie third lumbar. The right kidney is 
usually slightly lower than the left, probably on account of the vicinity 
of the liver. The long axis of each kidney is directed from above downwards 
and outwards ; the transverse axis from w'ithin backwards and outwards. 

Each kidney is about four and a half inches in length, two to two and a 
half in breadth, and rather more than one inch in thickness. The left is 
somewhat longer, and narrower, than the right. The w'eight of the kidney in 
the adult male varies from four and a half ounces to six ounces, in the adult 
female from four to five and a half ounces. The combined w'eight of the two 
kidneys in proportion to that of the body is about 1 to 240. 

The kidney has a characteristic form, and presents for examination two 
surfaces, tw'o borders, and an upper and lower extremity. 

Relations (figs. 975, 970, 977 ).—TIh! anterior surface (facies anterior) of 
each kidney is convex, and looks forwards and outwards. Its relations to 
iidjacent viscera differ so completely on the two sides that separate descriptions 
are necessary. 

(«) Anterior surface of right kidney. — A narrow portion at the u])jwr 
extremity is in relation with the suprarenal gland. Immediately below this 
ft large area, involving about three-fourths of the surface, lies in the renal 
impression on the inferior surface of the liver, and a narrow but somewhat 
variable area near the inner border is in contact with the second part of the 
duodenum. The low'cr part of the anterior surface is in contact externally 
with the hepatic flexure of the colon, and internally with the small intestine. 
The areas in relation with the liver and intestine are covered by peritoneum ; 
the suprarenal, duodenal, and colic areas arc devoid of peritoneum. 

(6) Anterior surface of left kidney. -A small area along the upper part of 
the inner border is in relation with the suprarenal gland, and close to the 
outer border is a narrow' strip in contact with the renal impression on the 
spleen. A broad, somdwiiat quadrilateral field, about the middle of the 
anterior surface, marks the site of contact witli the body of the pancreas, on 
the deep surface of which are the splenic vessels.” Above this is a small 
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tiiangular portion, between the suprarenal and splenic areas, in contact with 
the postero-inferior surface of the stomach. Below the pancreatic area the 
outer part is in relation with the splenic flexure of the colon, the inner witii 
the small intestine. The area in contact with the stomach is covered by the 
peritoneum of the lesser sac, while that in relation to the small intestine is 
covered by the peritoneum of the greater sac ; behind the latter are some 
branches of the left colic vessels. 

The 'posterior surface (facies posterior) of each kidney is directed back¬ 
wards and inwards. It is entirely devoid of peritoneal covering, and imbedded 
in areolar and fatty tissue. It lies upon the Diaphragm, the external and 
internal arcuate ligaments, the Psoas muscle, the anterior layer of the lumbai- 


Fio. 976.—^The relations of the kidneys, from behind. 
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aponeurosis (whhdi separates it from the Quadratus lumborum), and the 
tendon of the Transversalis muscle, oik? pr two of the upper lumbar arteries, and 
tlie last thoracic, ilio-hypogastric, and ilio-inguinal nerves. The right kidnej'^ 
rests upon the twelfth rib, the left usually on the eleventh and twtdfth. The 
Diapliragm separates tlio kidney from the pleura, which dips dow'n to form 
the phrenico-costal sinus, but frequently the muscular fibres of the Diaphragm 
are defective or absent over a triangular area immediately above the external 
arcuate ligament, and wlien tliis is the case the perin«phnb areolar tissue is in 
actual contact with the diaphragmatic pleura. 

The external harder (margo lateralis) is convex, arid is directed outwards 
and backwards, tow'ards the postero-lateral wall of the abdomen. On the left 
side it is in contact, at its upper paH, with the spleen. 
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Fio. 076.>—Tlra exterior surfaces of the kidneys, showing the areas of oontaet 

of neighbouring viscera. 
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overhansitvg anterior and posterior lips. I’his fissure is named the hilvn, and 
allows of the transmission of the vessels, nerves, and ureter. 


Fio. 977.—Tlie posterior surfaces of the kidneys, showing areas of relation 

to the parietes. 



The superior extremity (extremitas superior), directed slightly inwards as 
well as upwards, is thick and rounded, and is surmounted by the suprarenal 
gland, which covers also a small portion of the anterior surface. 
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Fiq. 978.—Sagittal sration throiigli posterior abdo 
minal wall, showing the relations of the rapsule of 
tho kidney, (Aftfi Gerota.) 
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well 84 } downwaids, is smaller and thitmer tli 
within two inch^ of the crest of the iUum. 

The relative position of the main structures in the hUtts'lf^iSk ViiMhwh: ‘ the 
vein is in front, the artery in the middle, and the ureter behind add dbrected 
downwards. IVequently, however, branches of both artery and vein are 
placed behind the ureter. 

Fixation of the kidney (figs. 978, 979).—^The kidney and its vessels 
are imbedded in a mass or 
fatty tissue, termed the 
cansula adi'vom . which is 
thickest at the onargin of 
the kidney and is prolonged 
through the hilus into the 
renal sinus. The Iqdney and 
the eapsula adiposa are en¬ 
closed in a sheath of fibrous 
tissue continuous with thosub- 
))eiitonoal fascia, and named 
the fascia renalin . At the 
outer border of "the kidney 
the fascia renalis splits into 
an anterior and a posterior 
layer. The anterior layer is 
caiTied inwards in front of 
the kidney and its vessels, 
and is lontinuoiis over the 
aorta with the corresponding 
layer of tlu* opposite sidr*. 

The posterior layer extends 
inwards behind the kidney 
and blends with the fascia on 
the Quadrat us luinbonirn and 
^*soas and through this fascia 
is attached to the vertebral 
column. At t he u])per margin 
of the suprarenal gland the 
tw o layer’s of the fascia renalis 
fuse, and unite w ith the fascia 
of tho Diaphragm ; below they remain separate, and are gradn.illy lost m the 
subperitoneal fascia of the iliac fossa. The fascia renalis is connected to the 
fibrous capsule of tho kidney by numerous trabecula', w hicJi tr.i verse t he eapsula 
adiposa, and are strongest near the lowx'r end of the organ. Beliind thcta*,eia 
renalis is a considerable quantity of fat, which constitutes the paranephric 
^ fd y . The kidney is held in position partly through the attachments of fRe 
fascia renalis and partly by the aj)]K)sition of tiie neighbouring viscera. 
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Oeaeral itractnre of the kidney —The kidney ib invested by a capsule of fibious tissue 
r'jjiinif.a. fihniisn). which forms a fim, smooth covering to tlie organ. The capsule can be 
easily stripped off, bflt in doing so, numerous fine processes of connective tissue and small 
blood-vessels are torn through. Beneath this coat, a thjp nridn mnslied . 

m uspular fib re forms an incomplete covering to the organ. When the capsule is stripped 
off,~lhe Bunaoe of tho kidney is found to be smooth and even, and of a deep rod colour. In 
infants, fissures extending for some depth may bo seen on the surface of tho organ, a remnant 
of the lobular construction of tho gland. Tho kidney is dense in texture, but is easily 
lacerable by mechanical force. If a vertical section ot the kidney l>e made from its convex 
to its concave border, and the loose tissue and fat removed from around the vessels 
and the excretory duet it will be seen that tbe kidney consists of a central cavity 
surrounded at all parts but one by the proper kidney-substance (fig. 980). This central 
cavity is called the renal sinus, and is lined by a prolongation of«the capsule, which is 
oontmued round the lips of file hilus. Through the hilus tho Wood-vessels of the kidney 
and its exoretory duct pass, and therefore these structures, uppn entering or leaving the 
kidney, ate contained withtu the sinus. The excretory duct or ureter tiegins by several 
short truncated branches termed ctdyces or infundibula (Qalyces renales), which unite to 
fomf two or three short tubes; these in turn expand into a wide funnel-shaped sac named 
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the pelvis of the kidney (pelvis reoalis). from the neck of which the ureter issu«). The 
calyces and pelvis lie within the sinus; the blood-vessels of the kidney, after passing 

Fig. 979.—^Transverse sectiop, showii^ the relations of the os2)s\ile of the kidney. 

(After Gerota.) 
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PxG. 980.—^\^erlical section of kidney. through tlie lulus, are also contained in the 

sinus, lying between its lining membrane and 
• the ex<!rotory apjiaratus. 

The kidney is com|H)sed of an internal 
frieduMary and an external cortical portion. 

llie medullary portion (suiistantia medul- 
laris) consists of a aeries of r^-eoloured striated 
conical masses, termed the medyUiiry pyramids 
or pyramids of Maljnghi (pyramides rcnales), 
the bases of which are dirooled towanls the 
circumference of the kidney, while their apices 
converge towards the renal sinus, where they 
form j)rominent [mpiUm (paidlUe renales) iiro- 
jecting into the interior of the calyces; each 
calyx receives from one to tliree papillse. 

The cortical portion (substantia corticolis) 
is reddish-brown in colour and soft and granular 
in consistence. It lies iAmediately beneath 
the capsule, arches over the bases of the 
pyramids, and dips in between adjacent 
pyramids towards the renal sinus. The parts 
dipping in between the pyramids are named 
the cortical columns (columnss renales [Bertini]), 
while the portions which connect the cortical 
columns to each other and intervene between 
the bases of the pyramids and the capsule 
are called the cortical arches (indicated between 
A and a' in fig. 980). If the cortex be examined 
with a lens, it will be seen to consist of a 
series of lighter-coloured, conical areas, termed 
medullary rays (pars ra^ta) and a darker- 
colomed intervening substance,, which from the complexity of its structure is named the 
labyrinth (pars oonvoluta). The medullary rays gradually taper towarj^ the ciroumferenoo 
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Fio. 981.—Plan of uriniferous tubes. 


of the kidney, and consist of a series of outwani prolongatioiu from the base of eaoh 
medullary pyramid. 

The cortical and meduUary parts, so dissimilar in appearance, are very similar in 
siructure, being made up of urinary tubes and 
blood-vessels, united and bound together by a 
connecting stroma. 

Minute Anatomy.—^The tubvli uriniferi (tubuli 
renales), of which the kidney is for the most 
jMirt made up, commence in the cortical portion 
oi the kidney, and after pursuing a very cir¬ 
cuitous course through the cortical and medul¬ 
lary j>arts, finally terminate at the afiices of the 
medullary pyramids by open mouths (tig. 981), 
so that the fluid which they contain is em[)tied, 

Dirough the calyces, into the pelvis ot the kidney. 

It the surface of one ot the papUko be examin^ 
with a lens, it will be seen to be studded over 
with minute openings, the oriGccs of the tubuli 
uriniteri, from sixteen to twenty m number, and 
if jiressiirc be made on a tresh kidney, urin^ will 
be seen to exude from these orifices. The tubuli 
iiriniieri commence in the labyrinth and cortical 
columns ot the kidney as the Malpighian b’dien, 
which are small rounded masses ol a deep red 
colour, varying in size, but ot an average ol 
about (in of an inch lu diameter. Each ot these 
little bodies is <-omposed ol two })aits : a central 
glomerulus ol vessels, called a Malpighian Inft; 
and a membranous cnveloiie, the Malirighian 
capsvJf, or rapsule of Binrmjn, which is the 
small pouch-like commencement oJ a ut iiuferous 
tubule. 

The Malpighian tail, oi vascular glomei ulus, 
is a netwoik ot convoluted ca]>illary blood¬ 
vessels, held together by scanty connective 
tissue. This capillary network is derived from 
a small arteiml twig, the afferent vessel, which 
pieices the wall ot tlu* capsule, generally at a 
point upi>osite to that at which the latter is con¬ 
nected with the tiilie ; and the resulting vein, the 
ej/erent vessel, emerges trom tlie capsule at the 
same })oiut. The afferent vessel is usually the 
larger ot the two (fig. 982). The Maljnghian, or 
liuwni'm's capsule, which surrounds the glomerulub, is formed of a hyaline membrane, 
supported by a small amount of connective tissae, which is continuous with the connective 
tissue of the tube. It is lined on its inner surface by a layer of squamous epithelial cells. 



A 1. Alalius’liiju biiihn.. it B. irArKiiuitiuoduIUn 
htructniL. < ( t. l#(»q)^ of IlfTile. i> IM> 
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h'lQ. 982.—Minute structure ol kidney. FiU. 983.—^Malpigliian liody. 




which are reflected from the lining membrane on to the glomerulus, at the point of entrance 
or exit of the afferent and efferent vessels. The whole s^aco oltlie glomerulus is covered 
with a continuous layer of the same cells, on a delicate supporting membrane (fig. 983). 
Thus between the glomerulus an^ the capsule a space is loft, forming a cavity lined by a 

4 a 
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continuous layer of squamous .oells; this cavity varies in size according to iJie state 
of secretion and the amount of fluid present in it. In the feetus ami young subject 
the oells are polyhedral or even columnar. 

The IvJbvli uriniferi, commencing in the Malpighian bodies, present, during their coarse, 
many changes in shape and direction, and are contained partly in the medullary and 
partly in the cortical portions of the organ. At their junction with the Malpighian capsule 
they exhibit a somewhat constricted portion, which is termed the neck. Beyond this the 
tube becomes convoluted, and pursues a considerable course in the cortical structure 
constituting the proximal convohOfd Me. After a time the convolutions disappear, and 
the tube approaches the medullary jmrtion of the kidney in a more or less spiral manner; 
this section of the tube h<is been called tlie spiral tube. Throughout this portion of their 
course the tubuli uriniferi are contained entirely in the cortical* structure, and present a 
fairly uniform calibre. They now enter the medullary {xirtion, suddenly become much 
smaller, quite straight in direction, and dip down for a variable depth into the pyramids, 
constituting the descending liinb of Henle’s loop. Bending on themselves, they form what 

is termed the loop of Henle, 

Fro. 984.-Uriniferous tube. and re-ascen^ng, they become 

suddenly enlarged and again 
spiral in direction, forming the 
ascending limb of Uenle’s loop, 
and re-enter the cortical struc¬ 
ture. This portion of the tube 
does not present a uniform 
calibre, but becomes narrower 
as it ascends, and is irregular 
in outline. As a narrow tube 
it enters the cortex and ascends 
for a short distance, when it 
again becomes dilated, iriugulor, 
and angular. This section is 
termed the zig-zag tubule ; it 
termimites in a convoluted tube, 
which exactly resembles the 
jiroximal convoluted tubule, 
and is called the distal cont>o- 
luted tubule. Tliis again ter¬ 
minates in a narrow junctional 
tube, which enters tlie straight 
or collecting tube. 

The straight or collecting tubes 
commence in the medullary 
rays of the cortex, where they 
receive the cm*ved extremities 
of the distal convoluted tubules. 
They unite at sliort intervals 
with one another, the resulting 
tubes presenting a considerable 
increase in calibre, so that a 
series of comparatively large 
tubes passes from the bases of 
the medullary rays into the 
medullary pyramids. In the 
medulla the tubes of each 
pyramid converge to join a 
central tube which finally opens on the summit of one of the papillae j the contents of the 
tube are therefore discharged into one of the calyces. 

It will bo seen from the above description that the tubes are continuous from their 
commencement in the Malpighian ladies to their termination at the orifices on the apices 
of the pyramids of Malpighi; and that the urine, the secretion of which commences jn 
the cajisule, will find its way through these tubes into the calyces of the kidney, and so into 
the ureter. Commencing at the capsule, the tube first pi-esents a narrow constricted 
l>ortion, (1) the neck. (2) It forms a wide convoluted tube, the proximal convoluted tube. 
(3) It becomes spiral, the spiral tubide. (4) It enters the m^ullary structure as a narrow, 
straight tube, the descending limb of Henk’s loop. (5) It forms Henle’s loop, and, becoming 
dilate, it ascends somewhat spirally, and, gradually diminishing in calibre, again enters 
the cortical stnicture^the ascending limb of Uenle’s loop. (6) It now becomes irregular and 
angular in outline, the zig-iag tubule. (7) It then l>ecomes convoluted, the distal convoluted 
tubule. (8) Diminishing in size, it forms a curve, the junctional tubule. (9) Finally it joms 
a straight tube, the straight collecting Me, which is continued downwards through the 
medull^ substance to open a4 the apex of a pyramid. 
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K.B.—ror the Bake ol dcarncBS tbo ^ithoUal cdlB have 
been reprctseuled more highly magnified than the tubes 
in whi(h they ore contained. 
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Struciurt of ihi tubvli uriniferi .—^The tubuli uriniferi ooiudst of basement-membrane 
lined with epithelium. The epithelium varies considerably in differeoit sections of the 
uriniferous tubes. Jn the neck the epithelium is continuous witii Aat lining the Mal¬ 
pighian capsule, and like it consists of flattened cells each containing an oval nucleus 
(fig. 984, a). In the proximal convoluted tubule and the spiral tubule the epithelium is 
polyhedral in shape, the sides of the cells not being straight, but interlocking with each 
other, and in some animals so fused together that it is impossible to make out the lines of 
junction. In the human kidney the cells often present an angular projection of the surface 
next the basement-membrane. Tliese cells are made up of more or less rod-like fibres, 
which rest by one cxti-omity on the basement-membrane, while the other projects towards 
the lumen of the tube. This gives to the cells the ap|>earance of distinct striation (Heidon- 
hain) (fig. 984. n). In the descending limb of Henle s loop the epithelium resembles that 
found in the Malpighian capsule and the commencement of the tube, consisting of flat, 
cleai epithelial plates, each with an oval nucleus (figs. 984, a; 985). In the ascending limb, 
on the other hand, the cells jiaitake more of the character of those d(*seribed as existing in 
the proximal i-onvoluted tubule, being fxilyhetliiil in shapt*, and presenting the same 
apjieai'Anee of striation. llio nucleus, however, is not situated in the centre of the cell, 
but near the lumen (tig. 984, r). After the ascending lim b of Henle’s looj) becomi's narrower 
upon entering the cortical stiaicture, tht striation api)eais to lie confined to the outer part 
ol tlie cell; at all events it is much inore*distinct in this situation; the nucleus, w'hieh 
appears flatti'ned and angular, being still situated near the lumen (fig. 984. n). In the 

h'lo. 986.*- ].A>ngitudiuai section of Kin. 980.—^Longitudinal section of 

Henle’s desoemling limb. straight tube. 
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irregular tubule, the cells undergo a still iurthcr change, becoming very angular, and pxe- 
senting thick bright lods oi maikmgs, which render the striation much more distinct than 
in any other section ol the urinary tubules (fig. 984. n). Tti the distal convoliileil tubule 
tlie epithelium appears to be somewbat similar to thai which has boon desenbed as existing 
in the proximal convoluted tuliule, but pivsenls a jieeuhai i-efiactive apjienranee (fig. 984, uj. 
In the junctional tubule, just before its entiance into the straight collecting tube, the 
oiiithelium varies greatly as regards the shape of the cells, some being angular with short 
processes, others spindle-shaped, otliers polyhetlral (lig. 984, e). 

In the straight tube the epithelium is more or less columnar: in its papillary portion 
the cells are distin(^l> coliminar and transparent (lig. 986); but as the tube ajiproachcs 
the cortex the colls are less uniform m siiapo; some are t>olyhedi'al, and others angular 
with short jirocesses (fig. 984, f and a). 

The renal blood-vessels.—llic kidney is plentifully supplied with blood by the renal 
artery, a large offset of the abdominal aorta. IJeloiv it enters the kidney, each artery 
divides into four or five branches; at the hilus these branches lie between the i-enal vein 
and ureter, the vein being in front, the ureter behind: one brancli usually lies behind 
the ureter. Each vessel gives off some small branches to the suprarenal glands to the 
ureter, and to the surrounding cellular tissue and muscles. Frequently a second renal 
artery, termed the inferior renal, is given off horn the abdominal aorta at a lower level, and 
supplies the lower portion of the kidney, whilst occasionally an additional artery enters 
the upper part of the kidney. The branches of the renal artery, while in the sinus, give 
off a few twigs for nutrition oi the surrounding tissues, and terminate in the arteriae 
propriop renaka, wMoh enter .the kidney jiroper in tlio columns of Bert in. Two of these 

From the Handbook for ike Phyeialognsal Lahoralonj. 

4 a 2 



1188 


SPLANCHNOLOGY 


pass to each medullary pyramid, and run along its sides for its entire length, giving off, as 
they advance, the afferent vessels of the Malpighian bodies in the columns. Having arrived 
at the bases of the pyramids, they form arterial arches or arcades which lie between the 
bases of the pyramids and the cortical arches, and break up into two distinct sets of branches 
devoted to the supply of the remaining portions of the kidney. 

Fig. 987.—^Transverse section of pyramidal substance of kidney of pig, 
the blood-vessels of which are injected. 


D 



a. Jwarge colhicLiug tube, cut iicrosH, Imcd witli cyliiuirical cpitliclium. h. Kranch of collcct-ini? 
tube, cut fUTOBii, lined witli epitlielium witli ftliortor cylinders, t\ d. Ifciilo'ii loo]* cut aciotiiit. 
c. llIood-t'^cBKClH out acro^. i). CJonncf’tive-tiKsue yround-Kubstanco. 


Thefir^ seU the interlobular arleries (figs. 9H8, 089, li), are given off at right angles from 
the side of the arterial arcade looking towards the cortical substance, and pass directly 
outwards between the medullary rays to roach the fibrous capsule, where they terminate 
in the capillary network of this part. These vessels do not anastomose with each other, 
but form what are called end-arterien. In their outward course they give off lateral branches; 

Fig. 988.—Diagrammatic sketch of Fig. 989 .—A portion of lig. 988 enlarged, 

the blood-vessels of the kidney. (The references arc the same.) 



i. a. Proper reual artery and vein, (4ie former giving oS the renal aiferenls, the latter receiving tlie renal 
rflureutB. li b. Interlobnlar artery and vein, the latter oomnicmning from the ntellatc veins, and 
receiving branches from the pleviM around tlie tuboli contort!, tlie former giving off renal alTcrentB. 
f. .'Straight tube, surrounded iiy tnliuli coutorti, with which it cominunicatea, as more fully shown in 
lig. !I81. l>. Margin of medullary substance. K K K. Heceiviug tubes, out off. Vf. Arteriola! et veitm 
recta', tlie latter arising frmn (0) tlie plexus at tbc medullary apex. 


these are the afferentveaseJ^ for the Malpighian bodies (see page 1185); they pierce the 
capsule, and end in the Malpighian tufts. From each tuft the corresponding efferent vessel 
arises, and, having made Its egress from the capsule near to the point where the afferent 
vessel enters, breaks up into a number of branches, which form a dense ‘plexm around the 
adjacent urinary tubes (fig. 990). 
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The second set of branches from the arterial arcades supply the medullary pyramids, 
which they enter at their bases; and, passing straight through their substance to their apices, 
terminate in the venous plexuses found in that situation. They arc called the arterim rectce 
(figs. 988, 989, f). 

The renal veins arise from three sources, viz. the veins beneath the capsule, the plexuses 
around the convoluted tubules in the cortical arches, and the plexuses situated at the 
apices of the pyramids of Malpighi. The veins beneath the capsule {vencc atellatce) are 
stellate in arrangement, and are derived from the capillary network, into which the 
terminal branches of the interlobular arteries break uj). These join to form the veruje 
interlobulares, which pass inwards between the medullary rays, receive branches from the 
plexuses around the convoluted tubules, and, having arrived at the bases of the Malpighian 
pyramids, join with the venje rectas next to bo described (figs. 988,989, h). 

Tlie vence rectce are branches from the plexuses at the apices of the medullary j)yramids, 
formed by the terminations of the arteria', rectas. They run outwards in a straif^t com*so 
between the tubes of the medullary structure, and joining, as above stalerl, the veme 
interlobulares, form venous arcades; those in turn unite and form veins which pass along 
the aides of the pyramids (figs. 988, 989, f). 

These vessels, ven« propricc renales, accompany the arteries of the same name, running 
along the entire length of the sides of the pyramids; and, having received in their course 
the efferent vessels from the Malpighian bodies in the adjacent cortical structure, quit the 

kidney substance to enter the sinus. In this 
cavity they join the corresponding veins from 
the other pyramids to form the renal vein, which 
emerges from the kidney at the hilua and oi>ens 
into the inferior vena cava; the left vein is 
longer than the right, and (sroases in front of 
the abdominal aorta. 

Nerves of the AtV/nf'//.--The nerve# of the 
kidney, although small, arc about fifteen in 
number. Tliey have s mall uanKlia de veloped 
u pon them, and are derived from the renal 
plexiis, which is formed by branches from the 
BOfaT plexus, the lower and outer part of the 
semilunar ganglion and aortic plexus, and from 
the lesser and smallest sjJanchnic nerves. They 
cOfUrri unicat c with the spermatic plexus, a 
circumstance which may explain the oceurronoc 
of pain in the testicic in affections of the 
kidney. So far as they have been traced, they 
seem to accompany the renal artery and its 
branches, but their exact mode of termination 
is not known. 

Tlie lifmphatics of the kidney are described 
on pages 787, 788. 

Connective tissue, or intertvbvlar stroma .— 
Although the tubules and vessels are closely 
packed, a small amount of connective tissue, 
continuous with the capsule, binds them firmly 
together. I’his tissue was first described by 
Ludwig and Zawarykin have observed distinct 
and Henle has seen them between the 


Fig. 990. —^Diagrammatic repiosenta- 
tion of the blood-vessels in the sub¬ 
stance of the cortex of the kidney. 
(From Ludwig, in Strieker’s ‘ Hand¬ 
book.’) 

_A.. 
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(ioodsir, and subsequently by Bowman, 
fibres passing around the Malpighian bodies; 
straight tubes comi>osing the medullary structure. ^ 

Surface Marking. —^Kie kidneys, being situated at the back part of the abdominal cavity 
and deeply placed, cannot be felt unless enlarged or misplaced. The greater part of each 
kidney lies in the epfgastric region, i.c. internal to the mid-Poupart plane, but a small part 
is situated outside this plane, viz. in the hypochondriac region. The lower end of the left 
kidney is usually on a level with the subcostal plane: that of the right extends for about 
half an inch below this plane. The loft is somewhat higher than the right. According 
to Morris, the position of the kidney may be thus defined: Anteriorly. ‘ 1. A horizontal 
line throu^ the umbilicus is l>elow the lower edge of each kidney. 2. A vertical line carried 
upwards to the costal arch from the middle of Poupart’s ligament has one-third of the 
kidney to its outer side, and two-thirds to its inner side, i.e. between this line and the median 
line of the body.’ In adoptiqg these lines it must be borne in mind that the axes of the 
kidneys are not vertical, but oblique, and if continued upwards would meet about the ninth 
thoracic vertebra. Posteriorly. The upper end of the left kidney w oyld be defined by a line 
drawn horizontally outwards from the spinous processes of the*Bleventh thoracic vertebra, 
and its lower end by a point two inches above the iliac crest, ^e right kidney would be 
half to three-quarters of an inch lower. Morris lays down the following rules for indicating 
the position of the kidney on the posterior surface of the body; LA line parallel with, and 
one inch from the vertebral column between the lower edge of the tip of the spinous process 
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of the eleventh thoracic vertebra, and the lower edge of the spinouH process of the third 
lumbar vertebra. 2. A line the top of this first line outwards at ri^t angles to it 
for two and three-quarter inches. 3. A line from the lower end of the first transversely 
outwards for two and three-quarter inches. 4. A line parallel to IJie first and connecting 
the outer extremities of the second and thinl lines just described. 

The hilus of the kidney lies aboii t two inches from the middle line of the back at the level 
^f the spinous process of the first lumbar vertebra. 

Applied Anatomy .—^Malformations of the kidney are not uncommon. There may be 
an entire absence of one kidney, but, according to MoiTis, the number of these oases is 
‘ excessively small ’: or there may be eongenital atrophy of one kidney, when the kidney 
is very small, but usually healthy in structure. These cases are of great importance, 
and must bo duly taken into account when nephrectomy is contemplated. A more 
common malformation is where the two kidneys are fused together. They may be joined 
together only at their lower ends by means of a thick mass of renal tissue, so as to form a 
horse-shoe-shaped body, or they may be completely united, forming a disc-like kidney, 
from which two ureters descend into the bladder. These fused kidneys are generally situated 
in the middle line of the abdomen, but may l>e misplaced as well. In some mammals 
(c.g. ox and bear) the kidney consists of a number of distinct lobules; this lobulated 
condition is characteristic of the kidney of ihfi human foetus, and traces of it may persist 
in the adult. Sometimes the pelvis is duplicated, while a double ureter is not very 
uncommon. In some rare instances a third kidney may be present. 

One or both kidneys may be misplaced as a congenital condition, and remain fixed in 
this abnormal position. They are then very often misshapen. ITiey may be situated 
higher, though this is very uncommon, or lower than normal or removed farther from the 
vertebra) column than usual; or they may be displaced into the iliac fossa, over the sacro-iliac 
joint, on to the promontory of the sacrum, or into the i)elvis between the rectum and 
bladder or by the side of the uterus. In these latter cases they may give rise to very 
serious t]:oublc. The kidney may also be misplaced as a congenital condition, but may 
not be fixed*, it is then known as a Jloating kidney. It is believed to be due to the fact 
that the kidney is completely enveloped by peritoneum which then passes backwards to 
the vertebral column as a double layer, forming a mesonephron which permits of movement 
taking place.. The kidney may also bo misplaced as an acquired condition ; in these cases 
the Iddney is mobile in the tissues by which it. is surrounded, moving with the capsule in the 
perinephric tissues. This condition is known as movable kidney, and is more common in 
the female than in the male. It occurs in badly nourished people, or ui those who have 
become emaciated from any cause. It must not be confounded with the Jtoating kidney, 
which is a congenital condition due to the development of a mesonephron. The two 
conditions cannot, however, be distinguished until the abdomen is opened or the kidney 
explored from the loin. 

Injuries of the kidney arc generally due to some severe crushing force, as from being 
run over by a heavy waggon or cart, or from the alxlornen being compressed l)etwoen the 
buffers of two railway carriages. When a laceration occurs on the posterior surface of 
the organ, infiltration of blood and urine takes place into the retro-]>oritoneal connective 
tissue; this is often followed by suppuration, and death may ensue from septic jroisoning. 
When the laceration is in front, the peritoneum may be tprn and extravasation of blood 
and urine take place info tiro peritoneal cavity. Death may occur from hsemorrhago or 
peritonitis. Occasionally, when rupture involves the pelvis of the kidney or the com¬ 
mencement of the ureter, this duct may become blocked, and hydronephrosis follow. 
Sometimes the kidney may bo bruised by blows in the loin, or by beingcompreased between 
the lower ribs and the ilium when the body is violently bent forwawM. This is followed 
by a little transient hiematuria, which, however, speedily passes off. 

The loose cellular tissue around thq kidney may be the seat of suppuration, constituting 
perinephric abscess. This may be due to injury, to disease of the kidney itself, or to 
extension of inflammation from neighbouring jmrts. The abscess tends to point externally 
in the groin or loin. ' 

Tumours of the kidney, of which perhaps sarcoma, in children, is the most common, 
may be recognised by their jmsition ; by the resonant colon lying in front of them; and 
by their rounded outline not presenting a notched anterior margin like the spleen, with 
which they are most likely to be confounded. 

The kypernephronui, a benign or malignant tumour arising from the suprarenal gland, 
or from suprai-enal ‘ rests ’ or inclusions in the cortex or medulla of the kidney, is not 
infrequent. When occurring in children it is often associated with precocious growth of 
the body generally and of the hail* and sexual organs in particular. Arising, as it often 
does, in the kidney, a hyperne])hroma may be indistinguishable from a true renal tumour 
so far as the physical signs and symptoms go; it is really, however, a tumour of the 
suprarenal gland substance! 

The examination of th^ kidney should be bimanual; that is to say, one hand ^ould be 
placed in the flank and firm pressure made forwards; while the other hand is buried 
in the abdominal wall, over the situation of the organ. Manipulation of the kidney 
frequently produces a peculiar sickening sensation, with sometimes faintness. 
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The kidney may require ez^sure for exploration or the evacuation of puB 
(nephrotomy); it may be incised for the removal of stone (nephro-lithotomy); it may 
be sutured when movable or floating (nephrorrhaphy); or it may be removed (nephrectomy). 
It may be exposed either by a himbar or an abdominal incision; except in cases of very large 
tumours, a lumbar incision is best, as it has the advantages of not opening the peritoneum, 
and of affording admirable drainage. An oblique incision should be made, starting at the 
outer border of the Erector spinas, half an inch below the lost rib and directed downwards 
and forwards towards a point an inch in front of the anterior superior spine of the ilium. 
The structures divided are the skin, the su[>orficial fascia with the cutaneous nerves, the 
deep fascia, the posterior border of the External oblique muscle of the abdomen, and 
the outer border of the Latissimus dorsi ; the Internal oblique and the posterior 
aponeurosis of the Transversalis muscle; the outer border of the Quadratus lumborum ; 
the deep layer of the lumbar aponeurosis, and the transversalis fascia. The fatty tissue 
arormd the kidney is now exposed to view, and must be separated by Iho fingers, or a 
diiector, in order to reach the kidney. The operations of nephro-Uthotoniy, for the removal 
of calculi from the kidney, and nephrolomy, or incision of the kidney for abscess, &c., 
are generally performed by the lumbar incision. This route is also generally chosen for 
nephrectomy. The al>dominal operation is best performed by an incision through the outer 
part of the Rectus on the side of the kidneyto be removed; the kidney is then, reached from 
the outer side of the colon, ascending or descending, as the case may be, and the vessels 
of the colon arc not interfererl witli. The incision commencing just below tlie costal arch 
is made of varying length, according to the size of the kidney. The abdominal cavity 
is opened. Tlic intestines arc drawn inwards and the peritoneum over tlie kidney to the 
outer side of the colon iudsed, so that the fingers can be introduced behind the peritoneum. 
The kidney must now be enucleated, and the vessels firmly ligatured and divided with 
the ureter, the latter being tied, or if thought necessary stitched to the edge of the wound. 
The particular advantage of Iho abdominal operation is that tlie condition of the other 
kidney can be ascertained by manual examination, before the removal of Ihp diseased 
kidney is finally decided upon. • 

Nephrorrhaphy is the name given to the operation for fixing a movable kidney. Tlie 
kidne.v is reacheil by the lumbar incision, and its posterior surface denuded of its fatty 
cu[)sule. Tliroe stitches of medium thickness arc passed through the transversalis fascia 
and muscles and tlirough the cortical portion of the kidney, securing a good hold of it. 
When these sutures are tied, the kidney is tightly anchored in jiosition; cases which 
are seen sometimes afterwards seem however to show' that it does not always remain 
fixed. 


The Ubetbrs 

The ureters are the two tubes wMch convc^ the urine from the iddueys 
to the bladder. Each commences within the sinus of the corresponding 
kidney us a number of short cup-shaped tubes, termed calyces or infundibula, 
which encircle the renal papillae. Since a single calyx may enclose more than 
one papilla the calyces are generally fewer in number than the pyi'amids— 
the former varying from seven to thirteen, the latter from eight to eighteen. 
The calyces join to form tw'O or three short tubes, and those unite to form a 
funnel-shaped dilatation, wide above and narrow below, named the pelvis of 
the kidney, wl^h is situated behind the renal vessels and lies partly inside 
and partly outside the renal sinus. It is usually placed ona level with thespinous 
process 4rLthe hrst lumbar vertebra. 

The ureter proper measures from ten‘to twelve inches in length, and is 
a thick-wall<^ narrow cylindrical tube which is directly continuous near the 
lower end of thff kidney with the tapering extremity of the pelvis. It runs 
dowmwards and inwariis in front of the Psoas muscle and, entering thq, 
pelvic cavity, finally opens into the base of the bladder. 

The abdomirud part (pars abdominalis) lies behind the peritoneum on the 
inner part of the Psoas jnuscle, and is crossed obliquely by the spermatic 
vessels. It enters the pelvic cavity by crossing either the termination of the 
common, or the commencement of the external, iliac vessels. 

At its origin the right ureter is usually covered by the second part of the 
duodenum, and in its course downw'ards lies to the right of the inferior vena 
cava, and. is crossed by the right colic artery, while neaf the pelvic brim it 
passea behind the lower part of the mesentery and the terminal part of the 
ileum. The left ureter is crossed by the left colic artery, and near the brim 
of the pelvis passes behind the pelvic colon and its mesentery. 

The pelvic part (pars pelvina) runs at first downwards on the lateral wall 
of the pelvic cavity under cover of the peritoneum, lying in front of the internal 
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iliac vessels and on the inner side of the obliterated hypogastric artery and 
the obturator nerve and vessels. Opposite the lower part of the great sacro- 
sciatio foramen it inclines inwards behind the vas deferens (which crosses to 
its inner side) and, reaches the base of the bladder, where it is situated in front 
of the upper end of the seminal vesicle and at a distance of about two inches 
from the opposite ureter. Finally, the ureters run obliquely for about three- 
quarters of an inch through the wall of the bladder and open by slit-like 
apertures into the cavity of the viscus at the lateral angles of the trigone. 
Wien the bladder is distended the openings of the ureters are about two 
inches apart, but when it is empty and contracted the distance between them 
is diminished by one-half. Ovdng to their oblique course through the coats of 
the bladder, their upper and lower walls become closely applied to each other 
when the \iscus is distended, and, acting as valves, prevent regurgitation of 
urine from the bladder. 

In the female, the ureter forms, as it lies in relation to the wall of the pelvis, 
the posterior boundary of a shallow depression named the fossa ovarii, in •which 
the ovary is situated. It then runs inwaVds and forwards on the lateral aspect 
of the cervix uteri and upper part of the vagina to reach the base of the 
bladder. In this part of its course it is accompanied for about an inch by the 
uterine artery, which then crosses in front of the ureter and ascends between 
the two layers of the broad ligament. The ureter is distant about three- 
quarters of an inch from the lateral aspect, of the neck of the uterus. 

The ureter is sometimes duplicated, and the two tubes may remain distinct 
as far as the base of the bladder. On rare occasions they open separately into 
the bladder cavity. 

Structure (fig. 991).—^The ureter is comi)Osed of three coats : fibrous, muscular, and 
mucous. 

The fibrmis coat is (ionlinuous at one end with the capsule of the kidney on the fioor of 
the sinus ; while at the other it is lost in the fibrous strucluTO of the bladder. 

In the pelvis of the kidney the rimscular coat consists of two layers, longitudinal and 
ciroular ; the longitudinal fibres become lost u}>on the sides of the papilla; at the extremities 

of the calyces; the eiifular 

Fi«. 991.—Transverse section of ureter. fibres may be traced surrounf 

mg the medullary structure m 
the same situation. In the 
ui’eter proper the muscular 
fibres are very distinct, and 
are arranged in three layers: 
an external longitudinal, a 
middle circular, and an in- 

Fihrous tissue distinct than the 

other two. but ba'ving a general 
Longitudinal longitudinal direction. Accord- 

rnuscularfibres jng to Kolliker this internal 

layer is fAind only in the 

Circular muscular neighbourhood of the bladder. 
fibres ITie mucous coat is smooth, 

and presents a few longitudinal 
Sub-epithelial folds which become efl'aced by 
connective tissue distension. < It is continuous 
Transitional with the mucous membrane of 

ejnihelium the bladder below, while it is 

prolonged over the papillae of 
the kidney above. Its epithe¬ 
lium is of a transitional cha¬ 
racter, and resembles that found 
in the bladder (see fig. 996, 
page 1197). It consists of sevei-al 
layers of cells, of which the 
innermost — that is to say, 
the cells in contact with the 
urine—are quadrilateral in shape, with concavities on their deep surfaces into which the 
rounded ends of the cells ol the second layer fit. These, the intermediate-cells, more or 
less resemble ooJumnar epithelium, and are pear-shaped, with rounded internal extremities 
which fit into the concavities of the cells of the first layer, and narrow external extremities 
which are wedged in between the cells of the third layer. The external or third layer 
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consists of conical or otiU cells varying in number in different parts, and presenting 
processes which extend down into ttie basement-membrane. Beneath the epithelium, 
and separating it from the muscular coats, is a dense layer of fibrous tissue containing 
many elastic fibres. 

'fhe arteries supplying the ureter are branches from the rei^j, spermatic, internal iliac, 
and inferior vesical. - * 

The nerves are derived from the inferior mesenteric, spermatic, and pelvic plexuses. 

Applied Aruilomy .—^Rupture of the ureter is not a common accident, but occasionally 
occurs. If it bo torn completely across, the luine collects in the retro-peritoneal tissues; if it 
be not completely divided, the lumen of the tube may iiecomc strictured and hydronephrosis 
or pyonephrosis result. The ureter may be accidentally wounded in some pelvic operations, 
such as removal of the uterus; if this sliould hajjpen the divided ends must be sutiued 
together, or failing to accomplish this an attempt may be made to implant the upper end 
into the bladder or rectum. If this cannot be carried out the only alternative is to 
remove the kidney immediately. 

Stones not uncommonly become impacted in the ureter. These maj' occur at any 
part, but most commonly either at the point where the tube is crossing the pelvic brim 
or at the termination, where it is passing obliquely through the muscular wall of the bladder. 
In the former case, an incision with its contfe opimsite. and one inch internal to, the anterior 
superior spine of the ilium dividing all the structures down to the peritoneum, enables the 
ojmrator to reach the ureter l)y })usbing the uno])cned peritoneum inwards ; the stone can 
then be felt in the ureter, the wall of which is incised, and the s^ne extracted, free drainage 
being provided for the escajhng urine. When the stone is impacted at the vesical end of 
the tube a preliminary incision into the bladder is required, and by scratching through 
the mucous membrane overlying it the calculus can bo removed. 

The Blaijueu (fig. 992) ^ 

The bladder (vosica urinaria) is a mu.sc;ulo-rneinbranous sac which acts as 
a reservoir for the uilric ; and a.s its size, position, and relations vary according 

Fi( 3. 992,—^Median sagitbil section of male pelvis. 



to the amount of fluid it contains, it is necessary to study it as it appears 
(a) when empty, and (6) wiien distended. In both conditions the position of 
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the bladder varies with the condition of the rectum, being pushed upw'ards 
and forwards when the rectum is distended. 

The empty bladder. —When hardened in situ, the empty bladder has the 
form of a flattened tetrahedron, with its apex, tilted forwards. It presents 
a base, an ajpex, a,su^rior and an inferior surface. The base is triangular in 
shape, and is directed dow'nwards and backw'ards towards the rectum, from 
•which it is separated by tlie recto-vesical fascia, the vesicuhe seminales, and 
the terminal portions of tlie vasa deferentia.* The apex is directed forwards 
towards the upper part of the symphysis pubis, and from it a fibrous cord is 
continued upwards on the back of the anterior abdominal wall to the umbilicus. 
This cord is named the urachus, and represents the fibrous remains of the intra- 
abdominal part of the foetal allantois (see page 176). The peritoneum is 
carried by it from the apex of the bladder on to the abdominal wall to form 
what is termed the anterior or superior false ligament of the bladder. The 
superior surface is triangular, bounded on cither side by a lateral border which 
separates it from the inferior surface, and behind by a posterior border, 
represented by a line joining the two Ureters, which intervenes betw'een it 
and the base. The lateral borders extend from the ureters to the bladder 
apex, and from them the peritoneum is carried to the walls of the pelvis as 
the lateral false ligaments of the bladder. On either side of the bladder the 
peritonetjm shows a depression, which is named the paravesical fossa. The 
superior surface is directed upwards, is covered by peritoneum, and is in relation 
w-ith the pelvic colon and some of the coils of the small intestine. When the 
bladder is empty and firmly contracted, this surface is convex and the lateral 
and posterior borders are rounded; whereas if the bladder be relaxed it is 
concave, and the interior of the viscus, as seen in a vertical mesial section, 
presents the aj)pearance of a V-shaped slit with n shorter posterior and a longer 
anterior limb—the apex of the V corresponding with the orifice of the urethra. 
The inferior surface is directed downwards and is uncovered by peritoneum. 
It may be divided into a posterior or prostatic area and two infero-lateral 
surfaces. The prostatic area is somewhat triangular: it rests upon and is 
in direct continuity with the base of the prostate gland ; this area is usually 
named the neck, or cervix, of the bladder, and from it the urethra emerges. 
There is, however, no tapering part which would constitute a true neck, as 
the bladder suddenly contracts to the opening of the urethra. The infero- 
lateral portions of the inferior surface are directed downwards and outwards ; 
in front, they are separated from the sympliysis pubis by a mass of fatty tissue 
which is named the relro-pvbic pad ; behind, they are in contact with the fascia 
wluoh covers the Tjovatores ani and Obturator internus muscles. 

When the bladder is empty it is placed entirely M'ithin the pelvis, below 
the level of the obliterated liypogastrie arteries, and below the level of those 
portions of tlie vasa deferentia which are in contact with the lateral wall of 
the pelvis ; after they cross the ureters the vasa deferentia come into contact 
with the base of the bladder. As the viscus becomes filled, its base, being 
more or loss fixed, is only slightly depressed ; while its superior surface gradu¬ 
ally rises into the abdominal cavity, carrying with it its peritoneal covering, 
and at the same lime rounding off the posterior and lateral borders. 

2'he distended bladder. —When the bladder is moderately full it contains 
about a pint and assumes an oval form ; the long diameter of the oval measures 
about five inches and is directed upwards anq forwards. In this conation 
it presents a postero-superior, an antero-inferior, and two lateral surfaces, a 
base and a summit. The postero-superior surface is directed upwards and 
backwards, and is covered by peritoneum : behind, it is separate from the 
rectum b\' the reQto-vesical pouch of peritoneum, wliile its anterior part is in 
contact with the coils of the small intestine. The antero-inferior surface is 
devoid of peritoneum, and rests, below, against the pubic bones, above which 
it is in contact with the back of the anterior abdominal wall. The lower 
parts of the lateral .surffices are destitute of peritoneum, and are in contact 
with the lateral walls o'f the pelvis. The line of peritoneal reflection from 
the lateral surface is raised to the level of the oblitfiratcd hypogastric artery. 
The base or fundus undergoes little alteration in position, being only slightly 
lowered. It exhibits, however, a narrow triangular area, which is separated 
from the rectum merely by the recto-vesical fascia. This area is boimded 
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below by the prostate, above by the recto-vesical fold of peritoneum, and 
laterally by the vasa deferehtia. The vasa deferentia frequently come in 
contact with each other above the prostate, and under such circumstances 
the lower part of the triangular area is obliterated. The line of reflection of 
the peritoneum from the rectum to the bladder appears to undergo little or no 

Fra. 993.—Sagittal section through the pelvis of a newly bom male child. 



change wlieu the latter is distended ; it is situated about four inches from the 
anus. The summit' is directed upwards and forwards above the point of 
attachment of the uraelius, and licricc lire peritoneum, w'hich follows the 
urachus, forms a poucl> of varying depth boCween the summit of tlie bladder 
and the anterior abdominal wall. 


Fio. 994.—Sagittal section through the pelvis of a newly bora female ehild. 
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The bladder in the child (figs. 993, 994).—In 4he *new-born child tire 
urethral orifice of the bladder is at the level of the upper border of the 
symphysis pubis ; the bladder therefore lies relatively at a much higher level 
in the infant than in the adult. Its anterior surface is ‘in contact with about 
the lower tw^o-tliirds of that part of the abdominal wall which lies betu’een 
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the symphysifl pubis and the umbilicus ’ (Symington).* Its posterior surface 
is clothed with peritoneum as far as the level of the orifice of the urethra. 
Although the bladder of the infant is usually described as an abdominal 
organ, Symington has pointed out that only about one-half of it lies above 
the plane of the pelvic inlet. Disse maintains that the urethral orifice sinks 
rapidly during the first three years, and then more slowly until the ninth 
year, after which it remains stationary until puberty, when it again slowly 
descends and roaches its adult position. 

The female bladder (fig. 995).—In the female, the bladder is in relation 
behind with the uterus and the upper part of the vagina. It is separated from 
the anterior surface of the body of the uterus by the utero-vesical pouch 
of peritoneum, but below the level of this pouch it is connected to the front of 
the cervix uteri and the upper i>art of the anterior wall of the vagina by areolar 
tissue. When the bladder is empty the uterus rests upon its superior surface. 



The female bladder is said by some to be more capacious than that of the 
male, but probably the opposite is the case, 

. Lig^amentS. —The bladder is retained in its place by ligaments, which 
arc divided into true and false. The true ligaments are five in number : two 
antciior, two lateral, and the urachus. The false ligaments, also five in 
number, are formed by folds of the peritoneum. 

The anterior true ligaments (pubo-prostatic) extend from the back of the 
pubic bones, one on either side of the symphysis, to the front of the neck of. 
the bladder, over the anterior surface of the prostate gland. These ligaments 
are formed by the fascia endopelvina, and contain a few muscular fibres 
prolonged from the Haddcr. 

The lateral true ligaments, also formed by the fascia endopelvina, are 
broader and thipner than the preceding. They are attached to the lateral 
parts of the prostate, and to the sides of the base of tKe bladder. 

• The Arndowy of the ohild. 
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The urachus is the fibro-muscular cord already mentioned, extending 
between the summit of the bladder and the umbilicus. It is broad below, at 
its attachment to the bladder, and becomes narrower as it ascends. 

The false ligaments of the bladder are two posterior, two lateral, and one 
anterior or superior. 

The two posterior ligaments form the sacro-genital folds, already described 
{page 1124); they pass forwards from the sides of the rectum to the posterior 
and lateral aspects of the vesiculae seminalcs, and form the lateral boundaries 
of the recto-vesical pouch of the peritoneum. 

TIte tux) lateral ligaments are reflections of the peritoneum, from the lateral 
walls of the pelvis to the sides of the bladder. 

The anterior or superior ligament (ligamentum suspensorium) is the fold of 

i )eritoneum extending from the summit of the bladder to tlie abdominal wall. 
:t is carried off from the bladder by the urachus. 

Structure (fig. 996).—The bladder is composed of four coats: serous, muscular, 
submucous, and mucous. 

Tlie serona coat is a partial one, and lb doriv'od from the peritoneum. It invest.s the 
superior surface and Uie upper parts of the lateral surfaces, and is rcfieclcd from these on 
to the abdominal and pelvic walls. 

The miiscular coat consists of t hree layera -of unstriped muscular fibres: an external 
layer, comjmsed of fibres having^or the most part a longitudinal arrangement; a 
middle layer, in which ihe fibres are arranged, mdre or less, in a circular manner; and 
an internal layer, in which the fibres have a general longitudinal arrangement. 

Tlie Jihrea of the ejcfermtl longitudinal layer arise from the jioslerior surface of the body 
of the pubis in both sexes (mv-acuU puho-veaicalea). and in the male from the adjacent 
part of the prostate gland and its capsule. 

They pass, in a more or less longitudinal 
manner, uji the anterior surface of the 
bladder, over its apex, and then descend 
along its posterior surface to its base, where 
they become attached to the prostate in 
the male, and to the front of the vagina 
in the female. At the sides of the bladder 
the fibres arc arranged obliipiely and inter¬ 
sect one another. This layer has been 
named the Detruaor urime muscle.. 

The Jibrea of the middle, circular layer are 
verj' thinly and irregularly scattered on the 
body of the organ, and. although to some 
extent placed transversely to the long axis 
of the bladder, aie for the most part 
arranged obliquely. Towards the lower part 
of the bladder, round the neck and com¬ 
mencement of the urethra, they are disposed 
y in a thick circular layer, foiming the Spldncler 
veaiem, which is continuous with the mus¬ 
cular fibres of the prostate gland. 

The internal hmgikidinjal layer is thin, 
and its fasciculi have a reticular arrange¬ 
ment, but with a tendency to assume for 
the most {lart a longitudinal direction. 

Two bands of oblique fibres, originating 
behind the orifiedb of the ureters, converge 
to the back part of the jirostatc gland, and 
are inserted by means of a fibrous process, 
into the middle lobe of that organ. They 
are the muadea of the ureters, described by Sir C. Bell, who supposed that during the 
contraction of the bladder they serve to retain the oblique direction of the ureters, and 
so prevent the reflux of the urine into them. 

The stihmucous camI consists of a layer of areolar tissue, connecting together the 
muscular and mucous coats, and intimately united to the latter. 

The mmouH coat is tlfin, smooth, and of a pale rose colour. It is •continuous above 
through the ureters with the lining membrane of the urinifeioq^ tubes, and below with 
that of the urethra. It is connected loosely to the muscular coat by a layer of areolar 
tiMue, and is therefore thrown into folds ov.rugm when the gladder is empty. Over the 
trigonum vesiese the mucoq^ membrane is closely attached to the muscular coat, and is not 
thrown into folds, but is smooth and flat. The epithelium covering it is of the transitional 
variety, consisting of a superfioial layer of polyhedral flattened cells, each with one, two. 


Fio. 990.—^Vertical section of bladder. 
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or three nuclei; beneath thefie is a stratum of largo club-shaped cells, with their naiTOw 
extremities directed downwards and wedged in between smaller spindle-shaped cells. 


Fig, 997.—Superficial layer of the epi¬ 
thelium of the bladder. Composed of 
polyhedral cells of vaJrious sizes, each 
with one, two, or three nuclei. (Klein 
and Noble Smith.) 


Fro. 998.—^Deep layers of the epithelium 
of the bladder, showing large club- 
shaped cells above, and smaller, more 
spindle-shaped cells below, each with an 
oval nucleus. (Klein and Noble Smith.) 




containing oval nuclei (figs. 997, 998). There are no true glands in the mucous membrane 
of the bladder, though certain mucous follicles which exist, especially near the neck of the 
bladder, have boon regarded as such. 

Interior of the bladder. —The mucous membrane lining the bladder 
is, over fc^ie greater part of the viseus, loosely attached to tlie muscular coat, 
and appears wrinkled or folded when the bladder is contracted : in the dis¬ 
tended condition of the bladder the folds are effaced. Over a small triangular 
area, termed the triffonnm vesicce, immediately above and behind the orifice 
of the urethra, the mucous membrane is firmiy bound to the muscular coat, 
and is always smooth. The anterior angle of the trigonum veshiai is formed 
by the opcniing of the urethra ; its postero-lateral angles by the orifices of the 
ureters. Stretching behind tlic latter openings is a slightly curved ridge, the 
tortis uretericus, forming the base of tlie trigone and produced by an under¬ 
lying bundle of non-stiiped musculai’ fibres. The lateral parts of this ridge 
extend beyond the openings of the ureters, and are named the plicce, uretericce ; 
the^ are i)roduced by the terminal portions of the ureters as they traYorse 
obliquely the bladder-wall. When the bladder is illuminated the torus 
uretericus appears as a pale band and forms an important guide during the 
operation of introducing a catheter into the ureter. 

The orifices of the ■ureters are placed at the postero-lateral angles of the 
trigonum vesica?, and are usually sUt-like in form. In the (iontracted bladder 
they are about an inch apart and about the same distance from the orifice 
of the urethra ; in the distended viscus those measurements may be increased 
to about tw o inches. 

The urethral orifice is placed at the apex of the trigonum vesicae, and is 
usually somewhat crescentic in form; the mucous membrane immediately 
behind it presents a slight elevation, named the uvula vesicce. 

Veiseli and Nerves. - The arteriejs supplying the bladder are the wiiinrior. middle, and 
inferior vesical, derived fi-om thoaiiteciQiLtmnk of the internal iliac, xh^obturator and 
AciaQc aiteries also supply small visceral branches to the bladder, and in the female 
additional branches are derived from the uterine and .vaginal arteries. 

Tho.ve»Vi« form a complicated plexus round the neck, sides, and base of tlie bladder, and 
terminate in the internal iliac veins. 

The lymphatics are desori{>ed on page 788. 

'The nerves are derived from the pelvic plexuses of the sympathetic and from the third 
and fourth sacral nerves; the former supplying the upper part of the organ, the latter 
its base and neck. According to F. Darwm, the sympathetic fibres have ganglia 
connected with them, w|uch send branches to the vessels and muscular coat. 

Surface Form .—^Tho surface form of the bladder varies with its degree of distension 
and under other circumstances. In the young child it is represented by a conical figure, 
the apex of which, even when the viscus is empty, is situated in the hypogastric region, 
above the level of f^he B 3 miphysis pubis. In the adult, when the bladder is empty, its 
apex does not reach above the level of the upper border of the symphysis pubis, and the 
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whole organ is situated in the pelvis; the neck, in the male, corresponding to a lino drawn 
horizontally backwards through the B 3 nnphy 8 is, a little below its middle. As the bladder 
becomes distended it gradually rises out of the ].)elvis into tlie abdomen, and forms a swelling 
in the hypogastric region, which is perceptible to the hand, as well as to percussion. In 
extreme distension it reaches into the umbilical region. Under these circumstances the 
lower part of its anterior surface, for a distance of alrout two inches above the symphysis 
pubis, is closely applied to the abdominal wall, without the inter\'ention of peritoneum, 
so that it can be tapped by an opening in the middle line just above the B 3 unphysis pubis, 
without any fear of wounding the serous membrane. When the rectum is distended, the 
prostatio portion of the urethra is elongated and the bladder lifted out of the pelvis and 
the peritoneum pushed upwards. 

When distended the bladder can i)e felt in the male, from the rectum, behind tho 
prostate, and fluctuation can be perceived by a bimanual examination, one finger being 
introduced into the rectum and the distended bladder tajiped on the front of tJie abdomen 
with the finger, of the other hand. This portion of the bladder—that is, the portion felt 
in tho rectum by the finger—^is also uncovered by peritoneum, and the bladder may here 
be punctm-od from the rectum, in the middle line, without -risk of wounding the serous 
membrane. 

Applied Anatomy. —defect of development, in which tho bladder is imydictited, is 
known under the name of extroversion ol*the bladder. In this cundition the lower part 
of the abdominal wall and tho anterior wall of Uic bladder are wanting, so that tho postejior 
surface of the bladder presents on the alnlominal surface, and is pushed forwards by the 
pressure of the viscera within the abdomen, forming a iied vascular tumour on which the 
openings of the ureters are visible. The jtenis, except the glans, is rudimentary and 
is cleft on its dorsal surface, exposing the floor of the urethra, a condition known as 
epispadias. Tho pelvic bones are also arrested in development (soo page 331). 

The bladder may be ruptured by violence applied to the abdominal wall, when the 
viscus is distended, without any injury to the bony pelvis, or it may l)e torn in cn.ses of 
fractiirts of the pelvis. The nipture may l)e either intraperitoneal or extraperitoneal: 
that is, may implicate tho superior sitrl'ace of the bladder in the former case,*or one of the 
other surfaces in the latter. Until recently intraperitoneal ruptimc was uniformly fatal, 
but now abdominal section and suturing tin; rent with Lombert’s suture is resorted to, with 
a very considerable amount of succiess. Tho sutures are inserted only through tlie peri¬ 
toneal and muscular coats in such a way as to bring the serous surfaces at the margins of 
the wound into ap[>ositiOn, and one is inserted just beyond each end of tho w'ound. The 
bladder should be tested as to whether it is water-tight before closing the external inc.ision. 

The muscular coat of the bladder undergoes hypertrophy in cases in whi(h there is any 
obstruction to the flow of urine. Under these circumstances the bundles of which the 
mus<uilur coat (jonsists become much increased in size, and, interlacing in ail directions, 
give rise to what is known as the fnscir.ulaied blndd-er. Between these muscular bundles 
tho mucous membrane may bulge out, forming sacculi, constituting the saceubtled bladder, 
and in these little pouches phosphatic concretions may collect, forming encysted calculi. 
TTie mucous membrane is very loosely attached, except over the trigone, to allow of the 
distension of the viscus. 

Various forms of tumour have been found springing from the wall of the bladder. The 
commonest innocent tumour is the villous papilloma. Of the malignant tumours, epi¬ 
thelioma is the most common, but sarcoma is occasionally found in the bladder of children. 

In doubtful cases the cystoscope proves a valuable aid in diagnosis. Tliis instrument 
consists of a tube in which is fixed a small electric light, the wires of which run through 
the shaft of the instrument. Upon introducing this down the urethra, the bladder can 
bo examined with the eye, and a villous growth or other tumour, a calculus, or an ulcer 
can be detected; or the orifices of the ureters can bo examined, and renal htematuria 
diagnosed, and it can be definitely settled from whigh kidney the blood comes. Again, tho 
presence of minute tuberculous ulceration near the mouth of the ureter on the affected 
side may establish the diagnosis, not only of tuberculous kidney, but also of the side in 
which the disease i#located. Caspar has utilised the cy8toscoj[)e in catheterising the ureter, 
by causing a groove to be made on one side of the shaft of the instrument, along which % 
fine bougie can be passed. The mouth of the ureter is first found by the surgeon, and the 
bougie then projected into the field of vision and guided directly into tho opening. 

Puncture of the bladder may be performed oitlier above the symphysis pubis or through 
the rectum, in both cases without wounding the peritoneum. The former plan is generally 
to be preferred, since in punotm-e by tho rectum a permanent fistula may be left from 
abscess forming between the rectum and the bladder; or pelvic cellulitis may be set up ; 
moreover, it is exceedingly inconvenient to keep a canula in the rectum. In some cases, 
in performing this operation the recto-vesical pouch of peritoneum has been wounded, 
inducing fatal peritonitis. Puncture through tho rectum, therefore, has been almost 
completely abandons! in favour of the suprapubic route. • 

Access to the bladder, for the purpose of removing calculi^ or an enlarged prostate, is 
almost always effected byjthe suprapubic route, the old perineal operation being now 
rarely resort^ to. In the female, owing to the shortness of the urethra, and its ready 
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dilatability, calculi and foreign bodies and new growths, when of small size, may be 
removed by the urethral route. , 

Suprapubic cystotomy is performed by first injecting ten or twelve ouncoe of some 
weak antiseptic fluid into the bladder. Then, with or withofit distending the rectum, 
a vertical median incision, from thr^ to fom* inches in length,- is made in the hypo¬ 
gastric region immediately above the symphysis, and extended between the Pyramidales 
and Kecti muscles until the transversalis fascia is reached. This is divided and some 
fatty tissue ex^msed (space of Ketzius). Upon separating this, the anterior surface of 
the bladder will be exposed and will be recognised by its muscular fibres. A needle 
should be passed through its coats on either side of the spot selected for the opening, and 
two long pieces of silk inserted. The bladder is incised between these stays, which are 
held by an assistant and form a useful guide to the opening in the bladder when the fluid 
has escaped. 

It is important that the bladder should be emptied by catheter as a routine measure 
in women, prior to operations on the lower part of the abdomen or pelvis. Neglect of this 
precaution has, not uncommonly, led to that viscus being 0 })ened by accident. Women 
esi)ecially are apt to acquire an atonic distension of the bladder, and the fact that some 
quantity of urine has been passed immediately before operation is no guarantee that the 
viscus is not distended. If the accident should occur, the bladder wall must be carefully 
sutured before the peritoneum is opened. • 

Male Urethra 

The male urethra (urethra virilis) extends from the neek of the bladder 
to the meatus uiinarius at the end of the penis. It presents a double curve in 
the ordinary relaxed state of the penis (fig. 992). Its length varies from seven 
to eight inches ; and it is divided into three portions, the prostatic, membranous, 
and spongy, the structure and relations of which are essentially different. 
Except durftrg the passage of the urine or semen, the urethra is a mere trans¬ 
verse cleft or slit, with its upper and under surfaces in contact. At the meatus 
urinarius the slit is vertical, and in the prostatic portion somewhat arched. 

The prostatic portion (pars prostatiea) (figs. 992, 999), the widest and 
most dilatable part of the canal, is about an inch and a quarter in length. It 
runs almost v(»rtically through the prostate gland, from its base to its apex, 
lying ncai’er its anterior than its posterior surface ; the form of the canal 
is spindle-shaped, being wider in the middle than at either extremity, and 
narrowest below, where it joins the membranous portion. A transverse section 
of the canal as it lies in the prostate is horseshoe-shaped, the convexity being 
directed foi vvards, since the direction of the canal is nearly vertical. 

Upon the posterior w'all or floor is a narrow longitudinal ridge, the heru- 
montnmim, or caput (jallinaginis (crista urethralis), formed by an elevation 
of the mucous membrane and its subjacent tissue. It is from 15 to 17 mm. 
in length, and about 3 mm. in height, and contains, according to Kobelt, 
muscular and erectile tissues. When distended, it may serve to prevent the 
passage of the semen backwards into the bladder. On either side of the veru- 
montanurn is a slightly depressed fossa, the prostatic sinus, the floor of which 
is perforated by numerous apertures, the orifices of the prostatic ducts from the 
lateral lobes of the prostate gland ; the ducts of the middle lobe open behind 
the verumontanum. At the fore-part of tlie verumontanum, in the middle 
lino, is a depression, the sinus pochlaris (utriculus prostaticus), upon or within 
the margins of w'hich are the slit-like openings of the ejaculatory ducts. The 
sinus pocularis forms a cul-de-sac about a quarter of an inchrin length, wiiich 
j'uns upw'ards and backwards in the substance of the prostate behind the 
middle lobe ; its prominent anterior wall partly forms the verumontanum. 
Its walls are composed of fibrous tissue, muscuiar fibres, and mucous mem¬ 
brane, and numerous small glands open on its inner surface. It has been 
called by Weber, wiio discovered it, the uterus mascvlinus, from its being 
developed from the united lower ends of the atrophied Mullerian ducts, and 
therefore homologous with the uterus and vagina in the female. 

The membranous portion (pars mernbranacea) (figs. 992, 999) extends 
between the apex o£ the prostate and the bulb of the corpus spongiosum. It 
is the narrowest part of the canal (excejpting the meatus), and measures three- 
quarteis of an incli al«ng its upper, but only half an inch along its lower' 
surface, in consequence of the bulb projecting backw^ards beneath it. Its 
anterior concave surface is placed about an inch below and behind the pubic 
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JYo. 999.—^Tho male urethra, laid oj)en on its 
anterior (upper) surface. (Teatut.) 


Ve>u- 

montanvni 


Prostate 


Cow2>er'3 gland, 
• Bulb 


Cnis 


ardh, from which it is separated by the dorsal vessels and nerves of the penis, 
and some muscular fibres. Its posterior convex surface is separated from 
the rectum by a trian^ar space, which constitutes the perinaeum. The 
membranous portion of the urethra lies between the inferior and superior 
layers of the triangular ligament. As it pierces the inferior layer, the fibres 
around the opening are pro¬ 
longed over the tube. It is 
surrounded by the Compressor 
urethrae muscle. 

The spongy portion (pars 
cavernosa) (figs. 992, 999) is 
the longest part of the urethra, 
and is contained in the corpus 
spongiosum. It is about six 
inches in length, and extends 
from the termination of tlio 
membranous portion to the 
meatus urinarius. (Commenc¬ 
ing just below the triangular 
ligament, it passes forwards 
for a short distance ; and then, 
in the liaccid condition <»f (he 
jicnis, it bends dowmvards and 
forwards. It is narrow, and 
of uniform size in tlie body of 
tlie jjcnis, measuring about a 
quarter of an inch in diameter; 
it is dilated boliind, Avitliin 
tlie bulb, and again anteriorly 
Mitiiin the glans penis, where 
it forms the foam luivicularia 
vrethra. ^ 

'riic hulbouft jwrtion is a 
name sometimos given to the 
posterior part of the sponary 
portion contained within the 
bulb* 

The meatus uri nariua 
(orificium uretlurie externum) 
is the most contracted part of 
the urethra; it is a vertical slit, 
about a quarter of on inch in 
length, bounded on each side 
by tw'O small labia. 

The inne r surfa ce of the 
lining memtSrSIneWtheuretlira,^ 
especially on the floor of tlie' * 

spongy portion, presents the orifices of numerous mucous glands and follicles 
situated in the ^bmucous tissue, and named the glands of Littre. Besides 
these there are a number of small pitdike recesses, or lacunm, of varying 
sizes. Their orifices are directed forwards, so that they may easily interceptf 
the point of a catheter in its passage along the canal. One of these la<‘unse, 
larger than the rest, is situated on the upper surface of the fossavnavicularis; 
it is called the lacuna magtui. Into the bulbous portion are found opening the 
ducts of Cowpei’s glands?- . 


Ciopiis 

spoiiguiiKiii 



Qians 


Possa 
naiiiiilain 


Meatus 


Stmeture.—^The urethra is composed of mucous membrane, supported by a submucous 
tissue which connects it with the various structures through which it passes. 

The mucous coat forms part of the genito-urinary mucous membrane. It is continuous 
with the mucous membrane of the bladder, ureters, and kidheys; externally, with the 
integument covering the glans penis ; and is prolonged into th^ ducts of the glands which 
open into the iirethra, viz. Oowper’s glands and the prostate gland; and into the vasa 
deferentia and vesiculm seminales, tf^ugh the ejaculatory ducts. In the spongy and 
membranous portions the mucoos mmnbrane is arranged in longitudinal folds when the 
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tube is empty. Small' papillas aro found upon it, neiir the orifice; in the upjper two-thirds 
its ^ithelial lining is of the transitional variety; it then becomes columnar in shape until 
near the meatus, where it is squamous and stratified. 

The subMiicoita tiaaue consists of -a vascular erectile layer; outside this is a layer of 
unstriped muscular fibres, arranged in a circular direction, which separates the mucous 
membrane and submucous tissue from the tissue of the corpus spongiosum. 

Applied Anatomy. —^Tho urethra may be ruptured by the patient falling astride of 
any hard substance and striking his perinseum, so that the urethra is crushed against the 
pubic arch. Bleeding will at once take place from the urethra, and this, together with the 
. bruising in the perinecum and the history of the accident, will point to the nature of the 
injury. Rupture of the urethra is due in other cases to the {perforation of a periurethral 
abscess. Extravasation of urine most frequently takes {place into the perinseum in front 
of the triangular ligament, i.e. under the fascia of Colles. Both these layers of fascia are 
attached firmly to the ischio-pubio rami. It is clear, therefore, that when extravasation 
of fiuid takes place between ^em, it cannot pass backwards, because the two layers are 
continuous with each other around the Transversus perinapi musclt^ ,* it cannot extend 
laterally, on account of the connection of both these layers to the rami of the pubis and 
ischium; it cannot find its way into the pelvis, because* the opening into tliis cavity is 
closed by the triangular ligament, and, therefors, so long as these two layers remain intact, 
the only direction in which the fiuid can make its way is forwards into the areolar tissue 
of the Bcrotpim and {penis, and thence on to the anterior wall of the abdomen. 

Gonorrhopa is an acute inflammatory infection of the mucous membrane of the urethra 
which is very prevalent. The causative organisms (gonococci) pass through Uie mmous 
membrane into the submucous tissue, and most serious complications and results may 
follow. In most cases Uie disease remains limited to the part of the urethra in front of the 
‘ shut-off muscle,’ or Compressor urcthrai, but in some (about 10 jper cent.) the ‘ posterior 
urethra ’ becomes involv^ in the process, leading to an inflammation of the ojpcnings 
of the prostatic follicles. Such a condition is apt to continue as a very chronic form 
of prostatitis, and in many cases the infection will spread along the vos, giving rise to 
epididymitis. 

The anatomy of the urethra is of considerable imjportance in connection with the {lassagc 
of instruments into the bladder. Otis was the first to {point out that the uiethra is capable 
of great dilatability, so that, excepting through the external meatus, an instrument 
corresponding to 18 English gauge (29French) can usually be {passed without damage. The 
orifice of the urethra is not so dilatable, and therefore Ircquently requires slitting. A 
recognition of this dilatability caused Bigelow’ to very considerably modify the operation 
of lithotrity and intj’oduce that of litholapaxy. In {passiipg catheters, especially fine ones, 
the point of the instrument should be ke{Pt as far as {possible along the upper wpdl of the 
canal, as it is otherwise very liable to enter one of the lacunae. 

Stricture of the urethra is a disease of very common occurrence, and is generally situated 
in the spongy part of the urethra, most commonly in the bulbous {portion, just in front 
of the memlpranous urethra, but in a very considerable number of cases in the (penile or 
ante-scrotal part of the canal. The stricture usually results from the contraction of 
inflammatory products in the submucous tissue, the result, in the vast majority of all 
cases, of a prolonged gleet following gonorrhoea. Urethral stricture, however, follows 
rupture of that tube resulting from falls on tlie {perinauim, and in this variety is very dense, 
and is a most unsatisfactory condition with regard to treatment. Congenital stricture 
is also occasionally met with, and in such cases multi{ple strictures may bo pi-esent 
throughout the whole length of the spongy portion. 

Congenital defects of the urethra occur occasionally. The one most frequently met 
with is where there is a cleft on the floor of the urethra owing to an arrest of union in the ' 
middle line. This is known as hypospadias, and the cleft may vary in extent. The 
simplest and by far the most common form is where the deficiency is confined to the glans 
penis. The urethra ends at the point where the extremity of the {prepuce joins the body 
of the penis, in a small valve-like opening. The prepuce is also cleft 9 n its under surface 
and forms a sort of hood over the glans. There is a depression on the glans in the {position 
"of the normal meatus. This condition {Produces no disability and requires no ttoatment. 

In more severe cases the penile (portion of the urethra is cleft throughout its entire length, 
and the opening of the urethra is at the point of junction of the penis and scrotum. The 
under surface of the penis in the middle line presents a furrow lined by a moist mucous 
membrane, on either side of which is often more or less dense fibrous tissue stretching 
from the glans to the opening of the urethra, whibh prevents complete erection taking place. 
Great discomfoi't is induced during micturition, and connection is impossible, flhe con¬ 
dition may be remedied by a series of plastic operations. The worst form of this condition is 
where the urethra is deficient as far back as the periiueum, and the scrotum is cleft. The 
penis is small and bonlid down between the two halves of the scrotum, so os to resemble 
an h 3 rpertro{fliied clitoris. The testes are often retained. The condition of parts, 
therefore, very much resembles the external organs of generation of the female, and many 
childien the victims of this malformation have been brouglpl up as girls. The halves of 
the scrotum, deficimt of testes, resemble the labia, the qleft between them looks like the 
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orifice of the va^na, and the (fiminuti^ penis' is tahea for an enlarged clitoiis. There w 
no remedy for this condition. 

A much more uncommon form of malformation is where there is an apparent deficiency 
of the upper wall of the urethra ; this is named epispadias. The deficiency may vary in 
extent; when it is complete the condition is associated with extroversion of the bladder 
(see page 1199). In less extensive cases, where there is no extroversion^ there is an infundi- 
bulifoim opening into the bladder. The jjenis is usually dwarfed and tunied upwards, 
HO that the glans lies over the opening. 

' The Female Uretitua (fig. 995) 

The female urethra (urethra muliebris) is a narrow membranous canal, 
about an insh-a*id^Jiialf in length, extending from the neck of the bladder 
to the meatus urinariusl It is placed behind the symphysis pubis, imbedded 
in the anterior w'all of the vagina, and its direction is obliquely downwards 
and forwards; it is slightly curved with the concavity directed forwards 
and upwards. Its diametar when undilated is about a quarter of an irudi. 
It perforates the triangular ligament? and its external orifice is situated dirccdly 
in front of the vaginal opening and about an inch behind the glans clitoridis. 

Structure.—^The urethra consists of three coats : muscular,, erectile, ami mucous. 

The mvscvlar coat is <!ontinuous with that of the bladder; it extends the whole length 
of the tube, and consists of circular fibres. In addition to this, between the two layers 
of th(* triangular ligament, the female urethra is surrounded by (he Compressor urethra', 
as in the male. 

A thin layer of spongy erectile tissue, containing a plexui, of lai’gc veins, intermixed Avith 
bundles of unstri})ed muscular fibres, lies imme<liately beneath the mucous ooak 

The murems coat in pale; itis continuous externally with that of the vulva? and internally 
with that of the blailder, and is thrown into longitudinal folds, one of whidi, plncetl along 
the floor of the canal, resembles the veriimontanum in the male urethra. It is line«J by 
stratified epithelium, which becomes transitional near the bladder. Its external orifice 
is sunounded by a few raucous follicles. 


MALE EEPBODUCTIVE ORGANS 


The male reproductive organs (organa genitalia virilia) include the testes, 
the vasH deferentia, the vcsicMlve seminales, the ejaculatory ducts, and the 
penis, together Avith the following accessory structures, viz. the prostate, gland 
and Comperes glands. 


The Testes and their Coverings (fig. 1000) 


The testes are tw’o glandular organs, w'hich secrete the semen ; they are 
situated in the scrotum, being suspended by the spermatic cords. At an 
early period of foetal lifo the testes are contained in the abdominal cavity, 
behind the peritoneum. Before birth they descend to the inguinal canal, 
along which they pass with the spermatic cord, and, emerging at the external 
abdominal ring, they descend into the scfbtuni, becoming invested in their 
course by coverings derived from the serous, muscular, and fibrous layers 
of the abdominsA parietes, as well as by the scrotum. 

The coverings of the testes are, the • 


Intercoluranar fascia. 


Cremasteric fascia. 
Infundibuliform fascia. 
Tunica vaginalis. 


The scrotum is a cutaneous pouch which contains the testes and parts of 
the spermatic cords. It is divided on its surface into two lateral portions by 
a ridge, or raphe (raphe scroti), which is continued forwards to the under surface 
of the penis, and backwards along the middle line of the pdHnmum to the anus. 
Of these two lateral portions the left is longer than the right, to correspond 
with the CToater length of the left spermatic cord. Ils external aspect varies 
under different circum8tanoe.s : thus, under the influence • of warmth, and 
in old and debilitated persons, it becomes elongated and flaccid ; but; under 

4 H 2 



1204 SPLANCmi^DLdGfY 

the influence of cold, and in the and robust, it is short, corrugated, and 
closely, applied to the testes. 

The scrotum consists of two layers, the integument and the dartos. 

The integument is very thin, of a brownish colour, and generally thrown 
into folds or rugae. It is provided with sebaceous folMcles, the secretion of 
which has a pec^ar odour, and is beset with thinly scattered, crisp hairs, the 
roots of which are seen through the skin. 

The dartos (tunica dartos) is a thin layer of non-striped muscular fibres, and 
is eontinuous, around the base of the scrotum, with the two layers of the 
superficial fascia of the groin and of the porinseum, and sends inwards a septum, 
septum scroti, which divides •the scrotal pouch into two cavities for the testes, 
the septum extending between the raphe and the under surface of the penis, as 
far as its root. 

Fio. 1000.—^Transverse section through the left side of the scrotum and the left 
testiole. The sac of the tunica vaginalis is representad in a|diBtcnded condition. 
(Diagrammatic.) (Delepine.) 
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The dartos is closely united to the skin externally, but connected with the 
subjacent parts by delicate areolar tissue, upon which it glides with the greatest 
facility. 

The intert^lumnar fascia is a thin membrane, prolonged downwards 
around the sunace of the cord and testis (see page 509). It is separated from 
the dartos by loose areolar tissue.'' 

The cremasteric fascia consists of scattered bundles of muscular fibres 
{Cremaster muscle), connected together into a continuous covering by inter¬ 
mediate areolar tissue (see page 611). 

The infundibuliform fascia is a thin layer, which loosely invests the 
cord; it is a continuation downwards of the fascia transversalis (see page 616). 

The tunica vaginalis is described with the testis. 

Veuelt and Nervee.—^The arteries supplying the coverings of the testes are: the supe r¬ 
ficial and deep fistemal.j}udui.hraaches. cd the feiqoral, ^Lsuperiiciai .perineal branen 61 
^pie internal pudic, and the cremasteric branch from the~de^ epigastric. The veins follow 
the course of the corresponding arteries. The terminate in the inguinal glands. 

The nerves are the ilio-karainal and genito-crurarbranches of the lumbar plexus, the two 
superficial tMsrineal branches'of the internal pudic nerve, and the inferior pudendal branch 
of the small sciatic nerve. <. 

The inguimU or spermatic canal (canalis inguinalis) contains the 
spermatic cord in the male, and the round ligamont in the female. It is an 
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oblique oonal, about an ineh and a half in length, directed downwards «ad 
inwajde, and placed parallel with, and a little alMve, Poupart’s ligament. It 
commences, above, at the internal or deep abdominal ring, which is the point 
where the cord enters the inguinal canal; and terminates, below, at tiie external 
or superficial ring. It is bounded, in front, by the integument and superficial 
fascia, by the aponeurosis of the External oblique throughout its whole length, 
and by the Internal oblique for its outer tliird ; behind, by the triangular fascia, 
the conjoined tendon of the Internal oblique and Transvcrsalis, the transversalis 
fascia, and the subperitoneal fat and peritoneum ; above, by the arched fibres 
of the Internal oblique and Transversalis; behw, by the union of the 
transversalis fascia with Poupart’s ligament. 

The spermatic cord (funiculus spormatieus) extends from the internal 
or deep abdominal ring, whore the structures of which it is composed con¬ 
verge, to the back part of the testicle. In the abdominal wall the cord passes 
obliquely along the inguinal canal, lying at first beneath the Internal oblique, 
and upon the fascia transvgrsalis ; but nearer the pubis, it rests upon Poupart’s 
ligament, having the aponeurosis ofi^he External oblique in front of it, and the 
conjoined tendon lujlund it. It then escapes at the external ring, and descends 
nearly vertically into the scrot-im. The left eoid is rather longer than the 
right, consequently the left testis hangs somewhat low'er than its follow. 

Structure of the spermatio cord.—rhe Kjiprmatic cord is comiwsod of arteries, veins, 
lyni])liaticB, nerves, and the excretory duet oi the tetielc. Tlieso structures are connected 
together by areolar tissue, and invested by the layers brought down by the testis in its 
descent. 

The arkricn o/ the cord are: tlie spermatic, from the aorta; the artery of the vas 
deferens, from the superior vesical; and the cremasteric, from the deeji opigcwtric. 

The aperuMtic artery, a branch ot the aldommal aorta, escapes from the abdomen at 
the internal or deep aMominal ring, and accomiianies the other constituents of the 
siiennntic cord along the inguinal canal and through the external aMominal ring into 
the scrotum. It then descends to the testis, and, becoming tortuous, divides into 
several branches, two or three of which accompany the vaa deferens and supply the 
epididymis, anastomosing with the artery ol the vas deferens: the others supply 
the substance of the testis. 

The cretiuislerir artery is a branch of the deep epigastric artery. It accompanies 
the spcnnalie cord and supxilies the Cremaster muscle and other coverings of the cord, 
anastomosing with the spermatic arteiy. 

The artery of the vas deferens, a branch of the superior vesical, is a long slender 
vessel, which accompanies the vas deferens, ramifying ujKm the coats ot that duct, and 
anastomosing with the spermatic artery near the testis. 

The spermatic veins emerge irom the back of the testis, and receive tributaries from 
the epididymis: they unite and form a eonvoluteil xiloxas (plexiis pam pint I or mis), which 
forms Uio cliief mass of the cord; the vessels comi»osing this xiloxus are very numerous, 
and ascend along the cord in front ol the vas deierens ; below the external or supi'rficial 
aMominal ring they umte to lorm three or four veins, which jiass along the inguinal canal, 
and, entering the aMomen through the internal or deep alKioniinai ring, eoalcsce to form 
two veins. These again unite to form a single vein, which opens on the right side into the 
inferior vena cava, at an acute angle, and on the ielt side into the renal vein, at a right 
angle. » 

The lyfnphatic vessels terminate hi the lumbar glands. 

The nerves are the sjiermatic jilexus from the vympathetie, joined by filaments from the 
jielvie Jilexus which accompany the artery of the vas deferens. 

Applied Ana^my. —The scrotum fomis an admiiable covering for the protection of 
the testes. These bodies, lying susjiended and loose in the cavity of the scrotum and 
surrounded' by serous membrane, are eajiable of groat mobility, and can therefore easily 
slip about within the scrotum, and thus avoid injuries from blows or squeezes. The skin 
ol the scrotum is very elastic and cajiabio ol gioat distension, and on account of the looseness 
and amount of subcutaneous tissue, the scrotum becomes greatly enlarged in cases of 
cedema, to which this jiarl is especially liable as a result of its dejiendent position. The 
scrotum is occasionally the seat of epithelioma; this is no doubt due to the rugro on its 
surface, which favour the lodgment of dirt, and this, producing irritation, is the exciting 
cause of the disease, which is especially common in chimney-sweeps from the lodgment of 
soot. The disease is very much less common than it used to be ; this is probably due to 
the better hygienic conditions of the working classes. The scrotum is also the j>art.^ost 
frequently afiooted by elephantiasis. * 

On account of the looseness of the subcutaneous tissue,* large extravasations of blood 
may take place from very slight injuries. It is therefore generally recommended never 
to apply leeches to the scrotum, since they may lead to ecchymosis, but rather to 
puncture one or more of tKe suporfioial veins of the scrotum in cases where local 
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blood-letting from this part is judged to be desirable. The mtiscular fibre in 
dartos causes contraction and considerable diminution in the size of a wound of the 
scrotum, as after the operation of castration, and is of assistance in keeping the edges 
together, and covering the exposed parts. 

The testes are suspended in the scrotum by the spermatic cords, the 
left testis hanging somewhat lower than its fellow. The average dimensions of 

the testis are from ono and a half to 


Spermntie rord 

^ ii 


Artery of 
com 


Tunica « I'fin'ili'i, 
parietal layer 


Digital fo&aa- 


T* t fi» 




Fio. 1001.—The testis in situ, the tunica two inches in length, an inch in breadth, 

It vaginalis having been laid open. and. an inch and a quarter in the 

antero-posterior diameter; its weight 
Spermatic cord varies from six to eight drachms. Each 

ij||lj testis is of an oval form (fig. 1001), 

compressed laterally, and having an 
iw'ir oblique position in the scrotum; the 

HjM upper extremity is directed forwards 

W3j Ii and a little outw'ards; the lower, 

backw^ards and a little inwards; the 
anterior convex border looks forwards 
Tunica n I’fin'ili'i, downwards ; the posterior or 

parietal layer C straight border, to which the cord is 

attached, backwards and upwards. 

The anterior border and lateral 
Digitalfo6S(i-jK Surfaces, as well as both extremities of 

H the organ, are convex, free, smooth, and 

vlllv^**^** invested by the visceral layer of the 

ftill lB tunhia vaginalis. The posterior border, 
which the cord is attached, receivers 
only a partial investment from that 
membrane. Lying upon the outer edge 
of this post(*rior border is a long, 
narrow, flattened body, named, from its 
relation to the testis, the epididymis. It consists of a central portion, or 
body (corpus); an u])pcr enlarged extremity, the tjMms major, or head (caput) ; 
and a lower pointed extremity, the globus minor, or tail (cauda), which is 
continuous with the vas deferens or duct of the testis. The globus major is 
intimately connected with the upper end of the testis by means of the efferent 
ducts of the gland ; the globus minor is connected with tlie lower end by^ 
cellular tissue, and a reflection of the tunica vaginalis. The outer surface and 
upper and lower ends of the epididymis are free and covered by the serous 
membrane ; the body is also completely invested by it, excepting along its 
posterior border ; whilst between the body and the testis is a pouch, named 
the digital fossa (sinus ofudidymidis). The epididymis is conniwted to the 
back of tho testis by a fold of the serous membrane. Attached to the upper 
end of the testis, close to the globus major, aro tAvo small pedunculated bodies.* 
One of them is pear-shaped, and attached by its narrow stalk, the other is 
small and sessile ; they are Wieved to bo tho remains of the upper extremity 
of the Mullerian duct (page 170), and are termed the hydatids of Morgagni ; 
some observers, however, regard the stalked hydatid as being a rudiment of 
tho pronephros. „ 

Tho testis is invested by three tunics : the tunica vaginalis, tunica albuginea, 
and tunica vasculosa. 


Tho tunica vaginalis is the serous covering of the testis. It is a pouch 
of serous membrane, derived from tho peritoneum during the descent of the 
testis, in the foetus, from tho abdomen into the scrotum. After its descent, 
that portion of the pouch which extends from the internal ring to near the 
upper part of tho gland becomes obliterated ; the lower portion remains as a 
shut sac, w'hich invests the outer surface of the testis, and is reflected on to 
the internal surface of the scrotum ; hence it may be described as consisting of 
a visceral and parietol jm'tion. 

The visceral portion (lamina visceralis) covers tho greater part of the testis 
and epididymis, connecting the latter to the testis by means of a distinct 
fold. From the posterior border of the gland it is reflected on to the internal 
surface of the scrotum. 



THE TESTES AND THEIR COVERINGS , 1^ ; 

^The parietal portion (lamina parietalis) is far more extensive than the 
visceral portion, extending upwards for some distance in front and on the 
inner side of the cord, and reaching below the testis. The inner surface of 
the tunica vaginalis is free, smooth, and covered by a layer of endothelial 
cells. The interval between the visceral and parietal layers of this membrane 
constitutes the cavity of the tunica vaginalis. 

The obliterated portion of the pouch may generally be seen as a fibro- 
cellular thread lying in the loose areolar tissue around the spermatic cord; 
sometimes this may be traced as a distinct band from the upper end of the 
inguinal canal, where it is connected with the peritoneum, down to the tunica 
vaginalis ; sometimes it gradually becomes lost on the spermatic cord. Occa¬ 
sionally no trace of it can be detected. In some cases it happens that the 
pouch of peritoneum does not become obliterated, but the sac o||j(ho peritoneum 
communicates with the tunica vaginalis. This may give rise to ono of the 
varieties of oblique inguinal hernia (page 1169). In other cases the pouch 
may contract, but not become entirely obliterated ; it then'forms a minute 
canal leading from the peritoneum ^ the tunica vaginalis. 

The tunica albuginea is the fibrous covering of the testis. It is a dense 
membrane, of a bluish-white colour, composed of bundles of white fibrous 
tissue which interlace in every direction. Its outer surface is covered by 
the tunica vaginalis, except at the points of attachment of the epididymis to 
the testis, and along its posterior border, where the spermatic vessels enter 
the gland. Its inner surface is applied to the tunica vasculosa over the 
glandular substance of the testis, and, at its posterior border, is reflected 
into tlip. interior of the gland, forming incomplete vertical septum, called 
the mediastinum testis {corpus Higkmori). • 

The mediastinum testis extends from the upper, nearly to the lower 
extremity of the gland, and is wider above than below. From the front and 
sides of this septiun numerous slender fibrous cords and imperfect septa 
{trabeculoe) are given off, which radiate towards the surface of the organ, and 
are attached to the inner surface of the tunica albuginea. They therefore 
divide tlie interior of the organ into a number of incomplete spaces which 
arc sotnewhat cone-shaped, being broad at their bases at tlio surface of the 
gland, and becoming narrower as tlioy converge to the mediastinum. The 
mediastinum supiwrts the vessels and ducts of the testis in their passage to 
and from the substance of the gland. 

The tunica vasculosa is tbo vascular layer of the testis, consisting of a 
plexus of blood-vessels, held together by delicate areolar tissue. It covers the 
inner surface of the tunica albuginea and the different septa in the interior 
of the gland, and therefore forms an internal investment to all the spaces of 
which the gland is composed. 

Structure.—The glandular structure of the testis consists of numerous lobules {hhtdi 
testis). Their number, in a single testis, is estimated by Bern's at 2.W, and by Krause at 
400. They differ in size according to their position, those in the middle of the gland lieing 
larger and longer. The lobules are conical in shape, the base being directed towards the 
circumference of the organ, the apex towards the mediastinum. Each lobule is contained 
in one of the intervals between the fibrous cords and the vascular processes which extend 
between the mediastinum testis and the tunica albuginea, and consists of from one to 
three, or more, minute convoluted tubes, the iubtili semini/eri. The tubes may be separately 
unravelled, by caAful dissection under water, and may be seen to commence either by free 
cjBcal ends or by anastomotic loops. Bie total number of tubes is estimated by Lauth at 
840, and their average length two feet and a quarter. Their diameter varies from fb 
^n of an inch. The tubuli are pale in colour in early life, but in old age they acquire a deep 
yellow' tinge, from containing much fatty matter. Each tube consists of a basement 
layer, formed of epithelioid colls united ^ge to edge, outside which are other layers 
of flattened cells arranged in interrupted laminm, which give to the tube an appearance of 
striation in cross-section. The cells of the outer layers gradually pass into fhe interstitial 
tissue. Within the basement-membrane arc epithelial cells arranged in several irregular 
layers, which are not always clearly separated, but which may be arranged in three different 
groups (fig. 1002). Among these cells may be seen the spermatoym in different stages of 
development. 1. Lining the basement-membrane and forming the outer zone is a layer 
of cubical cells, with small nuclei; these are known as the lining cells or spermatogonia. The 
nucleus of some of them may be seen to be in process of indirect division {karyokinesis, 
page 4), and in consequence of this daughter cells are formed, which constitute the second 
zone. 2. Within this first layer is to be seen a number of larger polyhedral cells, w'ith clear 
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nuclei, arranged in two or three layers; these are the intermedia'U cells or epermafocy^. 
Most of these cells are in a condition of karyokinetio division, and the cells which result 

Fiq. 1002.—^Transverse section of a seminiferous tubule. 



Fibrous sheath 
Spcnnatogonut 

Spermatohlaats 

rr- Spermatozoa 


Fiq. 1003.—^Vertical section of the testicle, 
to show the arrangement of the ducts. 


Tunica vaginalis 
Tunica albuginea 


from this division form those of the next layer, the spermalultlasts or spermaMds. 3. The 
third layer of colls consists of the spermatoblasts or spermatids, and each of these, without 
further subdivision, becomes a spermatozoon. They are ill-dciined granular masses of 

protoplasm, of an elongated form, with a 
nucleus, which becomes the head of the 
future spermatozoon. In addition to these 
three layers of cells others are seen, which are 
termed the supporting cells, or cells of Sertoli. 
They are elongated and columnar, and pro¬ 
ject inwards from the basement-membrane 
towards the lumen of the tube. They give 
off numerous lateral branches, which form a 
reticulum for the support of the three groups 
of cells just describe. As development of 
the spermatozoa proceeds the latter group 
themselves around the inner extremities of 
the supporting cells. The nuclear portion of 
the spermatozoon, which is partly Imbedded 
in the supporting cell, is differentiated to 
form the head of the spermatozoon, while 
the cell protoplasm becomes lengthened out 
to form the middle piece and tail, the latter 
projecting into the lumen of the tube. 
Ultimately the heads are liberated and the 
spermatozoa are set free. The structure of 
the spermatozoa is described on page 81. 

In the apices of the lobules, the tubuli 
become less convoluted, assume a nearly 
straight course, and unite together to form 
from twenty to thirty larger ducts, of about 
of an inch in diameter, and these, from their 
straight course, are called mea recta (fig. 1003). 
The vasa recta (tubuli recti) enter the 
, fibrous tisstie of the mediastinum, and pass 

upwards and backwards, forming, in their ascent, a close network of anastomosing tubes 
which are merely chapnels in the fibrous stroma, lined by flattened epi^elium, and having 
no proper walls; this constitutes the rete testis. At the upper end of the mediastinum. 
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th^ vessels of the rete testis terminate in from twelve to fifteen or twenty duets, the 
mmefferentia (ductnli efiferentes testis); they perforate the tunica albuginea, and carry the 
seminal fluid from the testis to the epididymis. Their course is at first straight; they 
then become enlarged, and exceedingly convoluted, and form a series of conical masses, 
the coni vaecvlosi, which together constitute the globus major of the epididymis. Each 
cone consists of a single convoluted duct, from six to eight inches in length, the 
diameter of which gradually decreases from the testis to the epididymis. Opposite the 
bases of the cones the efferent vessels open at narrow intervals into a single duct, wliich 
constitutes, by its complex convolutions, the body and globus minor of tlie epididymis. 
When the convolutions of this tube are unravelled, it measures upwards of twenty feet « 
in length; it increases in diameter and thickness os it approaches the vaa deferens. 
The convolutions are held together by fine areolar tissue, and by bands of fibrous tissue. 

The vasa recta have very thin walls; like the channels of the rete testis they are 
lined by a single layer of flattened epiUielium. The vasa efferentia anti the tube of 
the epididymis have walls of oonsiderablo thickness, on account of (he presence in them 
of muscular tissue, which is principally arranged in a circular manner. These tubes are 
lined by columnar ciliated epithelium. 

Applied Anatomy. —^The testis, developed in the lumbar region, may be arrested or 
delayed in its transit to the scrotum. It #iny be retained in the alxlomen ; or it may be 
arrested at the internal abdominal ring, or in the inguinal canal; or it may just pass out 
of the external ring without finding its way to the bottom of the scrotum. When retained 
in the abdomen it gives rise to no symptoms, other than the al)8ence of the testis from 
the scrotum ; but when it is retained in the inguinal canal it is subjected to pressure and 
may become inflamed and painful. The testis when first formed is believed to be normal, 
but if retained it undergoes degenerative changes and becomes functionally useless; so 
that a man in whom both testes are retained {anorchism) is sterile, though he may not 
be impotent. The absence of one testicle is termed numorcMmn. When a testis is 
' retained in the inguinal canal it is often complicated with a congenital hernia, the funicular 
process of the peritoneum not being obliterated. In addition to the cases abpve^escribed, 
where there is some arrest in the descent of the testis, this organ may descend through 
the inguinal canal, but may miss the scrotum and assume some abnormal position. Ihe 
most common form is where tlie testis, emerging at the external abdominal ring, slips 
down between the scrotum and thigh and comes to rest in the perinisuro. This is known 
as perineal ecUrpia te.stis. With all varieties of abnormality in the position of the testis, 
it is very common to find concurrently a congenital hernia, or, if a hernia bo not octoally 
jtresont, the funicular process is usually patent, and almost invariably so if the testis 
is in the inguinal canal. 

llic testis, finally reaching the scrotum, may occupy an abnormal position in it. It 
may be inverted, so that its posterior or attached border is directed forwards and the tunica 
vaginalis is situated behind. Should a hydrocele occur, and tapping be resorted to, the 
trocar may be thrust into the testis, if the operation is performed in the ordinary way, 
and care is not taken beforehand to ascertain the position of the gland. 

A number of instances of torsion of the spermatic cord, resulting in acute strangulation 
of the testis, have been recorded. In some it has been attributed to a strain or twist, 
and in several patients the condition has been associated with a late descent of the 
organ. Symptoms of this condition closely simulate those of a strangulated hernia. In 
consequence of the torsion the circulation is partly arrested and the organ swells and 
becomes acutely painful, and the condition may be accompaued with shock and vomiting. 
Gangrene of the testis, however, rarely follows, and the condition, if left without opera¬ 
tion, ends in atrophy of the organ. Torsion of tho body of the testis also sometimes occurs 
within the tunica vaginalis in those cases in which a persistent mesorchium is present. 

Fluid collections of a serous character are very frequently fomid in tlie scrotum. To 
these the term hydrocele is applied. The moat common form is the ordinary vaginal 
hydrocele, in which the fluid is contained in tlic sac of the tunica vaginalis, which is separated, 
in its normal cond^iion; from the peritoneal cavity by the whole extent of the inguinal 
canal. In another form, tho congenital hydroc-eU, the fluid is in the sac of the tunica 
vaginalis, but this cavity communicates with the general peritoneal cavity, its tubulai* 
process remaining pervious. A third variety, known as an infantile hydrocele, occurs in 
those cases where the tubular process becomes obliterated only at its upper part, at or 
near the internal abdominal ring. It resembles the vaginal hydrocele, except os regards 
its shape, the collection of fluid extending up the cord into the inguinal canal. Fourthly, 
the funicular process may become obliterated both at the internal ring and above the 
epididymis, leaving a central unobliterated portion, which may become distended with 
fluid, giving rise to a condition known as tho encysted hydrocele of the cord. 

Encysted hydrocele of the epididymis or spermatocele is the name given to a cyst usually 
found in connection with the globus major of the epididymjp. Among its contents are 
found, in many instances, a varying number of spermatozoa, and it is probably a retention 
cyst of one of the tubules. • 

The t^tis frequently recfhires removal for malignant disease; in tuberculous disease; 
in cases of large hernia testis, and^ in some instances of incompletely descended or misplaced 
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testes. The operation of castration was formerly performed for enlargement of the 
prostate, but has now been entirely abandoned in favour of the direct operation on the 
enlarged prostate. Castration is in most oases best carried out by the ‘ high ’ operation, 
an incision ()eing made tlirough the skin and fascia in the region of the external abdominal 
ring. Hie testis, with its deeper coverings, is then puslied up into the wound and separated 
from the scrotal tissues. The cord is then isolated, and an aneurysm needle, armed with 
a ligature, passed through it, as high as it is thought necessary, and the cord tied and divided. 
In cases of malignant and tuberculous disease, it is durable to open the inguinal canal 
and tie the cord as nejir the internal abdominal ring as possible. When removing the 
testis in this manner the tunica vaginalis is not opened and its folds of reflection to the 
scrotal tissues do not need division. The whole of the tunica vaginalis is thus removed 
with the cord and its coverings. 

Acute inflammation of the testis, or orchitis, is common in gonorrhoea; a chronic 
fibrosing form of orchitis is frequent in syphilis, and leads to skrinkage and hardening of 
the tosUs. In tabes dorsalis the testis often becomes quite insensitive to pressure, which, 
in the healthy adult, readily produces a severe and j>ecaliar sickening sensation. 


Vas Dbbbbbns 

The vas deferens (ductus deferens), the excretory duct of the testis, is 
the continuation of the canal of the epididymis. Commencing at the lower 
part of the globus minor, it is at first very tortuous, but gradually becoming 
less twisted it ascends along the posterior border of the testis and inner side 
of the epididymis, and along the back part of the spermatic cord, through the 
inguinal canal to the internal or deep abdominal ring.\ From the ring it curves 
round the outer side of the deep epigastric artery, and ascends for about an^ 
inch in floi^t of the external iliac artery. It is next directed backwards and 
slightly downwards, and, crossing the external iliac vessels obliquely, enters 
the pelvic cavity, where it lies btdAveen the peritoneal membrane and the 
lateral wall of the pelvis, and j)asses on the inner side of the obliterated hypo¬ 
gastric artery and the obturator nerve and vessels. It then crosses in front 
of the ureter, and, reaching the inner side of this tube, bends to form an acute 
angle, and runs inwards and slightly forwards between the base of the bladder 
and the upj)er end of the seminal vesicle. Reaching the inner side of the 
seminal vesicle, it is directed downwards and inw'ards in contact with it, 
gradually approaching the vas of the opposite side. Here it lies between the 
base of tlie bhiddor and the rectum, uhere it is enclosed, together with the 
seminal vesicle, in a sheath derived from the recto-vesical portion of the fascia 
endopelvina. Lastly, it is directed downwards to the base of the prostate, where 
it becomes greatly liarrowed, and is joined at an acute angle by the duct of 
the seminal vesicle to form the ejaculatory duct, which traverses the prostate 
gland behind its middle lobe and opens into the prostatic portion of the urethra, 
close to the sinus pocularis J The vas deferens presents a hard and cord-like 
sensation to the fingers,*ana is of cylindrical form ; its walls are dense, and 
its canal is extremely small. At the base of the bladder it becomes enlarged 
and tortuous, and this portion is termed tlxe ampulla. A small triangular 
area of the base of the bladder, between the vasa deferentia laterally and 
the bottom of the recto-vesical pouch of peritoneum above, is in contact with 
the rectum. 

Structure.—The vas deferens consists of three cfoats : (1) an exterlfial or areolar coat; 
,(2) a muscular coat, which in the greater part of the tube consists of two layers of unstriped 
muscular fibre : an outer, longitudinal in direction, and an inner, circular; but in addition 
to these, at the commencement of the vas deferens, there is a third layer, consisting of 
longitudinal fibres, placed interna] to the circular stratum, between it and the mucous 
membrane; (3) an internal, or mucous coat, which is pale, and arranged in longitudinal 
folds. Tlie mucous coat is lined by columnar epithelium which is non-ciUated throughout 
the greater part of the tube; a variable portion of tlie testicular end of the tube is lined 
by two strata of columnar cells and the cells of the superficial layer are ciliated. 

A long narrow tube, the vas aberrans of Haller, is occasionally found connected with 
the lower part of the canal of the epididymis, or with the commencement of the vas deferens. 
It extends up into the cord for about tw'o or three inches, where it terminates by a blind 
extremity, which is sometimes bifurcated, its length varies from an inch and a half to 
fourteen inches, and it may become dilated towards its extremity; more commonly it 
retains the same diameter throughout. Its structure is similar to that of the vas deferens. 
Occasionally it is found unconnected with the epididymis. 
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Organ of Oiraldia. —This term is applied to a small collection of convoluted tubules, 
situated in front of the lower part of the cord above the globus major of tho epididymis, 
These tubes are lined with columnar ciliated epithelium, and probably represent the 
remains of a part of the Wolffian body. 

Vbsicui^ Seminaxes (fig. 1()04) 

The vesiculs seminales are two lobulatcd membranous pouches, placed 
between the base of the bladder and the rectum, serving as reservoirs for the 
semen, and secreting a fluid to be added to the secretion of the testes. Each 
sac is somew'hat pyramidal in form, the broad end being directed backwards, 
upwards and outwards. It measures usually about two and a half im'hes in 
length, but varies in size, not only in different individuals, but also in tho same 
individual on the two sides. The antermr mrface is in contact with the 
base of the bladder, extending from near the termination of the ureter to the 
base of the prostate gland. The posterior surface, rests upon tlie rectum, from 
which it is separated by the recto-vesical fascia. Their upper extremities 
diverge from each other, and arc separfted from the bladder by tlie vas deferens 


Fio. 1004.—Bose of the bladder with the vesiculne Heminales. 



and the lower end.of the ureter, and are partly covered by peritoneum. Their 
lower extremities are pointed, and converge howards the base of the prostate 
gland, where each joins with the corresponding vas deferens to form the 
ejaculatory duct. • Along the inner margin of each vesicle runs the enlarged 
and tortuous vas deferens. 

Each vesicle consists of a single tube, coiled upon itself, and giving off ' 
several irregular csecal diverticula ; the separate.coils, as well as the diverticula, 
are connected together by fibrous tissue. When uncoiled, the tube is about 
tho diameter of a quill, and varies in length from four to six inches ; it termi¬ 
nates posteriorly in a cul-de-sac ; its anterior extremity becomes constricted 
into a narrow straight duct, which joins with tho corresponding vas deferens 
to form the ejaculatory duct. 

Strnoture.—^The vesiculao semhiales are composed of three cqpts :* an external or areolar 
coat : a middle or muscular coat, thinner than in the vas deferens and arranged in two 
layers, an outer longitudinal and inner circular; an internal or mucous coat, which is 
pale, of a whitish-brown cblour, and presents a delicate reticular structure. The 
epithelium is columnar, and, in the diverticula, goblet-cells are present, the secretion of 
which increases the bulk of the seminal fluid. 
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▼mmIi and Harvea.—^The arteries supplying the vesiculss seminales are derived from 
the middle and inferior vesical, and middle beemorrhoidal. The veins and l 3 miphatio 8 
accompany the arteries. The nerves are derived from the pelvic plexuses. 

Ajrplied Anatomy- —^The vesiculae seminales are often .the seat of an extension of the 
disease in cases of tuberculosis of the testis, and should always be examined from the 
rectum, before deciding to perform castration in this affection. They also become 
affected in chronic posterior urethritis of gonorrhcsal origin. 


Ejaculatory Ducts (fig. 1005) 

The ejaculatory ducts are two in number, one on either side of the 

middle line. Eaoh is 


Fig. 1006. —^Vesiculss seminalee and ampullae of vasa 
deferentia, seen from the front. The anterior walls 
of the left ampulla, left seminal vesicle, and prostatic 
urethra have been cut away. 


formed by the union of 
the duct from the vesicula 
seminalis with the vas de¬ 
ferens, and is about three- 
quarters of an inch in length. 
They commence at the b^ase 
of the prostate, and run 
forwards and downwards 
between its middle and 
lateral lobes, and along the 
sides of the sinus pocularis, 
to terminate by separate slit¬ 
like orifices close to or just 
within the margins of the 
sinus. The ducts diminish 
in size, and also converge, 
towards their terminations. 

structure.—The coats of the 
ejaculatory ducts are extremely 
thm. They are: an outer fibrous 
layer, whic^ is almost entirely 
lost after the entrance of the 
ducts into the prostate; a layer 
of muscular fibres, consisting of an outer thin circular, and an inner longitudinal, layer; 
and mucous meml>rane. 



Ejaculatory duct 


8iti us pocularis 
Verumontanum 


- Proslatic urethra 


The Peni.s 

The penis is a pendulous organ suspended from the front and sides of the 
pubic arch and containing the greater part of the urethra. In the flaccid 
condition it is cylindrical in shape, but w'hen erect assumes the form of a 
triangular prism with rounded angles, one side of the prism forming the 
dorsum. It is composed of three cylindrical masses of cavernous tissue 
bound together by fibrous tissue and covered with skin. Two 6f the masses 
are lateral, and are known as the corpora cavernosa ; the third is median, and 
is termed the corpus spongiosum, {taga. 1006, 1007). 

The corpora cavernosa (corpora cavernosa penis) form the greater part 
of the substance of the penis. For their anterior three-fourths they lie in 
intimate apposition with one another, but behind they diverge in the form 
of two tapering processes, known as the crura, which are firmly connected 
to the rami of the puhic arch. Traced from behind forwards, each crus 
commences by a blunt-pointed process in front of the tuberosity of the 
ischium. Just before it moots its fellow it presents a slight enlargement, 
named by Kobelt the hulh of the corpus cavernosum. Beyond this point the 
crus undergoes a constriction and merges into the corous cavernosum proper, 
which retains a uniform diameter to its anterior end. Each corpus cavernosum 
terminates abruptly in a rounded extremity some distance from the point of 
the penis. ■ 

The corpora cavernosa arc surrounded by a Strong fibrous envelope 
consisting of superficial and deep fibres. The superficial fibres are longitudinal 
in direction, and form a single tube which encloses both corpora; the deep 
fibres are arranged circularly round each corpus, and form by their junction 



THE PENIS 


1213 


ia the mesial plane a partition or septum (septum penis). This is thick and 
complete behind, but is imperfect in front, where it consists of a series of 
vertical bands arranged like 

the teeth of a comb ; it is Fro. 1006.—^The constituent cavernous cylinders of 
therefore named the septum 
pectiniforme. 

The corpus spongiosum 

(corpus cavemosum- urethrae) 
contains the urethra. Beliind, 
it is expanded to form the 
urethral bulb (bulbus urethrae), 
and lies in apposition with the 
superficial layer of the trian¬ 
gular ligament, from wliich it 
receives a fibrous investment. 

The urethra enters the bulb 
nearer to the upper than to the 
lower surface. On the latter 
there is a depressed median 
raphe (sulcus bulbi), from 
which a thin fibrous septum 
projects into the substance 
of the bulb and divides it 
imperfectly into two lateral 
lobes or hemispheres. 

The portion of the corpus 
spongiosum in front of tlio bulb 
lies in a groove on the under 
Hurfac.0 of the conjoined corpora 
cavernosa. It is cylindrical in 
form and tapers slightly from 
behind forwards. Its anterior 
extremity is expanded in the 
form of an obtuse cone, flat¬ 
tened from above downwards. 

This expansion, termed the 
glam penis, is moulded on the 
rounded ends of the corjjora 
cavernosa, extending further 
on their upper than on their 
lower surfaces. At the summit 
of the glans is the slitrlike 
vertical urethral orifice or meatus (orificium urethrae externum). The 
circumference of the base of the glans forms a rounded projecting border, 

the corana glandis, overhanging 
a deep sulcus (sulcus retroglan- 
dularis), behind which is the 
neck (collum penis) of the jjenis. 

For descriptive purposes it is 
convenient to divide the penis 
into three regions : the root, the* 
body, and the extremity. 

The root (radix penis) of the 
penis is triradiate in form, con¬ 
sisting of the diverging crura, one 
on either side, and the mesial 
bulb of the corpus spongiosum. 
Each crus is covered by the 
Erector j)enlb, while the bulb is 
surrounded by the Ejaculator 
urinae. The root of thQ penis lies in the perinaeum *between the superficial 
layer of the triangular ligament and the fascia of Colles.. In addition to 
being attached to the pubic rami and triangular ligament, it is bound to the 


Fig. 1007.—Transverse section of the penis. 
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front of the symphysis piibis by the suspensory ligament (lig. suspensorium 
penis). TJie upper fibres of this ligament pass doj^mwards from the lower 
end of the linea alba, and the lower fibres from the symphysis pubis; 
together they form a strong fibrous band, which extends to the upper surface 
of the root, where it splits into two fasciculi and blends with the fascial 
sheath of the organ. 

The body (corpus penis) extends from the root to the ends of the corpora 
cavernosa, and in it the corpora cavernosa are intimately bound to one another. 
A shallow groove which marks their junction on the upper surface lodges the 
deep dorsal vein of the penis, while a deeper and wider groove between thSm 
on the under surface contains the (iorpus spongiosum. The body is ensheaihed 
by fascia, which is continuous above with the fascia of Scarpa, and below 
with the dart 08 of the scrotum and the fascia of Colles. 

The extremity is formed by the glans penis, the expanded anterior end of 
tlie corpus spongiosum. It is separated from the body by the constricted 
neck, which is overhung by the corona glandis. 

The integument covering the penis i^ remarkable for its thinness, its dark 
colour, its looseness of connection with the deeper parts of the organ and its 
absence of adipose tissue. At the root of the penis it is continuous with that 
over the pubes, scrotum, and perinaeum. At the neck it leaves the surface 
and becomes folded upon itself to form the prepuce or foreskin (praeputium 
penis). The internal layer of the prepuce is directly continuous, along the 
line of the neck, with the integument over the glans. Immediately behind 
tho urinary meatus it forms a small secondary reduplication, attached along 
the bottom of a depressed median raphe, which extends from the meatus to the 
neck ; thisiold is termed the frenulum (frenulum prajputii). The integument 
covering the glans is continuous with the urethral mucous membrane at the 
meatus ; it is devoid of hairs, but projecting from its free surface are a number 
of small, highly sensitive papillae. On the corona and neck numerous small 
glands, the ylandvlee Tysonii odoriferce (glandulse prajputii) have been 
described.* They secrete a sebaceous material of very peculiar odour, w hich 
probably contains c,asoin, and readily undergoes decomposition. 

Tho prepuce covers a variable amount of the glans, and is separated from 
it by a potential sac—the preputial sac —which jjresents tw'o shallow' recesses 
(fossae frenuU), one on cither side of the frenulum. 

Struotore of the penio.—From the interna! surface of the fibrous envelope of the cor))ora 
eaveiTJOsa as well as from the sides of the septum, numerous hands or cords are given off, 
which cross the interior of tho corpora cavernosa in all directions, subdividing them into a 
number of separate -cumpartmente, and giving tho entire structure a siwngy appearance. 
These bands and cords are called traber.ulw (trabeculm corporum cavernosorum), and consist 
of white fibrous tissue, elastic fibres, and plain muscular fibres. In them are contained 
numerous arteries and nerves. 

The component fibres which form the trabeculae are larger and stronger round the- 
circumference than at the centres of the corpora cavernosa; they are also thicker behind 
than in front. The interspaces (cavernous spaces), on the contrary, are lai-ger at the centre 
than at the circumference, their long diameters being directed transversely. They are 
filled with blood, and are lined by a layer of flattened cells similar to the endothelial lining 
of veins. 

The arteries bringing the blood to tliese spaces are tlie arteries of tho corpora cavernosa 
and branches from the dorsal arteries of tho penis, which perforate the fi,brous capsule, along 
tho upper surface, esjiecially near the fore-part of the organ. 

‘ On entering the <!avernous structure the arteries divide into branches, which are 
supported and enclose.d by the trabecula;. Some of those arteries terminate in a capillary 
network, the branches of which 0 [)en directly into the cavernous spaces; others assume a 
tendril-like appearance, and form convolute and somewhat dilated vessels, which were 
named by Muller helicine arteries. They project into the spaces, and from them are given 
off small capillary branc;hes to supply the trabecular structure. They are bound down in 
the spaces l)y fine fibrous processes, and arc most abundant in the bock part of the corjjora 
cavernosa (fig. 1008). 

The blood from the cavernous spaces is returned by a series of vessels, some of which 
emerge in considerable nuipbers from the base of the glans pern's and converge on the 

i 

* Stieda (Oeniiptifs-rendits dn XIT Congrh Internatwnal de Mideovm, Moscow, 1897) 
asserts that Tyson’s glands are never found on the corona glandis, and that what have hitherto 
been mistaken for glands are really large papillse. 
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dorsum of the organ to form the deep dorsal vein; dtliers pass out on the upper surface 
of the corpora cavernosa and join the same vein; some emerge from the under surface 
of the corpora cavernosa^nd, receiving branches from the corpus spongiosum, wind 
round the sides of the penis to terminate in the deep dorsal vein; but the greater number 
pass out at the root of the penis and join the prostatic plexus. 

The fibrous envelope of the corpus spongiosum is thinner, whiter in colour, and more 
elastic than that of the corpora cavernosa. Tbe trabeculte are more delicate, nearly 
uniform in size, and the meshes between them smaller than in the corpora cavernosa; 

Fia. 1008.—From the peripheral portion of the corpus cavemosutn penis under a low 
magnifying power. (Copied from Langer.) 


1. a. Cupilliiry network, b. Oavernoiis sfuicM. 3. Ooiinoction of tbe arterial twii^H (aj witti the oavcriioiiiH spacKj. 

their long diameters, for the most part, corresponding with that of the ])enis. , TRo external 
envelope or outer coat of the corpus spongiosum is formed partly of unstriped muscular' 
fibre, and a layer of the same tissue immetliately surrounds the canal of the urethra. 

The lym'phaiicH of the. jienin are described on page 789. 

The nerves are derived from the internal pudic nerve and the pelvic plexuses. On 
the glans and bulb some filaments of the cutaneous nerves have Pacinian bodies connected 
with them, and, according to Krause, many of them terminate in peculiar end-bulbs 
(see page 50). 

Applied Anatomy .—The penis occasionally requires removal for malignant disease. 
Usually, removal of the ante-sc;rotal portion is all that is necessary, but sometimes it is 
requisite to remove the whole organ from its attachment to the rirmi of the pubes and 
ischia. The former operation is }»erformed by cutting through the corpora cavernosa 
from the dorsum, and then separating the corpus spongiosum from tliem, dividing it at a 
level nearer the glans penis. The mucous membrane of the urethra is then slit up, and the 
edges of the llap attached to the external skin, in order to prevent contraction of the 
orifice, which might otherwise take place. The vessels which requira ligature are the two 
dorsal arteries of the penis, tlie arteries of the corpora cavernosa, and the artery of the 
septum. When the entire organ requires removal, the patient is placed in the lithotomy 
position, and an incision is made through the skin and subcutaneous tissue round the root 
of the penis, and carried down through the median line of the scrotum as far as the 
perinmum. The two halves of the scrotum are then separated from each other, and a 
catheter havjpg been introduced into the bladder as a guide, the spongy portion of the 
urethra below the triangular ligament is separated from the corpora cavernosa and divided, 
the catheter having boon withdrawn. The suspensory ligament is now severed and the 
rura separated from the bone with a periosteum acraper, and the whole penis removed. 
The membranous portion of the urethra, which has not been removed, is now to be 
attached to the sk^n at the posterior extremity of the incision in the perinmum. The 
remainder of the wound is to be brought together, free drainage being provided for. 

The Pbostate Gland 

The prostate ^land (prostate) is a firm, partly glandular and partly 
muscular body, which is placed immediately below the neck of the bladder 
and around the commencement of the urethra. It is situated in the pelvic 
cavity, below the lower part of the symphysis pubis, above the superior layer 
of the triangular ligament, and in front of the rectum, through which it 
may be distinctly felt, especially when enlarged. It is«about the size 6f a 
chestnut and somewhat conical in shape, and presents for examination a base, 
an apex, an anterior, a posterior, and two lateral surfaces. 

The base (basis prost&tm) is Erected upwards, and is applied to the under 
surfr.co of the bladder. The greater part of this surface is directly continuous 
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^ith the bladder wall: the urethra penetrates it nearer its anterior than its 
posterior border, ^ 1 , 

The apex (apex prostatas) is directed downwards, and is in contact with 
the deep layer of the triangular ligament. 

The posterior surface (facies posterior) is flattened from side to side and 
convex from above downwards ; it rests on the rectum, and is distant about 
an inch and a half from the anus. Near its upper border there is a depression 
through which the tw'O common ejaculatory ducts enter the prostate. This 
deptession serves to divid(* tlie posterior surface into a lower larger and an upper 
smaller part. Tiie upjier smaller part constitutes the middle lobe of the prostate 
and intervenes between the ejaculatory duets and the uiethra ; it varies greatly 
in sire, and in some cases is destitute of glandular tissue. The lower larger 
portion sometimes presents a shallow median furrow, wluoh imperfectly 
separates it into a rt^ht and a left lateral lobe . these form the main mass of 
the gland and are directly continuous with each other behind the urethra. 


Fio. 1009.—TBausvsrae section of normal prostate through the middle of the 
verumemtanum, from a subject aged nineteen years. (Taylor.) 



a, lonsiiadlnal seebou of duett li udiiis from tlic lobultt of the prostatic RlandB , b, venimontaiiom, r, sinus 
poculaiis, d, urctlira, t, cisiulatory ducte, f, arteiifs, tpuis, snd Mnoiis buiusis ui sheath of jirostate 
g, nerve trunks insheatii, li, point of origin of libro-musi uliur bands onciiihuK iintlira, i, Bone of striate 
V olimtarj iiiusrle on supuioi surfase 


In front of the urethra they aie connected by a band which is named the 
anterior commissure this conhibts of the same tissues as the capsule and is 
devoid of glandular bubstanee. 

The anterior surface (facies anterior) measures about an inch from above 
downwards, but is narrow and convex from side to side. It is placed about 
threo-quaitei of an inch behind the pubic symphysis, from which it is separated 
by a plexus of veins and a quantity of loose fat. It is connected to the pubic 
bone on either side by the pubo-prostatio ligaments. The urethra emerges 
from this suiface a little above and in front of the apex of the gland. 

The lateral surfaces (facies lateiales) are prominent, and are covered by the 
anterior portions of the Levatores ani muscles, which are, however, separated 
from the gland by a‘ plfyus of veins. 

The prostate measures about an inch and a half transversely at the base, 
three-quarters of an infeh in its antero-posterior diameter, and an inch and 
a quarter in its vertical diameter. Its weight is about four and a half drachms. 
It is held in its position by the anterior ligaments of the bladder {pubo- 
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pro8tati(^:, by layer of the triangular ligament, whicli investH the 

commencetnwit of the membranous portion of the urethra and prostate 
gland; and by l;ho anteflor portions of the Levatores ani muscles, which pass 
backwards from the pubis and embrace the sides of the prostate. These 
portions of the Levatores ani, from the support they afford to the prostate, 
are named the Levatores prostatoe. 

The prostate gland is perforated by the urethra and the eja^mlatory ducts. 
Tlie urethra usually lies along the junction of its anterior w'itli its middle third. 
The ejaculatory ducts pass obliquely downwards and forwards through tlie 
posterior part of the prostate, and open into the prostatic })ortion of tlu' 
urclhra. 

Structure.—^The prostate is immediately enveloped by a thin but firm fibrous capsule, 
distinct from that derived from the fascia endojielvina, and separated from it by a plexus 
of veins. This capsule is firmly adherent to the prostate and is stiucturally continuous 
with the stroma of the gland, being composed of the same tissues, viz. non-striped nuiscle 
and fibrous tissue. The substance of the prostate is of a pale reddish-grey colour, of great 
density, and not easily tom. it consists di glandular substance afid muscular tissue. 

The niKficvlar HnKne. according to Kolliker, constitutes the proper stroma of the jjrostate ; 
the connective ti.ssue being very .scanty, and simply forming, Iwtween the muscular fibres, 
thin trabecula’, in which the vessels and nen'es of the gland ramify. The muscular tissue 
is arrangt'd as follows: immediately beneath the fibrous ca])sule is a dense layer, which 
forms an investing sheath for the gland ; secondly, around the urethra, as it ties in the 
prostate, is another dense layer of circular fibres, continuous altove with the internal layer 
of till* muscular coat of the bladder, and below blending tvith the fibres surrounding the 
momln-auous portion of the urethra. Between these two layers strong bands of musculai’ 
tissue, which decussate freely, fojm meshes in which the glartdular stmctiire of t^e organ is 
imlwldcd. In that jmrt. of the gland which is situated in front of the urethrwthe muscular 
tissue is esj)ecially dense, and there, is here little or no gland tissue ; while in lliat part which 
is behind the urethra the muscular tissue jircsents a wide-meshed structure, which is 
densest at the base of the gland—that is, near the bladder—becoming looser and more 
sponge-like tow'ards the apex of the organ. 

The glamiiihtr substance is coraimsed of numeroiis follicular poiuihcs, oi)ening into 
elongated canals, which join to form from twelve to twenty small exci’ctory ducts. The 
follicles are coiuiecled together ly areolar tissue, supported by prolongations from the fibrous 
capsule and muscular stroma, and encloseil in a delicate capillary jdexus. The epitlieliinn 
which lines the canals and the tcrminnl vesicles is of the columnar variety. 1'he prostatic 
ducts open into the floor of the jjrostatic jmrtion of the uj’ethra. and arc*, lined by two layers 
of epithelium, the innei- layer consisting t)f columnar and the outer of small cubical cells. 

Vessels and Nerves.—^'J’hc arteries supplying the prostate are derived from thc.intgrnal 
jmditt^J'^esical. and hicmorrboi^al. Tts veins torm a plexus around the sides and base of 
me glaricT; IKoy feceivc in front the dorsal vein of the penis, and terminate in the internal 
iliac veins. 'The nerves are derived from the pelvic plexus. * 

Apfdied Aruitomi/.--]iy means of the finger introduced into the rec.tum, the surgeon 
detcuits enlargement or other disea.se of the prostate; he can feel the apex of the gland, 
wliidi is the guide to (lock’s operation for stricture; he is enabltMl also by the same means to 
«lire(!t the point of a catheter, when its introduction is attended with dilliculty either from 
injury or diHc>a.se of the membranous or jiro.slatic jmrtions of the urethra. When the tiiigm’ 
is introduced*irito the bowel, the surgeon may, in some cases, especially in boys, learn the 
position, as well as the size, of a calculus in the blachlcr; and in the ojicration for its 
.removal, if, as is not infrequently the case, it should be lodged behind on enlarged 
prostate, it may be displaced from its |josition fjy pressing upwaids tho ba.se of the 
l)ladder from the I’ectum. 'The prostate gland is occasionally the .scat of suppuration, 
duo to either gotHiiTh<ea oi- tuberculous disease. The gland is enveloped in a dense 
unyielding capsule, which determines the course of the abscess, and also explain^ 
the great pain which is j)re.sent in the acute form of the disease. 'ITic abscess most 
frequently bursts into the methra, the direction in which there is least i-osistance, but 
may burst info the rectum, or more rarely in the })erina>um. In adv'anced life the 
prostate sometimes liecomes considerably enlarged and ]irojects into the bladder so 
as to impede tli© passage of the urine. According to Messer’s researches, conducted 
at Greenwich Hospital, it would seem that such obstruction exists in 20 per cent, 
of all men over sixty years of age. In some coses the eondition affects principally tho 
lateral lobes, which may undej’go considerable enlargement without causing much incon¬ 
venience. In other cases it would seem tliat the middle lobe en]«,rge8 mo.st. and even a 
small enlargement of this lobe may act injuriously, by formfhg a sort of valve over the 
urethral orifice, preventing the passage of the urine; and tlip more the patient strains, 
the more completely will it.block the opening into the urethra. In consequence of the 
enlargement of the prostate, a pouch is formed at the base of the bladder behind tho prejec- 
tion, in which urine collects, and cannot be entirely expelled. It becomes decomposed 
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and anunoniaoal, and leads to cystitis. For this condition ‘proataietivmy is sometimes 
done. The bladder is opened by an incision above the symphysis pubis, the mucous 
membrane of the post-prostatic pouch is scratched througli, and the linger is then introduced 
into the space between the true cajisule of the prostate and outer capsule formed by 
the fascia endopelvina. Separation in this plane is then carried out Imlow and laterally 
until the apex of the gland is reached. The whole of the work is done with the finger, 
which,i8 gradually swept round the sides until the anterior surface is reached and freed. 
Tlie gland is then, by traction, displaced into the bladder and removed, usually CBrr 3 nng 
with it the greater portion of the mucous membrane of Uie prostatic urethra. Haemorrhage, 
which may be considerable at times', is cheeked by hot irrigations, and the bladder is 
tem^rarily drained. Very satisfactory results have followed this operation. 

The prostate can be reached from the perinseum, and in some oases the enlarged gland 
has been temoved by this route, but the perineal approach is not usually employed except 
in the case of abscess of or about the gland. 

r^^WPBR’s Glanps 

Cowper’s glands (glandulm bulbo-urethrales) are two small, rounded, 
and some\Adiat lobulated bodies, of a yellow colour, about the size of peas, 
placed behind the membranous portion of the urethra, between the two layers 
of the triangular ligament. They lie close above the bulb, and are enclosed 
Sly the transverse fibres of the Compressor urethrae muscle. Their existence 
is said to he constant: they gradually diminish in size as age advances. 

The excretory duct of each gland, nearly an inch in length, passes obliquely 
forwards beneath the mucous membrane, and opens by a minute orifice on the 
floor of the bulbous portion of the urethra. 

Structoje—Each gland is made up of several lobules, held together by a fibrous 
investment. aEach lobule consists of a number of acini, lined by columnar epithelial cells, 
opening into one duct, which joins with the ducts of other lobules outside the gland (o 
form the single excretory duct. 


FEMALE REPEODUCTIVE ORGANS 

The female reproductive organs (organa genitalia muliebria) consist of 
an internal and an external group. The internal organs are situated witliin 
the pelvis, and consist of the ovaries, the Fallopian tubets, the uterus, and 
the vagina. The external organs are placed below the triangular ligament of 
the urethra and below and in front of the pubic arch. They (iompriso the 
mons Veneris, the labia majora et minora, the clitoris, the bulbus vestibuli, 
and the glands of Bartholin. 


The OvAEiEs 

The ovaries are homologous with the testes in tlie male. They are two 
nodular bodwis, situated one on either side of the uterus in relation to the lateral 
waU of tho pelvis, and attached to the back of the broad ligament of the uterus, 
behind and below the Fallopian tubes (fig. 1010). The ovaries are of a greyish- 
pink colour, and present'either a smooth or a puckered uneven surface. They 
are each about an inch and a half in length, three-quarters of an inch in width, 
and about a third of an inch in thickness, and weigh from one'to two drachms. 
Each ovary (ovarium) presents an outer and an inner surface, an upper and 
a lower extremity, and an anterior and a posterior border. It lies in a shallow 
depression, named tho fossa ovarii, on the lateral wall of tho pelvis; this 
fossa is bounded above by the external iliac vessels, in front by the obliterated 
hypogastric artery, and beliind by the ureter. The exact position of the 
ovary has been the subject of considerable difference of opinion, and the 
description hero given applies to the ovary of the nulliparous woman. The 
ovary becomes displac^ during the first pregnancy, and probably never 
again returns to its eriginal position. In the erect posture the long axis of the 
ovary is vertical. Tho upper or tubal extremity is near the external iliac vein ; 
to it is attached the ovarian fimbria of the Fallopian tube and a fold of 
peritoneum, the suspensory ligament of the ovary, which is directed upwards 
over the iliac vessels and contains the ovarian vessels. The lou}& or uterine 
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end is directed downwards towards the pel vie floor ; it is usually narrower 
than the upper, and is attached to the lateral angle of the uterus, immediately 
behind the Fallopian tube, by a rounded cord termed the ligament of the 
ovary, which lies within the broad ligament and contains some non-striped 

I'lG. 1010.—Uterus and right broad ligament, seen from behind. The broad • 
ligament has been spread out and the ovary dravm downwards. 


KpoOplioron or parovarium 



muscular fibres. The outer surface is in contact with the parietal peri¬ 
toneum, which lines the fossa ovarii; th(< inner surface is to a large extent 
covered by the fimbriated extremity of the Fallopian tube. The anterior or 
straight border is directed towards the obliterated hy}»ogastric artery, and is 
attached to the back of the broad ligament by a short fold named the me.s- 


Fio. 1011.—Adult ovary, e^xiojdioron, and Fallopian tube. 
(From Farre, after Kobolt.) 



If, a. KpoOplioron formed from tlie upper part of the Wolffian body. h. Ilcmaitw of tlir nppoi'muat tub« aometimea 
forming hydatids, c. Middle set of tubes, d. Some lower atrophied tubea. r. Atrophied rcmahis of the Wolffian 
duct. /. The terminal bulb or hydatid, h. The Kollopian tube. i. Hydatid attached to ttie extremity. !. T’he 
ovary. 


ovarium. Between the two layers of this fold the blood-vessels and nerves 
pass to reach the hilus of the ovary. The fosterior qf cdfivex border is free, 
and is directed towards the Ureter. The I’aUopian tube arches over tlie 
ovary, running upwards jn relation to its anterior boMer, then curving over 
its upper or tubal pole, and finally passing downwards on its .posterior border 
and inner surface. • 


4i 2 


1220 


SPLANCHNOLOGY 


Epo&phoron and paro5phoron (figs. 1010, 1011).— Lying in the broad 
ligament, between the ovary and the Fallopian tube, is the epoijphoron or 
parovarium, also called the organ of Jtosenmiiller. This consists of a few closed 
convoluted tubes, lined with epithelium, which converge towards the ovary at 
one end and at the other are united by a longitudinal tube, the duct of Gartner. 
In the human female this duct terminates in n bulbous enlargement; in tho con 
it attains a greater development and opens into the vagina. The paroophoron 
consists of a few scattered nidimentary tubules, best seen in the child, situ¬ 
ated in tho broad ligament bet ween the parovarium and the uterus. The 
cpobphoron and paro6j)horon are remnants of the Wolffian body or meso¬ 
nephros*, and the duct of Giirtner is a persistent portion of the Wolffian duct. 
In the foetus, the ovaries ar(< situated, like the testes, in the lumbar region, 
neaj- the kidneys. They may be distinguislied from those bodies at an early 
I)eriod by their elongated and flattened form, and by theii- position, wliicli is 
at first oblique ami then nearly transverse. They gradually dos<!end into tlu* 
pelvis. 

r 

Btructare (fig. 1012).—The surface of the ovary is covered i)y a layer of columnar 
cells which constitute the germimd epilheliiim of Waldeyer. This epithelium gives to the 
ovary a chill grey colour as compared with the shining smoothness of the peritoneum ; and 
the ti’ansition lietwccn the, pavement e])itheliuni of the jieritoneum and the columnar cells 
whieli coverthe ovary is usually marked hy a line around the antc'rior border of the ovary. 
The ovary consists oi a numher of (Iraalian follicles iml)C“ddwl in the mcshc.s of a stroma or 
framework. 

The Klroma is a peculiar soft tissue, abundantly supplied with biood-vessels, consisting 
foi' tlic most part of spindle-shapc'd c-ells with a small amount of ordinary connective 
* tissue. These etdls have been re¬ 

garded by some anatomists as iin- 
Mtrii)(»<l musi'le-eells. whieh. indeed, 
they most resernblo ; by others as 
connective-tissue cells. On the sur¬ 
face of the organ this tissue is much 
condensed, and forms a layer (hiniro 
albuginea) eoiiiposed of short, con¬ 
nective-tissue fibres, with fusiform 
cells hot ween them. 

Graafian foUirle h.- -V\m-n making 
a section of an ovur\'. inimerous 
round transparent vesicles of i-arious 
sizes are to he seen ; they are the 
Oraalian follicles, or ovisacs con¬ 
taining file ova. Immediately 
beneath the superficial covering is a 
layer of stroma, in whieh arc a large 
numher of minute ves!eh>s. of 
uiiiforin size, alanit of un inch 
in diameter. 'Hiese arc the follicles 
in Iheii' earlie.sl. coiuUtion. and the 
layer W'hei’c they are found lias been 
termed the rortieal btyer, 'llioy are 
especially numerous in the ovary of 
fill' young child. After puberty, and during the wJiole of the cliild-hearing iieriotl, large 
and m.ature, or almost mature, (>raaiian follicles arc also found in (jie cortical layer in 
small numbers, and also ‘ corjiora lutea,’ the remains of follicles which have burst and arc 
••undergoing atrophy and absorption. Uencath this suporiicial stratum, other large and 
more mature lolliel^ are found imbedded in tho ovarian stroma. These increase in size 
os they recede from the smtace towards a highly vascular stroma in the centre of tlio 
organ, termed t ho tnedvllary sabstance {sona vasculona, Waldeyei). This stroma forms the 
tissue of tho hilus by wliich the ovary is attached, ahd through whicli the blood-vessels 
enter; it don.s not contain any Oraatian follicles. 

The larger Graafian follicles consist of an external fibro-vascular coat, connected with 
the surrounding stroma of the ovary by a network of blood-vessels ; and an internal coat, 
named the orirapnuk, which is lined hy a layer of nucleated cells, called the memhrarm 
granvlosa. In that \ihlrt of the matui-e Graafian follicle whieh is nearest the surface of 
the ovarj', the cells of the membrnna granulosa are connected into a mass which projects 
into the cavity of the follicle. This is termed the disc,us 'proUgerus, and in it the ovum is 
imbedded.* Tlio follicle contains a transparent albuminous ‘fluid. 

* For a description of the ovum, see page 78. 


|i‘i(j. 1012. .Section of the ovary. 
(.M'ler Schrbn.) 
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THE bvABIES 'IX 

The ova are usually r^arded as being formed from the germinal epitiiielium on the 
surface of the ovary. This becomes thickened, and in it are seen some cells which are 
larger and more rounded than the rest: these are termed the primordial ova. The germinal 
epithelium grows downwards in the form of tubes or columns, termed the epg tubes of 
I'fliiger, into the ovarian stroma, which grows outwards ijetwoon the tubes, and ultimaiely 
cuts them of from the germinal epithelium. These tubes are further subdivided into 
rounded neslv or groups, each •containing a primordial ovum which undergot'S further 
development and growth while the surrounding cells of the nest form the epithelium of the 
Graafian follicle. 

The development and maturation of the Graafian follicles and ova continue \ininler- 
ruptedly from puberty to the end of the fruitful period of w'oman’s life, while ^heir formation 
commences before birth. Before puberty the ovaries are small, the Graafian follicles 
contained in them are disposefl in a comparatively thick layer in the cortical substan<!e ; 
here they present the appearance of a large number of minute closed vesi<!les, constiftiting 
the early condition of the Graafian follicles ; many, however, never attain full development, 
but shrink and ’disa))pear. At puberty tljo ovaries enlarge and become more vascidar, 
the Graafian follicles ai’c- developed in greater abundance, and their ova are capable of 
fecundation. 

Discharge of the ovum.—^Thc Graafian frtlicles, after attaining a certain stage of develop¬ 
ment, gradually ajiproach the surtaoe o'" the ovary and burst; the ovum and fluid contents 
of the follicle are lilmrated on the exterior of the ovary, and carried into the Fallopian tube 
by peritoneal curi’cnts set up by the mov-ments of the cilia covering the mucous membrane 
ol the fimbria'. 

Vessels and Nerves.— Ihe «r/mV« of the ovaries and Fallopian tubes are the ovaria n 
frfliaJha-aarta. Each onfers tlie attached border, or hilus, of the corresponding ovary. 
The veins emerge from Ihe hilus in the form of a ))lexus..thc vampiniform v hxus: the 
ovarian vein is formed from this plexus, and leaves the pelvis in company with the artery. 
The nerves ore derived from the hyi)ogasitic.«: 4 Hyic plexus, and from the ovarjj|in plexus, 
the FaUophin tube receiving a brancinroni one^theuferine nerves. • 

Applied Anatotni/.- —^'I'he inflammations which affect fhc ovary are merely an extension 
of those fj’om the tulie. Ovarian new formations are of common oeciirrenee. and ai'c either 
solid or (iystic ; the forrnei’ being the less common. The ‘ omriun cysts ’ in the majority 
of cases arc cystadcnoinata whicli may assume enormous dimensions; in rarer instances 
they form from the tubules at the liilus of the ovary or those of the organ of Itosenmuller ; 
in other instances a clear watery cyst forms between the layers of the brood ligament. An 
ovarian cyst, once diagnosed, should always be removed, as it is liable to become atfectetl 
by suppuration, torsion of its pedicle, or other serious complications. The o])eration for 
its removal, badly termed ovarintoiny, <-onsisls in o|>ening the abdomen, and reducing the 
size of the cyst when large by tapjung it before its withdrawal from the abdomen ; the 
pedicle is then clamped with a large forct-ps, and the cyst is cut free*. This pedicle must 
then be transfixed and securely ligatured by an interlocking ligature, which w dl not slij) 
off. The petlicle (ionsists of an elongated })art of the broad ligament, including the Fallopian 
tube and ovarian a.rt(‘ry. and a great number of large veins. Ovariotomy lor a simple 
uncomplicated cyst. f>resents no 8j)ecial dilfieulties. but,in cases where there arc old adhesions 
implicating the small intestines, it may present very gretit difiicidtics. 

r 

The Fallopian Tubes (fig.s. 1010, 1013) 

The FaHopian tubes, or oviducts, (iorivoy tlio ova from tlio ovaiies to 
the cavity of the uterus. They arc two in number, one on eitlter side, .situated 
in the upper margin of the broad ligament., ^nd extending from either .superior 
angle of the utei-us to the side of the pelvis. Each tube is about four inehes 
in hmgth ; and is dchoribed as consisting of three })ortions : (1) the isthmus, 
or inner constricted third ; (2) the ampulla,, or outer dilated portioru which 
curves over the ovary ; and (3) the infundibulum, with its ostium abdcyminale^ 
surrounded by Jimhrice, one of which, the fimbria ovanca^^s iittnvhGd to the 
ovary. The Fallopian tube is directed outwards as far as ^e lower or uterine 
pole of the ovary, and then ascends along tlu^ anGtrior border of the ovary 
to the upper or tubal polo, over which it arches ; finally it turns down¬ 
wards and ends in relation to tlu; posterior border and inner surface of 
the ovary. The uterine opening is minute, and will only admit a fine bristle; 
the abdominal opening is somewhat larger. In connection with the fimbiit 
of the Fallopian tube, or with the broad ligament flosi? to them, there are 
frequently one or more small pedunculated vesicles. These are termed the 
hymtids of Morgagni. , * 

Structure.—^The Fallopian tube consists of three coats: serous, muscular, and raucous. 
The external or serous coat is peritoneal. The middle or muscular coat consists of 
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an external longitudinal and an internal circular layer of non-strip6d muscular fibres 
continuous with those of the uterus. The internal or mucous coal is continuous with the 
mucous lining of the uterus, and, at the free extremity of the tube, with the peritoneum. 
It is thrown into lon^tudinal fo!^, which in the outer, larger part of the tube, or ampuQa, 
are much more extensive t|l^ in the narrow canal of the isthmus. The lining epithelium 
is oolumnar and cUiated. 'This of epithelium is also found on the iMm surface of 
the fimbriss; vrhtle oh the'vOUtw or serous surfaces of these proossses ^ e^theUam 
graduaJly merges'into the endijir^shum Of the peritoneum. 

Applied Anatomy .—^The majority of the dimases of the Fallopian tube are due to infec¬ 
tions which have spread by way of the vagina and uterus, and the disease often does not 
stop at the Fallopian tut>e, but passes on to the peritoneum, giving rise to acute general 
peritonitis, or a localised condition termed perimelritia that may be acute or chronic. 
Perimetritis is often followed l)y various painful conditions, which are due to the peritonea] 
adhesions resulting from the inflammation of the serous membrane, and which persist 
throughout life. Tubal inflammation (salpingitis) is usually the result of an infection either 
by the gonoitoccus or by septic organisms implanted at the time of labour or abortion. In 
many cases the fimbriated ends of the tubes become closed by adhesions, pus collects in 
the tubes, and a pyomlpinx results. 

Fertilisation of the ovum has been stated (page 83) to occrir in the tube, and the 
fertilised ovum is then normally passed on into the uterus; the ovum, however, may 
segment whilst it is still in the Fallopian tube, giving rise to the commonest variety of 
eciopid gestation. In such cases the amnion and chorion are formed, hut a true decidua is 
never jjresent; and the gestation usually terminates by cxtnision of tlie ovum through the 
abdominal ostium, although it. is not uncommon for the tube to rupture into the peritoneal 
cavity, this being accomj>aiiied by severe bamiorrhagc, and needing surgical interference. 


The L'teeu.s (figs. 1010, 1013, 1014) 

t 

The uterus, or womb, is a hollow, thiok-walled, museular organ situated 
deeply in the ])elvic cavity between the bladder and rectum. Into its upjjer 
part the Fallopian tubes open, one on either side, while below', its cavity 
communicates with that of the vagina. When the ova are di8cliarg<!d froni 

Fic. 1013.—Female pelvis and its contents, seen from abo\'o and in front. 



the Ovaries they are carried to the uterine cavity through the Fallopian tubes. 
If an ovum be fertilisetj it imbeds itself in the uterine wall and is normally 
retained in the uterus until pre-natal development is completed, the uterus 
undergoing changes in size and structure to accommodate itself to the needs 
of the growing embryo (see page 97). After parturition the uterus returns 
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almost to its former condition, but certain traces of its enlargement remain. 
It is necessary therefore to describe as the type-form the adult virgin uterus, and 
then to consider the modifications which are effected as a result of pregnancy. 

In the virgin state, the uterus is flattened antero>posteriorly and is pyriform 
in shape, with the apex directed downwards and bSK^twards. It lies between 
the bladdef in fropt and the pelvic colon and rectum behind, and is completely 
within the pelvis, so that its base is below the level of the pelvic biim. Its 
upper part is suspended by the brood and the round ligaments, while its 
lower portion is imbedded in the fibrous tissue of the pelvis. 

Tho long axis of the uterus usually lies approximately in the axis of 
the pelvic brim, but as the organ is freely movable its position varies with 
the state of distension of the blander and rectum. Except when much displaced 
"by a fully distended bladder, it forms an angle with the va^a, since the axis 
of the \ agina corresponds to the axes o' the cavity and outlet of the pelvis. 


Pit.. 1014.—Median sa^’ Ital section of female peh^ib. 



The uterus measures about three inches in length, two mches in bii'cidlh 
at its upper part, and nearly an inch in thicknp.ss ; it weighs from an ounce* 
to an ounce and a half. It is divisible into two portions. On the surfaep, 
about midway bf'twecn the apex and base, is a slight constriction, known as 
the isthmus (isthmus uteri), and coTTcsiionding to this In the intenor is a 
narrowing of tho uterine cavity, tho internal os (oriticiura internum uteri). 
The portion above the isthmus is termed the hody, and that below, the cervix. 
The part of the body which lies above a plane passing tlirough the points of 
entrance of tho Fallopian tubes is knowm as the Jundus (fundus uteri). 

Body (corpus uteri).—The body gradually narrows from the fundus to 
the isthmus. • 

The anterior surface (facies vesicalis) is flattenM and covered by peri¬ 
toneum, which is reflected on to the bladder to fom* the utero-vesical pouch. 
The surface lies in apposition with the bladder. 

Tho nosierior surface (facies intestinalis) is convex transversely, and is 
covered by peritoneum, w'hich is continued down on to the cervix and vagina. 
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It is in relation with the pelvic colon, from which it is usualfy 8epara.ted |l>y 
some coils of small intestine. 

The superior surface i8;;j^ftrt of the fundus. It is slight^ convex in all 
directions, and covered by |)Aritoneum continuous with that on the anterior 
and posterior surfaces. On xt rest some coils of small intestine, and occasion¬ 
ally the distended pelvic colon. 

The lateral margins (margines laterales) are slightlj' convex. At the upper 
end of each the Fallopian tube pierces the uterine wall. Below and in front of 
tliis point the round ligament of the uterus is attached, while behind it, is the 
attachment of the ligament of the ovary. These three structures lie within 
a fold of jieritoneum which is reflected from the margin of the uterus to the 
wall of the pelvis, and is named the broad ligament. 

Cervix (cervix uteii).—The cervix is the lower constricted‘segment of 
tlie uterus. It is soxnewhat conical in shape, with its lioiricatcd apex direct(‘d 
doAvnwards and backwards, but is slightly wider in Ihe middle than eitlier 
above or below. Owing to its relationships, it is less freely movable than tJjc 
body, so that the latter may bend on it. * The long axis of the cervix is there¬ 
fore seldom in the same straight line as the long axis of the body. The long 
axis of the uterus as a whole pres»»nt8 the form of a. cui’vcd line with its 
concavity forwards, or in extreme (sases may presetd- an angular bend at the 
region of the isthmus. 

The vaginal wall is attached round the cervix, and divides it into two 
portions: an ujjpcr. supravaginal portion, and a lower, vaginal portion. 

'I’he supravaginal '(mrtion (portio supravaginalis) of the cervix is separated 
in front from the bladder by librous tissue (parametrium), w hich extends also 
on to its 'sides and outwards between the layers of the broad ligaments. The 
uterine arteiies reach the margins of the cervix in this fibrous tissue, while on 
eitlier side the ureter runs dovvnw'ards and forwards in it at a distance of 
about tliree-(iuartcrs of an inch from the cervix. I'osteriorlg. the supra¬ 
vaginal cervix is coviu'cd by peritoneum, which is prolongetl bidow on to the 
posterior vaginal wall, whence it is reflected on to the rectum, forming the r«‘cto- 
vaginal pouch or pouch of Douglas. It is in relation with the rectum, fntni 

w'hich it may be scjiarated 
by coils of small intestine. 

The vaginal portiem 
(portio vaginalis) of the 
C(wvix projeiits free into 
th(‘ roof of the vagina 
between the anterioi’ and 
posterior fonn’ces. On its 
rounded (ixtremity is a 
small, dejiressed, some¬ 
what circular aperture, 
the external os (oriticium 
externum uteri), tlirough 
which the cavity of the 
cervix communicates with 
that of the vagina. The 
external o» is bounded by 
two lips, an anterior 
(labium anterius cervieis) 
and a (losterior (labium 
posterius corvicis), of which 
the anterior is the shorter 
and thicker, although, on 
account of the slope of 
the cervix, it projects 
lower than the posterior. 
Normally both lips are in 
contact with the posterior 
vaginal wail. 

Interior of the uterus (fig. 1016),—The cavity of the uterus is small 
in comparison with the size of the organ. 




k’lo. 1015.—Vertical transverse seeliun of uterus and 
upper part of vagina. 




THE UTERUS 


The cavity of the body is a mere sUt, flattened antero-posteriorly. ft ii^,| 
triangular in sha^, the base being form^ by the inter&M siulaoe of 
^dus between'we uterine orifices of the FaUtpian tubes, the apexthe 
internal os through which the cavity of the body communicate® i»ith the 
cavity of the cervix. 

The cavity of the cervix (canalis oervids uteri) is somewhat fusiform, 
flattened from before backwards, and broader at the middle tlian at either 
extremity. It communicates above through the internal os with the cavity 
of the body, and beloAV through the external os with the vaginal cavity. 
Tlie wall of the canal presents an anterior and a posterior longitudinal 
ridge, from each of which proceed a number of small oblique columns, giving 
the appearance of branches from the steiti of a ti'ee ; to this arrangement 
the name arbor vitas uterina is applied. The longitudinal ridges are not 
exactly opposed, but lit against one anotlnw so as to close the cervical 
canal. 

The total length of the uterine *avity from the external os to the fundus is 
about tw'o and a half inches. • 

Ligaments.— TIk( ligaments of the uterus are eight in number : one 
anterior ; one posterior ; two later'il or broad ; two utero-sacua! ; and, lastly, 
two round liganionts. 

'Phe anterior litjanuvf consists of the ut(!ro-v(‘si(!al fold of peritoneum, Avhich 
is reflected on to the bladder from tlui front of the uterus, at the junction of th(! 
ccj'V'ix and body. 

The posterior ligament consists of the recto-vaginal fold of peritoneum, 
winch is reflected from the back of the upper fourth of the vagina^on to the 
front of the rectum. It forms the bottom of a deep ])ouch calked Dnvglas's 
/)oueii, w'hich is bounded in front by the posterior wall of the uterus, the 
supravaginal cervix, and the upper fourth of the vagina ; beliind, by (he, 
rectum : and laterally by tAvo crescentic folds of peritoneum Avhic-h pass back- 
AA'ards from the cei A'ix uteri on «Mther side t)f the rectum to tlu; posterior wall 
of the pelvis. I’hese folds are named the sacro-genital, or recto-uterine folds. 
'J’hry contaiti a considerable amount of fibrous tissue and noii-st riped muscular 
fibres Avhich are attached to the front of the sacrum and constitute the iitero- 
saeral ligaments. 

'I’he two lateral or broad ligaments pass from tins sides of the uterus to the 
lat<'ral Avails of the pelvis. Togedher A\ith the ul(‘nis they fonn a septum 
aciross the female ])elvis, Avhich divides that cavity into Iavo poi'tions. In the 
anterior part is contained the bladder ; in the posierioi- j)art, the rectum, and 
in certain conditions some coils of the small intestine and a part of the i)elvic 
colon. Hetween the two layers of eacdi broad ligament are contairu^d : (1) t he 
Fallo{)ian tube su 2 )eriorly ; (2) the round ligament ; (3) the ovary and its 
ligament ; (4) the imrovarium, or organ of Rosenmiiller ; (5) connectiA’^e 
tissue ; (6) unstriped muscular fibre ; and (7) blood-vessels and tuu ves. Tlu' 
portion of the broad ligament A\hicti stndtthf's from the Fa]lo[)ian tul)e to the 
level of tlu! ovary is knoAvn by the name of the mesosalpinx. J3etA\’een the 
fimbriated extremity of the tube and tlu^ loAver attachment of tlve broad 
ligament is a concave rounded margin, calk'd the infundibulo-pelvic ligament. 

The round ligaments are tw'o flattened bands between four and flv(( inches 
in length, situiitiid btitwtjcn the layers of the broad liganwmt in front of and 
below the Fallojmui tubes. Commencing on eitluw side at the su])crior arigle 
of the uterus, this ligament is direct(?d forwards, upwards, and outwards over 
the pelvic brim. It then jjasses through the inUwnal abdominal ring and 
along the inguinal canal to the labium majus, in which it becomes lost. The 
round ligament consists imncipally of muscular tissue, })rolonged from the 
uterus ; also of some fibrous and areolar tissue, b<!8ides blood-vessels and nerves, 
enclosed in a duplicature of peritoneum, which, in the feetus, is prolonged in 
the form of a tubular process for a short distance into the inguinal canal. 
This process is called the canal of Nuck. It is generayy obliterated in the 
adult, but sometimes remains pervious even in advanced life. It is analogous 
to the processus vaginalis Avhich precedes the descent; of the testis. 

In addition to the ligahients just described, there is a band named the ligumenlum 
transversalia coUi (Mackenrodt^ on either side of the cervix uteri. It is attached to the 
lateral aspect of the cervix uteri and to the vault and lateral fornix of the vagina, and is 
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conlinuouB externally ‘with the fibrous tissue which suirounds the pelvic Hood* vessels. 
(Consult a note on the lateral fixation of the utenis'by Ella 0. A. Ovenden, ‘ Journal of 
Anatomy^nd Physiology,’ vol. xli., part iv., p. 308.) 

The form, size, and situation of the uterus vary at different periods of life and under 
different circiunstances. . 

In (he Jatus the uterus is contained in the abdominal cavity, projecting beyond the 
hiim of the pelris (fig. 1017). The cervix is considerably larger than the body. 

At pvberty the uterus is ijyriform in idiape, and wei^s from eight to ten drachms. It 
has descends into tfie pelvis, the fundus being-just below the level of the brim of this 
cayity. The arbor vital is distinct, and extends to the upper part of the cavity of the organ. 

. The position of .the uterus in tlie adult is liable to considerable variation, depending 
chiefly on the condition of the bladder and rectum. When the blfidder is empty the 
entire uterus is directed forwards, and is at the same time bent on itself at the junction of 
the hotly and cervix, so tlmt the body lieaupoh the bladder. As the latter fills, the uterus 
gradually beootnes hioce and more erect, until with a fully distended bladder the fundus 
may he directed Iwickwards towards the sacrum. 


Fio. 1016;—The arteries of the internal ergans of generation of the female, 
seen from behind. (After Sfyrtl.) 

-- Jirimches to tiihr 



During menstruati<m the organ is enlarged, and more vascular, its surfaces rounder; 
the os externum-is rounded, its labia swollen, and the lining membrane of the body 
thickened, softer, and of a darker colour. Aoooiding to Sir J. Wdliams.iat each recurrence 
of menstruation, a molecular disintegration of the mucous membrane takes place, which 
K-ads to its complete removal, only the bases of the glands imbedded in the muscle being 
left. At the cessation of menstruation, by a proliferation of the remaining structures, 
a Iresh mucous membrane is formed. 

During pregnancy the uterus becomes enormously enlarged, and in the eighth month 
reachib the epigastric region. The increase in size is partly due to growth- of pre-existing 
muscle, and partly to development of new fibres. 

After parturition the uterus nearly regains its usual size, weighing about an ounce and 
a half ; but its cavity is larger than in the virgin state, its vessels are tortuous, and its 
muscular layers arc more defined; the external orifice is more marked, and its edges 
present one or more fissiu'es.i 

In old age the uterus becomes atrophied, and paler and denser in texture; a more 
distinct constriction separat'es the body and cwvix. The ostjum internum is frequently, 
and the ostium externum occasionally, obliterated, while the labia almost entirely disappear. 

Structure.—^The uterus is composed of three coats : an external or serous coat, a middle 
or muscular coat, and an internal or mucous coat. 








llio aermis coat is derived from the peritoneum; it invests the fundus and the whob 
of the posterior surface of the uterus ; but covers the anterior surface onjy as far os the 
junction of the body and cervix. In the lower fourth of the posterior surface the 
peritoneum, though covering the .uterus, is not closely connected with i^_ being separated 
from it by a layer of loose cellular tissue and some large veins. 

The muscuhr coat forms the chief bulhof the substance of the uterus. In tlie virgin 
it is dense, firm, of a greyish colour, and cuts almost like cartilage. It is thick opposite 
the middle of the body and fundus, ana thin at the mifices, of tlie Fallopian lubes. 
It consists of bundles of unstriped mtisoular fibres, disfiosed in layers, intermixed with 
areolar tissue, blood-vessels, lymphatic vessels, and nerves. Ihiriiw pregnancy the 
muscular tissue becomes more prominently developed, and is disposed in three layers : 
external, middle, and internal. 

The external layer, placed beneath the peritoneum, is disposed as a thin plane on the 
anterior and jiosterior surfaces. It consists qt fibres which pass transversely across the 
fundus, and, converging at each superior angle of the uterus, (^e continued on to the 
Fallopian tube, the round ligament, and the ligament of the ovary j some passing at each 
side into the brood ligament, and others running backwards from the cervix into the 
saci'o-utcrinc ligaments. The middle layer of fibres, which is thickest, pi-esents no regu¬ 
larity in its arrangement, being disposed* longitudinally, obliquely,-and transversely. It 
contains most blood-vessels. The internal or deep layer consists of circular fibres arranged 
in the form of two hollow cones, the apices of which surround^^lbc orifices of the Fallopiati 

Fio. 1017.—Sagittal section through the pelvis of a newlj^bom female ■ 
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tulies, thcii' bases intermingling with one another on the middle of the body of the uteius. 
At the inteinal os these circular fibres form a distinct sphincter. . 

The mucous membrane is thin, smooth, and closely adherent to the subjacent tissue. 
It is continuous, through the fimbriated extremity of tlie Fallopian tubes, with the 
peritoneum ; and, through the os uteri, with th^lining of the vagina. 

In the body of the uterus the mucous membrane is smooth, soft, of a pale red colour, 
lined by columnar; ciliated epithelium, and presents, when viewed with a lens, the orifices 
of numerous tubular folliclina, arranged perpendicularly to the surface. It is unprovided 
with any submuoosa, but is intimately connected with the innermost layer of the mifb- 
cular coat, w'hich by some anatomists is regarded as the musculoris mucosse. The structure 
of the corium differs from that of ordinary mucous membranes, and consists of an embryonic 
nucleated and highly cellular form of ooimcotivo tissue in which run numerous large 
lymphatics. In it aie the tube-like uterine glands, which are of small size in the unilfipreg 
Dated uterus, but shortly after impregnation become enlarged and elongated, presenting 
a contorted or waved appearance (See page 97). They consist of a delicate membrane, 
lined by an epithelium, which liecomes ciliated towards the orifices. 

In ^e cervix the mucous membrane is sharply differentiated from that of the uterine 
cavity. It is thrown into numerous oblique ridges, which siiverge from an anterior and 
posterior longitudinal raphe, presenting an appearance which has received the name of 
arbor vitcB. In the upper two-thirds of the canal, the muooul membrane is provided with 
numerous deep glandular lollicles, which secrete a clear viscid alkaline mucus; and, in 
addition, extending through the whole length of the canal is a variable numlior of little 
cysts, presumably follicles which have teoome occluded and distended with retained 
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secretion. They are called the ovnla Naltothi. The mucous memV)rane covering the lower 
half of the cervical canal presents numerous papillae. Tlie epithelium of the upper two- 
thirds is cylindrical and ciliated, but below this it loses its cilia, and gradually changes to 
squapiouH epithelium close to the external os. On the vaginal surface of the cervix the 
ejiithelium is similar to that lining the vagina, viz. stiatified squamous. 

Vessels and Nerves.—^The arteries of the uterus arc the uteci ne. from the int ernal iliac; 
and the ovarian, from the abdominal , 4 ortft.,fJig. 1016). ^ey are rm'aricttttle for 
their tortuous course in the substance of the organ, and for tlieir frequent anastomoses. 
The termination of the ovarian artery meets the termination of the uterine artery, and 
forms an anastomotic trunk from whieii branches arc given off to supply the uterus, their 
disposition being, as shown by Sir John Williams, circular. Tlie veins are of large size, 
and correspond with the arteries. They terminate in rim iiwinn in the 

impregnated uterus the arteries carry the Ulood to, and the veins convey it away from, 
the maternal blood-sinuses of the placenta (see fiage 100). The lymphalirs are described 
on jiage 789. The nerves arc derived from the hypogastric and ovarian plexuses, and 
from the third and fourth sacral nerves. 

Applied Arutfmnj/.—A certain amount of ant eversion and retroversion can take place 
without the condition being j-egarded as pathological, but when the degree of flexion 
becomes considerable it must bo regaided as % morbid condition. This is especially 
true of retroversion and retroflexion. Tlie former is a falling back of the whole uterus, so 
that the cervix p<iints upwards towards the pubes, and the latter is a bending backwards 
of the body, the cervix remaining in its normal position. The two conditions are usually 
combineil. Prolapse of the uterus is another common infirmity. The organ sinks to an 
abnormally low level in the pelvis, and sometimes protrudes beyond the vulva. This is 
due to the supporting mechanism of the uterus being insufficient to sustain the strain 
thrown upon it. 

The uterus may require removal in cases of malignant disease or for fibroid tuuiours. 
Carcinoma j[8 the most common form of malignant disease of the utenis, thougli cases 
of sarcoma do accur. It may show itself either os a columnar carcinoma or as a squamous 
carcinoma ; the former <‘ommoncing either in tlie cervix or body of the uterus, the latter 
always commencing in the epitlrelial cells of- the mucous covering of the vaginal surfiuse 
of the cervix. Cancer 15f the body or of the cervix may be treated in the early stage, before 
fixation has taken idace, by removal of the uterus, either through the vagina or by means 
of abdominal section, but if the body be much enlarged the former operation is impossible. 
Vaginal hysterectomy is performed by jilaeing the jiatient in the lilhotomy position and 
introducing a large duckbill .speculum. The cervix is tlien seized with a volsellum and 
]»ulled down as far as ^jossible, and the mucous membrane of the vagina incised around 
the cervix and as near to it ns the disease will allow, especially in front, where tlie ureters 
arc in dan :er of being wounded. Douglas's poucih is then opened sufficiently to allow of.^ 
the introduction of the two forefingers, by means of which the opening is dilated laterally 
as far as the sacTO-utorine ligaments. A somewhat similar jirocecding is adopted in front, 
but here the bladder has to bo sejiarated from the anterior wall of the uterus for about an 
inch befoi-e the vosieo-uterine fold of peritoneum can be reached. This is done by carefully 
buiTow’ing upwards with a director and strijiping the tissues off the anterior uterine wall. 
When the vesico-uterine fiouch has been opened and the aperture dilated laterally, the 
uterus remains attached only by the broad ligaments, in which arc contained the vessels 
that su|)ply the uterus. Before division of the ligaments, these vessels have to be dealt 
with. The forelingerof the left hand is introduced into Douglas's pouch, and an aneurysm 
needle, armed with a long silk ligature, is inserted into the vesico-uterine pouch, and is 
jniahed through the. broiwl ligament about an inch above its lower level and ats6me distance 
from the uterus. One end of the ligature is now [lulled through the anterior opening, and 
in this way we have the lowest inch of the broad ligament, in which is contained the 
uterine artery (lig. 1016). enelo.sed in a Ifgatui’e. This is tied tiglitly, and the operation is 
rc|jcated on the other side. The broad ligament is then divided on either side, betw'een 
the ligature and the uterus, to the extent to which it has been constristed. By traction 
on the volsellum which grasps the cervix, the uterus can bo pulled considerably further 
dbwn in the vagina, and a second inch of the broad ligament is treated in a similar way. ) 
This second ligature will embrace the pampiniform plexus of veins, and, when the broad 
ligament has been divided on either side, it will be found that a third ligature can be 
mode to jiass over the Fallojiian tube and top of the broad ligament, after ^e uterus has 
been dragged down as far as possible. After the third ligature has been, tied and the 
structures between it and the uterus divided, this organ will be freed from all its con¬ 
nections and can be removed from the vagina. Tlie third ligature will contain the ovarian 
artery, between the ovary and the uterine cornu, as it lies below the Fallopian tube. The 
vagina is then sponged opt and lightly dresst'd with gauze; no sutures being usetl. 

In the treatment ot uterine fibroids which require operative interference, removal of 
the whole of the uterus toget^her with the tumours through an abdominal incision gives the 
most satisfactory results; for, if the tumour is large, its size acts as a barrier to its safe 
delivery through the pelvis and genital passages. After the abdomen has been opened 
the uterine vessels are secured and the brood ligaments divided in a manner similar to that 



THE VAGINA 


1229 


employed in vaginal hyslorectomy, except that the proceeding is coramencod from almvo. 
When the first two ligatures have iWn tied, and the broad ligament divided, it will be found 
that the uterus can be raised out of the pelvis. A transverse incision is now made through 
the peritoneimi, where it is reflected from the anterior surface of the uterus on to the back 
of the bladder, and the serous membrane jieeled from the surface of the uterus until the 
vagina is reached. Tlie anterior wall of this canal is then cut across. I’lu*. uterus is now 
turned forwanis and the peritoneum at the Imttom of IJouglas’s pouch incised transversely, 
and the ]»osterior wall of the vagina cut across, until it meets the incision on the antcriiir 
wall. The uterus is now almost free, and is held only by the lower part of the broatl 
ligament on cither side, containing the uterine artery. A third ligatuie is made to cncirolc 
this as close to the uterus as possible, the position of the ui’etcr btnng always kept in miud, 
and, after having been tied, the structures are divided between the ligature and the uterus', 
Tlie organ can now be removed. The vagina is plugged with gauze, and the external 
wound closed in the usual way. The vagina acts as a drain, and therefore the opening into 
it is not sutured. 

Inflammation of the cellular tissue surrounding the cervix occasionally lakes ])lace. 
Laceration of the cei-vix by instruments or by the fa'lal head frequently occurs, opening 
up the cellular planes and so exposing them to any infection that may be jirescnt. An 
inflammatory mass forms in the cellular tissue between the layers of tbe Itroad ligament 
or of the utcro-sucral ligaments, and the condition is termed |)elvic cellulitis, or imm- 
ntelrilis. This condition is usually confined to one side of the pelvis, forming a large 
inflammatory mass which jmshes the iitcnis over to the opposite side. It does not. always 
remain locKilised, however, hut. may spread widely, surrounding the rectum oj‘ the necik of 
the bladder, or mounting into the iliats fossa, or oven to Ihe peiinejflu’ic cellular tissue. The 
condition may resolve or an abscess may form. In the former condition the cicatrisation 
of the inflammatory products often produces displacements of the uterus towards the 
atfectod side oJ Ihe pelvis, or sliicture ctf the rectum when that viscus has been surrounded 
by the ]irocesa. When suppuration ensues, the pus may hurst into the hladdc-r, vagina, or 
rectum, or it may present altove i’oiipuii's ligament, or it may mount ^o^he anterior 
abdominal wall in front of the bladder or'to Ihe posterior abdominal wall between the iliac 
crest a.nd la,st rib. The abscess may, moreover, make its w’ay into the buttock by p.-issiug 
out of the pelvis through the great sncro-seiatic foramen, or it may*pass down beivieen the 
fibres of the Ijcvator ani and a}>[)ear as a secondary ischio-rectal abseesa. 


The Vaojna (fig. 1014) 

The. vagrina extends from ilie vestilmlo to tin' uterus, and is situated 
behind the bladder and in fi'Qjit of the rectum ; it is direelod Uf)wards .•iml 
/bfK-kwards, its axis forming \vith ithat of tins uterus an nuglo of over 90", 
o|)ening forwards. Its walls are ordinarily in (‘.oritaet, and tlu* u.mal sliajM! 
of its lower })art on transverse seedion is that of an H, the transverse limb 
beittg slightly eurveid forwards or bac^kwards, while tlie lateral limbs are some¬ 
what convex towards the median lino ; its middle jiart hae Ihe a])pearaiK‘e of 
a transverse slit. Its length is two and a half to lliree inches along its anb-rior 
wall, and thiee and a lialf inches along its jiosterior wall. It is constjicic'd at 
its com men cement, dilated in the middle, and narrowed near its uterine 
extremity ; it surrounds the vaginal portion of tlie cervix uteri, a short distance 
from the os, its attachment extending-higher ui> on the jiosterior than on the 
anterior w*ill of the uterus.- To the recess behind the cervix tlni (erm jtrMtrrior 
fornix is apjilied, while the smaller recess in front is termed anterior fornix. 

The anterior surface of the vagina is in relation w ith the base of the bladder, 
and with the urethra. Its posterior surface in connected for the middle two fourths 
of its extent to the anterior wall of the rectum, the upper fourth being sejiarated 
from that tube by the reeto-^'aginal pouch of peritoneum, or pouch of ]Jougli),(i. 
The lower fourth'is separated from the anal canal by the porinamm. Its sides 
are enclosed between the Levatores ani muscles. As the terminal portions of 
the ureters pass forw'ards and inwards to roach the base of the bladder, they 
run one on either side of the lateral aspect of the upper part of the vagina. 

Structure.—Tlio vagina consists of an internal mucous lining, and a muscular coat, 
separated by a layer of erectile tissue. 

The mucous membrane is continuous aliovo with that lining the uterus. Its inner 
surface presents tw'o longitudinal ridges, one on its anterior and ftne on its posterior wall. 
These, ridges are called the columns of tbe vagina, and from them numerous transvemo 
ridges or rugae extend outwards on either side. ITiese rug*) are divided by furrows of 
variable depth, giving to the raucous membrane the appearance of being studded over 
with conical projections or papillat; they are moat numerous near the orifice of the vagina, 
especially in females before parturition. The epithelium covering the mucous membrane 
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is of the stratified squamous variety. The submucous tissue is very loose, and contains 
numerous large veins, which by their anastomoses form a plexus, together with smooth 
muscular fibres derived from the muscular coat; it is regarded by Gussenbauer as an 
erectile tissue. It contains a number of mucous crypts, but no true glands. 

The muscular coal consists of two layers : an external longitudinal, which is by far the 
stronger, and an internal circular layer. Ihe longitudinal fibres are continuous with the 
sui)erficial muscular fibres of the uterus. The strongest faaoicuii are those attached to the 
recto-vesical fascia on each side. The two layers are not distinctly separable from each 
other, but are connected by oblique decussating fasciculi, which pass from the one layer 
to the other. In addition to this, the vagina at its lower end is surrounded by a band of 
strijjed muscular fibres, the Sphincter vagince (see page 526). 

External to the muscular coat is a layer of connective tissue, containing a large plexus 
of blood-vessels. 

The erectile tissue consists of a layer of loose connective tissue, situated between the 
mucous membrane and the muscular coat; imbedded in it is a plexus of large veins, and 
numerous bundles of un8tri|>ed muscular fibres, derived from the circular muscular layer, 
llie arrangement of the veins is similar to that found in other erectile tiasues. 

« 

External Organs (fig. 1018) 

Tlio external genital organs of the female are: the mons Veneris, 
the labia majora et minora, the clitoris, the bulbus vestibuli, and the glands 
ejMjl^l^holin. The term •vulva or pudendum (pudendum muliebre), as generally 
appia^ncludes all these parts. 

Fio. 1018.—External genital organs of female. The labia minora have been 
< drawn apart. 



The mons Veneris is the rounded eminence in front of the pubic symphysis, 
formed by a collection of fatty tissue beneath the integument. It becomes 
covered with hair at the ibime of puberty. 

The labia m^'ora (labia majora pudendi) are two prominent longitudinal 
cutaneous folds which extend downwards and backwards from the mons 
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Veneris and form the lateral boundaries of a fissure or cleft, the urogenital 
deft (rima pudendi) into which the vagina and urethra open. Each labium 
has two surfaces, an outer, pigmented and covered with strong, <irisp hairs ; 
and an iiuior, smooth and beset with large sebaceous follicles. Between the 
two there is a considerable quantity of areolar tissue, fat, and a. tissue resembling 
the dartos of the scrotum, besides vessels, nerves, and glands. The labia 
are thicker in front, .where they form by their meeting the anterior commissure 
(commissura labiorum anterior). Posteriorly they are not really joined, but 
appear to become lost in the neighbouring integument, terminating close to, 
and nearly parallel with, each other. Together with' the connecting skin 
between them, they form the posterior cr>mmissure (coranuGsura dabiorum 
posterior), or posterior boundary of tlie,vulval orifice. The interval between 
the posterior commissure and the anus, from an inch to an inch and a quarter 
in length, constitutes the perinwum. The labia majora correspond to the 
scrotum in the male. 

The labia minora, or nymphx (labia minora pudendi), are two small 
cutaneous folds, situated within th® labia majora, and extending from the 
clitoris obliquely downwards. oiitM'ards, and backwaitis for alK)ut an inch 
and a half on each side of the orifice of the vagina, between which and the 
labia majora they are lost ; in the virgin the posterior ends of the labia minora 
arc usually joined across the middle lin© by a fold of skin, named tho fourclid^ 
(frenulum labiorum pudendi). Anteriorly, each labium minus divi(||||ripm’'' 
two portions : the upper division passes above the clitoris to me^t" itaraSow 
of the opposite side, forming a fold which overhangs the glans clitoridis and is 
named the prcepuiium clitoridis ; the lower division passes beneath the clitoris 
and becomes united to its under surface, forming, with its fellow ofjbhS opposite 
side, the frenulum clitoridis. On the internal surfaces of the labia minora are 
numerous sebaceous follicles. * 

The clitoris is an erectile structure, homologous with the penis. It is 
situated beneath the anterior commissure, partially hidden between the 
anterior extnmities of the labia minora. It consists of two corpora cavernosa, 
(ioinposed of erectile tissue enclosed in a dense layer of fibrous membrane, 
united together along their inner surfaces by an incomplete fibrous pecitiniform 
scutum ; these are connected to the rami of 4 ^ 0 'pubis and ischium on either 
siae- by a crus ; the free extremity, or glans clitoridis, is a small rounded 
tubenile, consisting of spongy erectile tissue, and highly sensitive. The 
clitoris is provided, like the penis, wdth a suspensory ligament, and with two 
small muscles, the Eivctorcs clitoridis, wdiich are inserted into the crura of 
the clitoris. ^ 

The vestibule. —The cleft between the labia minora and behind the 
glans clitoridis is named the vestibule (vestibulum vagina!) : in it arc seen the 
urethral and vaginal orifices and the openings of the ducts of Bartholin’s glands. 

The urethral orifice (orificium urethra! <!xternum) is placed about an 
inch behind the glans clitoridis and immediately in front of that of tlxe vagina ; 
it usually assumes the form of a short, sagittal cleft with slightly raised margins. 

The vaginal orifice (orificium vaginae) is a mesial slit below and b(!hind 
the opening of the urethra; its size varies inyersely with the degree of do\'clop- 
ment of the hymen. 

The hymen is a thin fold of mucous membrane situated at the orifice of 
the vagina; the’inner surfaces of the fold are normally in contact with each 
other, and the vaginal orifice appears as a cleft between them. The hymetf 
varies much in shape. When stretched, its commonest form is that of a ring, 
generally broadest posteriorly; sometimes it is represented by a semilunar 
fold, with its concave margin turned towards*’the pubes. Occasionally it is 
cribriform, or its free margin forms a membranous fringe. It may be entirely 
absent, or may form a complete septum across the low'cr end of the vagina ; 
the latter condition M known as an imperforate hymen. It may persist after 
copulation, so that it cannot be considered as a test of virginity. W'hon the 
hymen has been ruptured, small rounded elevations feno^n as the carunculce 
hymeneales are found as jts remains. Between the hymen and the fourchette 
is a shallow depression, named the fossa navieuktris. * 

The bulbus vestibuli is the homologue of the bulb and adjoining part 
of the corpus spongiosum of the male, and consists of tw'o elongated masses 



of ereotile tissue, plaoed ond on ^h«r dde of'the v:aginal'OJ:i&)^ tuaited to 

each other in front by a narrow median band tenned the patv 4niermedm. 
Each lateral mass measures a little over an inch in length. Their posterior 
ends are expanded and are in contact uith the glands of Bartholin ; their 
anterior ends are tapered and joined to one another by the pars intermedia : 
their deep surfaces are in contact Avith 'the triangular ligament; superficially 
they are covered by the Bulbo-cavernosus muscle. 

The glands of Bartholin (glandulsR vestibulares majores) are the homo- 
loguos of Cowper’s glands in tlu> male. They consist of two small, roundish 
bodies of a reddish-yellow colour, situated one on either side of the vaginal 
orifice in contacst with the posterior end of each lateral mass of the bulbus 
vestibuli. Each gland opens by means of a duct, about three-quarters of an 
inch in length, immediately external to the hymen, in the groove betw<»en it 
and the labium minu.s. 

MAMlMAliV (IlANDS 

The mamnis, or breasts, secrete tin* milk, and are .accessory glands of 
UiP generat ive! system. They exist in tlie male as well as in the fetiiale ; but 
ill the former only in the rudimentaiy .stale, unless their grow th is exe^ited by 
peculiar e-ircumstanccif*. In the female.- they ai'<! Ian o larger liomisplierical 
■ muinwc(w lying AA-ithin the siqv'i-ficial f.isc-ia and situated toA\ards the latesral 
*a3jTlSj|||i^^th(* pectoral region ; they corresjjoiid to the intervals helwocui the 
s(!(iond and sixth ribs, and extend from the side of the sternum to near the 
niid-axillary lime. Theii- wiuglit and dimensions diiler at diflF(!r(*nl periods of 
life, and in ditTerent individuals. Before puberty they arc of small si'/.(\ 
but enlarge!, as tlu! generative organs become more eom})letely developed. 


Fio. 1^9 .-^)issectioh of the loAvei' half of the female bieast during the 
}«'riod of lactation. (Lusclika.) 



Tluy in(!r(*as(! during pregnancy, and 08 f)eeially after delivery, and become 
atrophied in old age. The left mamma is generally a little larger than the 
riglit. 'J’Ik' base of eacli is nearly circular, flattened, or.slightly concave, and 
has its long diameter directed up\A‘ards and outw'ards towards the axilla ; it 
is 8e])arated from the fascia covering the Pectoraiis major and Serratus 
magnus muscles by loos* connective tissue. The outer surface of the mamma 
is convex, and presents^ just below the centre, a small conical prominence, the 
nipple. 

The nipple (papilla mammae) is a cylindrical or coiiical eminence, capable 
of undergoing a sort of erection from mechanical excitement, a change mainly 
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its surface 'tmokled sad provided vnth pt^illse; and it is perforated by from 
fifteen to tiventy orifices, the iqiertuies of the kctiferous ducts. The surface 
of the nipple is dark-coloured, and surrounded by an areola having a coloured 
tint. In the virgin the areola is of a delicate rosy hue; about the second 
month after impregnation it enlarges and acquires a darker tinge, which 
increases as pregnancy advances, becoming in some oases of a dark brown, 
or even black colour. This colour diminishes as soon as lactation is over, but 
is never entirely lost throughout life. These changes in the colour of the 
areola are of importance in forming a conclusion in a case of suspected first 
pregnancy. Near the base of the nipple, and upon the surface of the areola, 
are numerous large sebaceous glands {glands of Montgomery), which become 
much enlarged during lactation, and present the appearance of small tubercles 
beneath the skin. These glands secrete a peculiar fatty substance, which 
serves as a protection to the integument of the nipple during the act of sucking. 
The nipple consists of numerous ve8.sels, intermixed with plain muscular fibres, 
which are principally arranged in a«fircular manner around the base : some 
few fibres radiating from base to apex. The nipple and areola are closely 
attached to the skin. 


structure (figs. 1019,1020).—The maniTua consists, of glapa-tissue; of fibrous tissue, 
connecting its lobes ; and of fatty tissue in tho intervals betwoon the lobes. 
tissue, when freed from fibrous tissue and fat, is of a pale reddish colour, firm.^lf^Rtfire, 
flattened from before backwards and thicker in the centre than at tho circumference. The 
anterior suriace of the mamma presents numerous irregular processes whitSi project toward^, 
the sldn and arc joined to it by bands of connective tissue. It consists ot numerous 
lobes, and these are composed ol lobules, connected together by areolar*tiwue, blood¬ 
vessels, and ducts. The smallest lobules consist of a cluster of rounded alveoh, which 
open into the smallest branches of the laotiferpus ducts ; thew ducts unite to form larger 
ducts, andthesc terminate in a single canal, corresponding with one ot the effief subdivisions 
of the gland. ITie number of excretory ducts varies Iroin fifteen to twenty ; the,v are 
termed tho tvbuli Uietiferi. Tliey couveige tow aids tho areola, beneath which they lorm 
dilatations, or ampulUr. which serve as reservoirs for the milk, and, at the base of the 
nipple, become contracted, and pursue a straight course to its summit, perlorating it by 
separate orifices considerably narrower than the ducts themselves. Tlie ducts ai’e com¬ 
posed of areolar tissue containing longitudinal and transverse elastic fibres; muscular 
fibres are eiitiiely absent; they are lined by columiuir epithelium resting on a hoseraent- 
raembrane. 'flio epithelium ot tho mamqjary gland'dillers according to the state of 
activity of the organ. In the gland of a woman who is not jiregnant or suckling, the 
alveoli' are very small and solid, being filled with a mass of granular polyhedral cells. 
During pregnancy the alveoli enlarge, and the cells undergo rapid multiplication. At the 

commencoinent of lactation, the 
c'clls m the eenti-e of the alveolus 
undergo tatty degeneration, and 
are eliminated in the first milk, as 
eoloHtrum corpitarlea. Tlie peii- 
pheral cells of the alveolus remain, 
and form a single la,yer of granular, 
short columnar cells, with sphe¬ 
rical nuclei, limng the basement- 
membrane.* The cells, dm mg the 
state of activity of the gland, arc 
capable of forming, in their interior, 
oil-globules, which arc then ejected 
into the lumen of the alveolus, anti 
constitute the milk-globules. 

The Jibrous tissue invests the 
entire surface of the breast, and 
sends down septa between its 
lobes, connecting them together. 

The fatty tissue covers the sur¬ 
face of the gland, and occupies 
the interval between its lobes. It usually exists in considerable abundance, and 
determines the form and size of the gland. There is no infinediately beneath the 
areola and nipple. 


Pig, 1020.- -Transverse section of portion of 
mammary gland. 
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* According to Lacroiz'and Benda, there is a thin layer of non-striped muscle between the 
basement-membrane and the secreting cells. 
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«&d ITenrw^Tlut at’tei^ is^i^yipg mtUQmss am d«nT«d Ipc^ tibomoio 
branohes pf the aziUaiy, the interocMitati^^Qd the internal mammary. The m'na desopbe 
an anastomotio oirble round the base of the nipple; called by Haller the circvlus venosw. 
From this, large branches transmit the blood to Ae oircumferenoe of the gland, and end 
in the axiUary and internal mammary veins. The lymphatka are described on page 790. 
The nerves are derived from the anterior and lateral cutaneous nerves of the thorax. 

Applied Anatomy ,—^The ducts descending from the nipple radiate through the gland, 
and when an incision is made into the breast the scalpel should be directed radially, from 
the centre to the periphery, so that it may not pass across the ducts. A milk duct may 
become obstructed and distended, forming a tumour known as a gdtactocele. Abscess 
frequently occurs about the breast, and most often in women who are lactating, especially 
those who have cracks or fissures about the nipple. The abscess may lie between the 
septa, in the breast-tissue itself ; or it may lie beneath the skin by the aide of the nipple 
and superficial to the breosi; or it may form beneath it, between the breast and the deej) 
fascia. Free incision, radiating from the nipple, is required in such cases. 

Cysric formation of many different kinds is commonly seen in the mamma ; in some 
cases it is due to dilatation of the larger ducts or of the lymph spaces thi’oughout the gland;. 
in others the cysts occur in new grow'ths of the mamma, or as the result of olistruction of 
the smaller ducts by chronic inflammatory prccesses. 

Malignant growths are seen more often in the breast than in any other organ; they are 
of great variety, but the commonest is the spherqidal-ccllcd cancer, the cells of which are 
intermingled with a varying amount of iibro^s (issue. A hard contracting tumour-mass 
results, which drags on the fibrous septa betweSfl uic lobes so that fixation or retraction of 
the nipple ensues, and sooner or later the malignant infiltration invades the surrounding 
breast-tissues, the skin, the deep fascia and Pectorals, and even the chest wall and pleura. 
The lymphatic glands beneath the Pectorals and those situated towards the a jiex of (he axilla 
become early involved with secondary malignant deposit, and later the supraclavicular 
glands enlarge. Tn other cases the mediastinal glands may lie involved, when the disease is 
situated on the inner side of the nipple. 

The opcralion for removal of a breast affected with malignant disease shoidd be an 
extensive iirocedure. with the object of extirpating all fascial planes and lymphatic struc¬ 
tures that may be infected. The incision commences below, over the upper part of the 
sheath of the Rectus, encloses the mamma by an ellipse, and is then continued on towards 
the apex of the axilla. The skin is reflected on lioth sides of the incision ; anteriorly, till 
(ho sternum is reached, and posteriorly to the posterior boundary of (he axilla. Tlie 
origin of the sternal portion of (he Pectoralis major is then divided and turned backwaids. 
The Pectoralis minor is next seen, and its origin is then divided in a similar manner. The 
whole of the muscular and fascial planes of the front of the chest are thus separated en masse, 
carrying with them the mamma and the skin covering it. The iasertions of the two 
Pectorals have next to bo divided, and finally the axillary lymphatic glands and fat are 
removed from the axillary vessels in one piece with the mass of tissue already detached. 
'J’his is done by first freely exjiosing the whole length of the axillary vein and then, with a 
blunt instrument, peeling the structures off the vein from above downwards, from the iwint 
where they are crost,cd by the Subclavius muscle to the lower border of the axilla. In 
this part of the operation many brunches of both vein and artery require ligature. The 
only thing W'hich then remains to be divided is the deep fascia along the posterior axillary 
wall. The wound is then closed, drainage is provided, and firm pressure is applird with 
the dressings. It will be noted that the clavicular jiortion of the Pectoralis major is left 
intact, as it is of considerable service for the subsequent movements of the arm. the utility 
of which is but slightly imjiaired. • 


THE DUCTLESS GLANDS . 

There are certain organs which are very similar to secreting glands, but 
differ from them in one essential particular, viz. they do not possess any 
ducts by which their secretion is discharged. These organs are known as 
ductless glands. They are capable of internal secretion —that is to say, of 
forming, from materials brought to them in the blood, substances which have 
a certain influence uptm the nutritive and other changes going on in the 
body. This secretion is carried into the blood-stream, either directly by 
the veins or indirectly through the medium of the lymphatics. 

These glands include the thyroid and the parathyroids, the thymus, the 
spleen, the suprarenal, glands, and the small carotid and coccygeal bodies, 
which will be described in this section. They also include the lymphatic 
glands, which have already been described in the section on Angiology ; and 
the pineal gland and pituitary body described in the section on Neurology. 



Thh Thyboii} Bobir (feg. 1021) 

The thyroid body is a highly vascular organ, sdtuated at the front and 
sides of the neck ; it consists of two lateral lobes connected across the middle 
line by a narrow transverse portion, the isthmus. 

The weight of the thyroid body is somewhat variable, but is usually about 
one ounce. It is slightly heavier in the female, in whom it becomes enlarged 
during menstruation and pregnancy. 

The lobes arc conical in shape, the apex of each being directed upwai-ds 
and outwards as far as the junction of the middle with the lower third of the 
thyroid cartilage ; the base looks downwards, and is on a level with the fifth 
or sixtli tracheal ring. Each lobe is about two inches in length ; its gre|itoHf 
width is about an inch and a quarter, and its thickness about three-quarters 
of an inch. 

The external or superficial surfaci is convex, and covered by the skin, tln‘ 
superficial and deep fasciae, the Sterno-mastoid, the anterior belly of the 



Omo-hyoid, the,Sterno-hyoid and Stemo-thyroid muscles, and beneath the 
last muscle by the prc-tracheal layer of the deep fa.seia, which forms a capsule 
for the gland. The deep or internal surface is moulded over the underlying: 
structures, viz. the thyroid and cricoid caitilages, the trachea, the L)ferior 
constrictor and posterior part of the Crico-thyroid muscles, the oesophagus 
(particularly on the left side of the neck), the sujjcrior and inferior thyroid 
arteries, and the recurrent laryngeal nerves. The anterior border is thin, and 
inclines obliquely from above downwards and inwards towards the middle 
lino of the neck, while the posterior border is thick and overlaps the common 
carotid artery. 

The isthmus (‘onneets together the lower thirds af tlie two lateral loh<‘s ; 
it measures about half an inch in breadth, and the sayie in depth, and usually 
covers the second and .third rings of the trachea. Its situation and size 
prestmt, however, many variations, and this must be remembeml in performing 
tracheotomy. In the middle line of the neck it is covered by the skin and 
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fascia, and close to the middle 1^, on either 6id0, by the Steamo>'hyoid. ^ross 
its upper border nins a branch of the superior thyroid artery; at its lower 
border are the inferior thyroid veins. Sometimes the isthmus is altogether 
wanting. 

A third lobe, of conical shape, called the pyramid, frequently arises from 
the upper part of the isthmus, or from the adjacent portion of either lobe, 
but most commonly the loft, and ascends as liigh as the hyoid bone. It is 
occasionally quite detached, or may be divided into two or more parts. 

A fibrous or muscular band is sometimes found attached, above, to the 
body of the hyoid bone, and below to the isthmus of the gland, or its pyramidal 
process. When muscular, it is termed the Levator glandulce thyreoiaeoR. 

Small detached portions of thyroid tissue are sometimes found in (he 
vicinity of the lateral lobes or above tlie isthmus; they are called accessory 
thyroids. 

Straotnre.—The tliyrr iJ l)ody is invested by a thin eapsnie of connective tissue, which 
projects into its substance and imperietdly divides it into masses ot irregular form and 
size. When the organ is cut into, it is of a Utownish-red colour, and is seen to be made 
lip of a number of closed vesicles, containing a yellow glairy fluid, and separated from 
each other by intermediate connective tissue. 

AcoordinK to Baber, the vesicles of the thyroid of the adult animal are generally closed 
cavities; but in some young animals (e.g. young dogs) the vesicles aie more or less tubular 
and branched. This appearance he supposes to be due to the mode ot grow th ot the gland, and 
merely indicating that an increa.se in the numbei of vesicles is taking place. Each vesicle 
is composed of a line basement-membrane, lined by a single layer of cubical epithelium, 
surrounding a large lumen ; between the ejnthelial cells exists a delicate reticulum. Ilie 
vesicles ai!“ of various sizes and shapes, and contain as a normal product a viscid, homo- 


Fra. 1022.—^Mmuto structure of thyroid. From a transverse section of the 
thyroid ol a dog. (Kemi-diagrammatic.) (Balier.) 



geneous, semi-fluid, slightly yellowish, colloid material ; red corpuscles are found in it in 
various stages ot disintegiation and decolorisation, the yellow tir^e being probably due 
to the h.-emoglobin, which is thus set free from the coloured corpuscles. The colloid 
material contains an iodine compound, Otyroidin, readily stained by eosin. It passes out 
between the i ubical cells and is absorbed into the blood or lymph. 

The capillary blood-vessels form a dense plexus in the connective tissue around the 
vefucles, between the epithelium of the vesicles and the endothelium of the lymphatics, 
which surround a greatei^or smaller part of the circumference of the vesicle. The 
lymphatic vessels run in the interlobular connective tissue, not uncommonly surrounding 
the arteries which they accompany, and communicate with a network in me capsule of 
the gland. • 

▼eiiels and irerres.—^The arteries supplying the thyroid are the superior and inferior 
thyroid, and sometimes an additional branch ^hyreoidea media or ima) from the innomi- 
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arteries are remarkable for their large alee aa^ foe^uent aoaatomoeeB. 3%e veitu iotm a 
plexus OQ surface of the gbmd aad on the front of the trachea; from this plexus the 
superior, mi^e, and inferior thyroid veins arise; the superior and middle terminate in 
the internal jugular, the inferior in the innominate vein. The lymjihaUca are numerous, of 
large ^e, and end in the thoracic and r^t lymphatic ducts. The nerves are derived from 
the mid(Ue and infmor cervical ganglia of the sympathetic. 

Applied Anatomy .—^An enlargement of the thyroid gland is call^ a goitre. The 
swelling may take the form of a diflhise hypertrophy of the whole gland, giving rise to the 
parencht/maious goitte, this being mainly due to the hypertrophy of the Uiyroid follicles 
themselves; in other oases ambroid form of goitre is prrauced owing to the increase in the 
interstitial connective tissue; in others, agam, the vascular changes may preponderate, 
and many large pulsating vessels may be present. Much more commonly, however, the 
enlargement is due to adenomatous now growth in the substance of the thyroid j these 
tumours are always innocent, and tend to destroy life only by pressure on the air passages. 
A single tumour is the rule, but in some instances a very largo number may be present. 
They tend to show marked mucoid degeneration, and so become converted into cyst- 
adenomata, and finally into w'hat apiiear to bo simple tysts. These tumours may attain 
an enormous size and may involve pract eaUy the whole gland. Malignant tumour-growth 
also, more rarely, attacks the organ. 

When, in spite of treatment, a goitre continues to giow, and especially when there are 
commencing symptoms of tracheal pressure, operative interference becomes necessary. 
This is not difficult, if an encapsuled tumour is to be dealt with, provided the anatomical 
layers covering it are remembered. In such a case it is necessary to make an incision 
suited to the «ize and situation of the tumour, and having divided the deep cervical fascia, 
to letraol the tSterno-mastoid or divide it il necessary. The Stcmo-hyoid and Sterno¬ 
thyroid muscles next require division, or m some cases their fibres may be separated 
and drawn asunder, and beneath is found the onshoathing capsule derived fr^m the pn*- 
trachcal fascia ; this requires division, and exposes the true capsule of the 4hyroid gland. 
In the case of an adenoma or cyst, this true capsule then needs incision before the tumour 
can be effect anlly shelled out, and tliis is usually accomplished with very little hsemorrh^e, 
and without anv of the main vessels of the gland roqumng ligature. 

Partial extirpation of the thyroid, viz. the removal of one lateral lolio with division of 
llie isthmus, may bo required in cases of parenchymatous goitre, and possibly in early cases 
of malignant disease. It is a more radical proceeding, and carries with it a much greater 
nsk from haemorrhage; there is also a danger of wounding the recurrent laryngeal nerve. 
The whole gland must never be removed, as such a procedure is followed by the develojiment 
of myxeedema. In hemi-thyroidectomy a free incision is indicated—dividing muscles, if 
necessary—^to expose the true gland capsule, but at the same time avoiding injury to the 
large vessels which ho beneath it. Tlie superior and inferior pedicles containing the 
respective thyroid aiteries are then isolated and clamped on cither side and divided between 
the clamps. The half gland is then turned over towards the middle lino, and the isthmus 
ligatured and divided. Some venous bleeding is apt to occur from connections with tlie 
tracheal veins, and must be stopped. The p^cles are then securely ligatured and the 
wound closed. In dealing with the inferior thyroid artery, the position of the recurrent 
laryngeal nerve must be borne in mind, so os not to ligature or divide it. Temporary 
aphonia not uncommonly follows from bruising of the nerve, and it nothing more serious 
has occurred soon jmsscs off. 


The Pabathykoid Glands 

The parathyroid glands are small brovmish-red bodies, situated near the 
thyroid gland, but differing from it in structure, being composed of masses 
of cells arrangedsin a more or loss columnar fashion with numerous intervem'ng 
capillaries. They measure on an average about a quarter of an inch in longti^ 
and from a sixth to an eighth of an inch in breadth, and usually present the 
appearance of flattened oval discs. They arc divided, according to their 
situation, into superior and inferior. The superior, usually two in number, 
are the more constant in position, and are situated, one on either side, at the 
level of tho lower border of the cricoid cartilage, behind the junction of tho 
pharynx and oesophagus, and in front of tho prevortebral fascia. The inferior, 
also usually two in number, may be applied to the lower edge of the lateral 
lobe, or placed at some little distance below the thyroid body, or found in 
relation to ono of the inferior thyroid veins.* • 

In man, they number four as a rule ; fewer than*four w'ere found in less 

• Cunbult an article ‘Concerning the Paratliyroid Glands,* by D. A, 'We\'h, Journal of 
Anatomy wad Physiology, vol xxx'ii. 
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than 1 iwr cent, of over a thousand persons (Pepere *), but more than four in 
over 33 per cent, of 122 bodies examined by Civalleri. In ad^tion, numerous 
minute islands of paratliyroid tissue may to found scattered in the connective 
tissue and fat of the neck round the parathyroid glands proper, and quite 
distinct from them. 

Structure.—Microscopically die jiarathyroids show great variety in structure. Masses 
of gland cells, gland cells in networks, columns, or alveoli, and in follicles containing a 
oolloid secretion, all occur iioniially. In addition, tho amount and disjiosition of the fat, 
blood-vessels, and fibrous tissue all vary widely, not only in different parathyroids, but 
even in different parts of the same jmralhyroid gland. 

Applied Annit)mf/.--^o doubt the parathyroid glands produce an internal secretion 
esH(;ntial to the well-being of the human economy ; but it is still a matter of dispute what 
sym|>toniH of disease are jiroilueod by their removal and suppression of their secretion. 
IVpcro believes that they show .signs of exceptional activity during pregnancy, and that 
(larathyroid insufficiency is a main factor in the production of tetany in infants and lulults, 
of eclampsia, and of certain sorts oi fits. 

( 

Thk Thymus Gland (fig. 1023) 

'I'lie thymus gland is a temporary organ, attaining its full size at the 
end-of the seednd ycaih, wlion it ceases to grow, and gradually dwindles, until 
at imherty it lias almost disappeared. If examined when its growth is most 
active, it will be found to consist of two lateral lotos placed in close contact 
along the middle lino, situated partly in the thorax, partly in the nock, and 
extending from the fourth costal cartilage upwards, as high as the lower 
border ofth^i thyroid gland. It is covered by the sternum, and by tho origins 
of the Sterno-hyoid and Storno-thyroid muscles. Below, it rests upon tho 


Fui. 1023.—^Tiie thymus gland of a full-time fmtus, exposed in eUu. 



pericardium, being separated from the arch of the aorta and great vessels by 
a layer of fascia. In .the neck it lies on the fropt and side^ of the trachea, 
hahiud tho Storno-hyoid and Sterno-thyroiil muscles. The two lobes generally 
differ in size ; tiioy are occasionally united, so as to form a single mass ; and 
sometimes separated by an intermediate lobe. The thymus is of a pinkish- 
groy colour, soft, and lobulated on its surfaces. It is about two inches in 
length, one and a half in breadth below, and about tliree or four lines in 
thickness. At birtli it weighs about half an ounce. 

Structure.—Each lateral lobe is composed of num erous jobules held together by delicate 
-tissue; the entire gland being enclosed in an ipveating capsule of a Bimilar but 
denser structure. Tho primary lobules vary in size from that of a pin’s head to that of a 
small pea, and are made up of a number of snjall nodules or follicles, which are irregular in 
shape and are more or less fused together, especially towards the interior of the gland. 
g n r. 1 , amedulloiyand a cortical portion, and these differ in many essential 

* Consult Le Ghiandolc paratiroidee, by A. Pe'pere, Turin, 1906. 
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particulars from each other. *•'* n’«hily composed of jymphoid cells, 

supported by a delicate reticulum. In addition to this reticulum, of whicli only fraetw'rire 
found in the medullary portion, there is also a network of finely branched cells, wliicli 
is continuous with a similar network in the medullary portion. This network forms an 
adrentitia to the blood-vessels. In the mednUarp portion there arc but few ]ym2)hoid cells, 
but there are, eHj)ecially towards the centre, granular cells and concentric corpuscles. 
The granular cells are rounded or flask- 8 baf>ed niasst's. attached (often by tibrillated 
extremities) to blood-vessels and to newly formed connective tissue. The concentric cor¬ 
puscles are comjjosed of a central mass, consisting of one or more granular cells, and of a 
capsule which is formed of cjhthelioid cell.s ; these latter arc continuous with the branched 
cells forming the network mentioned almve. 


Fig. 1024.—Minute structure of thymus gland. Follicle of injected tbyiuus frem calf, four 
days old, slightly diagrammatic, magnified almut 50 diameters. 'I’he large vessels ari- 
disjjosed in two rings, one of which surrounds the follicle, the other lies just W'ithin the 
margin of the medulla. (VV^atney.) 



A and B. I’Yom t.liymua ot camel, examtned witliont addition of ony roiigont, MaRiilfled about 40(1 
dianirtns. If. Larae ooioiwless cell, containing amall oral mufiaw of Imnnoglobin. Similar oella arc fouinl 
in the lyniiili-glands, spleen, aud medulla ol bone, ii. Coloured bluod-curpusclea. 


Each follicle is surrounded by a capillary plexus, from which vessels pass into the 
interior, and radiate from the yieriphery towards the centre, forming a second zone just 
within the margin of the medullary jiortioii. In the centre of the medulla there are very 
few vessels, and they are of minute size. 

Watney has made the important observation that haemoglobin is found in the thynnis, 
either in cysts or in cells situated near to, or forming part of, the concentric corpmscles. 
This haemoglobin occurs as granules or as circular masses exactly resembling coloured 
blood-corpuscles. He has also discovered, in the l3rmph issuingrfrora the thymus, similar 
cells to those found in the gland, and, like them, containiif^ hmmoglobin in the form of 
either granules or masses. From these facts ho arrives at the conclusion that the thymus 
is one source of the coloured blood-corpuscles. 

Yesseli and Iferves. —The arteries supplying the thymus are derived from the internal 
mammary, and from the superior and inferior thyroid. The veins terminate in the left 
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innominate vein, and in the thyroid veins. The lymphatics are described on page 793. 
The nerves are exceedingly minute; th6y are deriv^ from the pneumogastric and sympa¬ 
thetic. Branches from the doscendens hypoglossi and phrenic reach the investing capsule, 
but do not penetrate into the substance of the gland. 

Applied Anatomy .—Sudden death—'"thymus death ’—with heart-failure, and with or 
without acute respiratory embarrassment, has been recorded in a number of infants and 
children in whom the thymus gland was considerably enlarged and the lymphatic tissues 
throughout the body showed general hypertrophy, but who showed no other evidence of 
disease. Such deaths have often occurred during the administration of anaesthetics, 
particularly chloroform. How far the enlarged thymus was responsible for the death of 
these patients, and. if it was rcsijpnsible, how fai- its action was mechanical, are points that 
have been much disputed. Short of producing this sudden death, it appears that thymic 
enlargement may cause attacks of respiratory stridor, or noisy and cQfiicult breathing, 
•and B^msraodic attacks of asthma—‘ thymic asthma ’—which may be frequently repeats 
and may even result in death. Primary tumours of the thymus are rare forms of 
mediastinal new growth^ and are usually dermoids or lymphosarcomas. 

The Spleen 

< 

The spleen (lien) is situated principally in the left hypochondriac region, 
but its upper and inner extremity extends into the epigastric region ,* it lies 
between the fundus of the stomach and the Diaphragm. It is the largest of 
the ductless glands, and is of an oblong, flattened form, soft, of very friable 
consistence, liighly vascular, and of a dark purplish colour. 

Relations. —^The external or diaphragmatic surface (facies diaphragm atica) 
is convex, smooth, and is directed upwards, backwards, and to the left, except 
at its upper end, where it is directed slightly inwards. It is in relation with 
the under Surface of the Diaphragm, wliich separates it from the ninth, tenth. 


Fio. 1025.—The spleen, showing its gastric and renal siirfaces. 



and eleventh rilw of the left side, and the intervening lower border of the left 
lung and pleura. 

The internal surface is divided by a ridge into an anterior or gastric, and a 
posterior or renal portion. 

The gastric surface (facies gastrica), w'hieh is directed forw'ards and 
inwards, is broad and concave, and is in contact with the posterior wall of 
the fundus of the stoihaoK; and below this with the tail of tlie pancreas. It 
presents near its inner border a long fissure, termed the hilus. This is pierced 
by several irregular apertures, for the entrance and exit of vessels and nerves. 

The renal surface (facies renalis) is directed inwards and downwards. It 
is somewhat flattened, is considerably narrower than the gastric surface, and 
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is in relation with the upper part of the outer surface of the left kidney and 
occasionally with the left suprarenal gland. 

The upper end is directed inwards, towards the vertebral column, where it 
Ues on a level with the eleventh thoracic vertebra. The hwer end, sometimes 
termed the basal surface, is flat, triangular in shape, and rests upon the splenic 
flexure of the colon and the phreno-colic ligament, and is generally in contact 
with the tail of the pancreas.^ The anterior border is free, sharp, and thin, 
and is often notched, especially below ; it separates the diaphragmatic 
from the gastric surface. The posterior border, more rounded and blunter 
than the anterior, separates the renal from the diaphragmatic surface; it 
corresponds to the lower border of the eleventh rib and lies between the 
Diaphragm and left kidney. The internal border or intermediate margin is 
the ridge which separates the renal and gastric surfaces. The inferior border 
separates the diaphragmatic from the basal surface. < 

The spleen is almost entirely surrounded by peritoneum, which is firmly 
adherent to its capsule. It is held in position by two folds of this membrane. 
One, the lieno-renal ligament, is derived from the layers of peritoneum forming 
the greater and lesser sacs, where they come into contact between the left 
kidney and the spleen; the splenic vessels pass betvreen its two layers ■ 
(fig. 926). The other fold, the gastro-spUnic omentum, is also formed of two 
layers, derived from the greater and lesser sacs respectively , where they fheet 
between the spleen and stomach (fig. 926) ; the vasa brevia and left gastro¬ 
epiploic branches of the splenic artery run between its tw^o layers. The lower 
end or basal surface of the spleen is supported by the phreno-colic ligament 
(see page 1129). ^ 

The size and weight of the spleen are liable to very extreme variations at 
different period of life, in different individuals, ancLin the same individual 
under different conditions. In the adult, it is usually about five inches*in 
length, three inches in breadth, and an inch or an inch and a half in thickness, 
and weighs about seven ounces. At birth, its weight, in proportion to the entire 
body, is almost equal to what is observed in the sSult, being as 1 to 350: while 
in the adult it varies from 1 to 320 and 400. In old cge, the organ hot only 
diminishes in weight, but decreases considerably in proportion to the entire 
body, being as 1 to 700. The size of the spleen is increased during and after 
digestion, and varies according to the state of nutrition of the body, being large 
in liighly fed, and small in starved animals. In malarial fever it becomes 
muc}> enlarged, weighing occasionally even from oigJiteen to twenty pounds. 

Frequently in the neighbourhood of the spleen, and especially in the gastro- 
splenic and great omenta, small nodules of splenic tissue may be found, either 
isolated or connected to the spleen by thin bands of splenic tissue. They are 
known as supernumerary or accessory spleens. They vary in size from that of a 
pea to that of a plum. 

Structure.—^The spleen is invested by two coats; an external serous and an internal 
fibro-eiastic (jpat. 

The external or serous coat is derived from the peritoneum ; it is thin, smooth, and in 
the human subject intimately adherent to the iibro-clastic coat. It invests the entire 
organ, except at the hilus and along the lines of rpilcction of the licno-renul ligament and 
gastro-splenic omentum. 

The fibro-eiastic coat invests the organ, and at the hilus is reflected inwards U(Km the 
vessels in the form of sheaths. From those sheaths, as well as from the inner surface of the 
fibro-eiastic coat, numerous small fibrous bands, trabecuke (fig. 1026), are given off in ifll 
directions; these uniting, constitute the framework of the spleen. The spleen therefore 
consists of a number of small spaces or areola:, formed by the trabeculm ; in these aroohe 
is contained the splenic pulp. 

The fibro-eiastic coat, the sheaths of the vessels, and the trabecuke, arc comijosed of 
white, and yellow elastic, fibrous tissues, the latter predominating. It is owing to the 
presence of the elastic tissue that the spleen possesses a considerable amount of elasticity, 
which allows of the very great variations in size that it presents under certain 
circumstances. In addition to these constituents of this tunic, there is found in man a 
small amount of non-striped muscular fibre; and in some lyamAalia (e.g. dog, pig, and 
cat) a large amount, so that the trabeculse appear to consist chiefly of muscular tissue. 

The aj^nic pulp is a soft mass of a dark reddish-brown tolour, resembling grumous 
blood ; it consists of a number of branching- ceils and of an intercellular substance. The 
cells are connective-tissue corpuscles, and are termed the susientaculdr or supporting ceUs 
of the pulp. The processes of these cells communicate with each other, thus forming a 
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delioate reticulated tissue in the interior of the areolte, so that each areola may be con* 
sidorod to be divided into a number of smaller spaces by the junction of the processes of 
the branching corpuscles. These secondary spaces are full of'blood, in which, however, 
the white corpuscles are found to be in larger proportion than they are in ordinary blood. 
Large rounded cells, termed splenic ceUs, are also seen; these are capable of amoeboid 
movement, and often contain pigment and red blood-corpuscles in their interior. The 
sustentocular cells are either small uni-nucleatod, or large multi-nucleated cells; they 
do not stain deeply with carmine, and in this respect differ from the cells of the Malpighian 
bodies, but like these cells they exliibit amoeboid movements. In many of them'may be 
seen deep red or reddish-yellow granules of various sizes, also blood-corpuscles in all stages 
of'disintegration. Klein has |K>inted out that sometimes these ceils, in the young spleen, 
e.ontaia proliferating nuclei; that is to say, the nucleus is of large size, and presents a 
number of knob-like projections, as if small nuclei wore budding from it by a process 
of gemmation. This observation is of importance, os it may explain one [lossible source of 
the coloui'less blood-corpuscles. ^ 

Blood-vessels of the spleen.—^The .splenic artery isl^markable for its large size in 
proportion to the size of the organ, and also for its tortuoi^s course. It divides into six or 
more branches, which enter the hilus of the spleen and ramify throughout its substance 
(fig. 1027). receiving sheaths from an involution of the external fibrous tissue. Similar 
sheaths also invest the nerves and veins. 


• Jfio. 1020.—^I’ransverse section of the^|>leeftj showing the trabecular tissue 
and the splenic vein and its tributaries. 



Each branch runs in the transverse axis of the organ, from within outwards, diminishing 
in size during its transit, and giving off in its passage smaller branches, some of which pass 
to the anterior, others to the posterior part. These ultimately leave the trabecular sheaths, 
and terminate in the jiroper substance of the spleen in small tufts or pencils of minute 
arterioles, which open into the interstices of the reticulum foimed by the branched susten- 
t.acuiar cells. Each of the larger branches of the artery supplies chiefly that region of the 
cfigan in which the branch ramifies, having no anastomosis with the majority of the other 
branches. 

The arterioles, supported by the minute trabecula?, traverse the pulp in all directions 
in bundles of straight vessels. Tlieir external coats, on leaving the trabecular sheaths, 
consist of ordinary connective tissue, but they gradually undergo a transformation, become 
much thickened, and converted into adenoid material.* This change is effected by the 
conversion of the connecitive tissue into adenoid tissue; the bundles of connective tissue 
becoming looser and their fibrils more delicate, and containing in their interstices an 
abundance of lymph-corpuscles (W, Muller). 

The altered coat of fne arterioles, consisting of adenoid tissue, presents here and there 
thickenings of a spheroidal shajje, the Malpighian btjdiejt o f Ike spleen. These bodies vary 

• According to Klein, it is the sheath of the small vessel which undergoes this trans¬ 
formation, and forms a ‘solid mass of adenoid tissue whjeh surrounds the vessel like a 
cylindrical sheath,’— Atlas of Histology, p. 424. 
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in size from about of ioob to g’y of an inch in diameter. They are merely local 
expansions or hyper^lasi® of the adenoid tissue of which the external coat of the smaller 
arteries of the spleen is formed. They are most frequently found surrounding the arteriole, 
which thus seems to tunnel them, but occasionally they grow from one side of the vessel 
only, and present the appearance of a sessile bud growdug from the arterial wall. Klein, 
however, denies this, and says it is incorrect to describe the Malpighian bodies as isolated 

Fia. 1027.—Transverse section of the human spleen, showing the di8tril)ution 
of the splenic artery and its branch(». 



masses of adenoid tissue, that they are always formed around an artery, though tflere 
is generally a greater amount on one side than on the other, and that, therefore, in trans¬ 
verse sections, the artery, in the majority of cases, is found in an eccentric position. These 
bodies ai-e visible to the naked eye on the surface of a fi-esh section of the organ, appearing 
as minute dots of a semi-opaque whitish colour in the dark substance of the puli). 


Fig. 1028.—Transverse section of a portion of the spleen. 



minute structure they resemble the adenoid tissue of lymphatic glands, consisting of a 
delicate reticulum, in the meshes of which lie ordinary lymphoid Bells (fig, 1028). 

The reticulum of the tissue is made up of extremely fine fibrils, and is comparatively 
ojien in the centre of the corpuscle, becoming closer at its pdripWy. The cells v’hich it 
encloses, like the supporting cells of the pulp, are possessed of amoeboid movements, but 
when treated with carmine become deeply stained, and can be easily disHngnishod from those 
of the pulp. 



The arterioles terminate in oapiUaxie^ vMoh travene the ptdp hi ell direobojifl i tiietr 
walls become much attenuated, lose their tubular dtaraotw, and the eelto of the adenoid 
tissue of which they are oompo^ become altered, j^enting a branched appearance, and 
acquiring processes which are directly coimected with the processes of the sustentaoolar 
eeUs of the pulp (fig. 1020). In this manner the capillary vessels terminate, and the blood 
flowing through them finds its way into the interstices of the reticulated tissue formed by 
the branched connective-tissue corpuscles of the splenic pulp. Thus the blood passing 
through the spleen is brought into intimate relation with the elements of the pulp, and no 
doubt undergoes important changes. 

After these changes have taken place the blood is collected from the interstices of the 
tissue by the rootlets of the veins, which commence muon in the same way as the arterie.H 
terminate. Where a vein is about to commence, the conneettve-tissue corpuscles of the pulp 
arrange themselves in rows, in such a way as to form an elongated space or sinus. They 
become clianged in shape, being elongated and spindle-shapi^, and overlap each other 
at their extremities. They thus form a sort ot endothelial lining of the path or sinus, which 
is the radicle of a vein. On the outer surface of these cells are seen delicate transverse lines 
or markings, which arc due to minute elastic fibnllse arranged in a circular manner around 
the sinus. Thus the channel obtains an external investment, and gradually becomes 
converted into a small vein, which after a time atitains a coat of ordinary connecth e tissue, 
lined by a layer of fusiform epithelial cells which are continuous with the supporting cells 
of the pulp. The smaller veins unite to form larger ones ; these do not accompany the 
arteries, but soon enter tlie tralieoulai sheaths of the capsule, and by their junction form 
six orcnoio branches, which emergetfrom the hilus, and, uniting, constitute the splenic vein, 
the largest radicle of the portal veirir 

Fio. 1023.—Section of the spleen, showing the termination of the small blood-vessels, 
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The veins are remarkable for their numerous anastomoses, while the arteries hardly 
anastomose at all. , 

The lymphatics are described on page 787. 

The nerves are derived from branches of the right and left semilunar ganglia, and from 
the right pneuniogastric nerve. • 

ISnrface Marking —^Thc spleen is situated under cover of the ribs of the left side, being 
separated from them by the Biaphragm, and above by a small portion o^ the lower margin 
of the left lung and pleora. Its position eorresponds to the ninth, tenth, and eleventh 
ribs. J( 18 placed very obliquely. ‘ It is oblique in two directions, viz. from above down¬ 
wards and outwards, and also from above downwards and forwards’ (Cunningham). 
‘ Its highest and lowest jioints are on a level respectively with the ninth dorsal and first 
lumbar spmos ; its inner end is distant about an inch and a half from the median plane ot 
the body, and its outer end about reaches the mid-axillary line ’ (Quoin). 

Applied Anatomy .—^Injury of the spleen is loss common than that of the liver, on 
account of its protected situation and connections. It may be ruptured by direct or indireot 
violence ; torn by a broken rib; or injured by a punctured or gunshot wound. When 
the organ is enlarged, the chance of rupture is increased. The great risk is heemorrhage, 
owing to the vasoularity of the organ, and the absence of a proper system of capillaries. 
The injury is not, however, necessarily fatal, and this would appear to be due, in a great 
measure, to the contractile power of the capsule, which narrows the wound and prevents 
the escape of blood. In cases where the ^agnosia is clear, and the symptoms indicate 
danger to life, laparotomy must be performed, and if the haemorrhage cannot be stayed by 
ordinary surgical methods, the spleen must be removed. 






The spleec may beocHiie eenxmotttiy enlw^^ ia eertaia diaetiaed <k»iditioiu(,' 8aillh^’:' 
a^e, leuksemia, syphilia, taItsIw (&e^ of the heart, or without any obtainable histcny’ 
of previous disease. It oxtfy als6 beOome enlarged in lymphadenoma, as a part of a general 
blood-disease. In these oases the tumour may fill a oonnderable part of the abdomen and 
extend into the pelvis, and may be mistaken for ovarian or uterine new growth. 

The spleen is sometimes the seat of cystic tumours, especially hydatids, and of abscess. 
These coses require treatment by incision and dr^age; and in abscess great care must 
be taken, if there are no adhesions between the spleen and abdominal wall, to prevent 
the escape of any of the pus into the peritoneal cavity. If possible the operation should 
be performed in two stages. Sarcoma and carcinoma are occasionally found in the spleen, 
but very rarely as a primary disease. 

Extirpation of the spleen has been performed for wounds or injuries, in floating spleen, 
in simple hypertrophy, and in lenktemic enlargement; but in the last condition the opera¬ 
tion is now regarded as unjustifiable, as every case in which it has been performed has 
terminated fatally. The incision is best mode in the left semilunar line; the spleen is 
isolated from its surroundingi^ and the pedicle transfixed and ligatured in two portions, 
before the tumour is turned out of the abdominal cavity, if possible, so as to avoid 
any traction on the pedicle, which may cause tearing of the splenic vein. Care must be 
taken in applying the ligature not to inMude the tail of the pancreas, and in lifting out 
the organ to avoid rupturing the capsule. 

SUPBABBNAI, GlAWDS 

The suprarenal gflands (glandulse suprarenales) aro two small flattened 
bodies of a yellowish colour, situated at the back part of the abdomen, 
behind the peritoneum, and immediately above and in front of the upper end 
of each kidney ; hence their name. The right one is somow'hat tnangular in 
shape, bearing a resemblance to a cocked hat; the left is more semilunar, 
usual]^ larger and placed at a higher level than the right. They vary inasivse 
in difrerent individuals, being sometim<iS so small as to bo scarcely detected ; 
their usual size is from an inch and a <|uarter to nearly two inches in length, 
rather less in width, and from two to tliroo lines in thickness. Tlmir average 
Aveight is from ono to one and a half drachms each. 

Relations.—^The relations of th^^ suprarenal glands differ on the two 
sides of the body. 

The right suprarenal is situated boliind the inferior vena cava and right 
lobe of the liver, and in front of the Diaphragm and upper end of the 

Fig. 1030.—Suprarenal glands viewed from the front. 



right kidney. It is roughly triangular in shape; its base, directed downwards, 
is in contact with the inner and anterior aspects of the upj)er end of the right 
kidney. It presents two surfaces for examination, an anterior and a posterior. 
The anterior surf one looks forwards, and outwards, and has two areas : an 
inner, narrow and non-peritoneal, which lies behind tljp inferior vena cava ; 
and an outer, somewhat triangular, in contact with the fiver. The upper part 
of this surface is devoid of peritoneum, and is in relation with the bare 
area .of the liver near <it8 lower and inner angle, while its inferior portion is 
dovered by peritoneum, reflected on to it from the inferior layer of the coronary 
ligament. A little below €he apex, and near the anterior border of the gland. 
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is a short lurrow tornied the hilus,. from which the suprarenal vein emerges to 
join the inferior vena cava. The posterior surface is divided into upper and 
lower parts by a curbed ridge : the upper, slightly convex, rests upon the 
Diaphragm ; the lower, concave, is in contact with the upper end and the 
adjacent part of the anterior surface of the kidney. , 

The left suprarenal, slightly larger than the right, is crescentic in shape, 
its concavity being adapted to the inner border of the upper part of the left 
kidney. It presents an inner border which is convex, and an outer w'hich is 
concave ; its upper border is narrow’, and its lower rounded. Its anterior 
surface has two areas : an upper one, covered by the peritoneum forming the 
lesser sac, which separates it from the cardiac end of the stomach and some¬ 
times from the superior extremity of the spleen ; and a lower one, wdiich is in 



contact with the pancreas and splenic artery, and is therefore not covered by 
the peritoneum. On the anterior surface, near its low'or end, is a furrow or 
hilus, directed downw'ards and forw'ards, from which the suprarenal vtdn 
emerges. Its posterior surface presents a vertical ridge, which divides it into 
two areas; the outer artia rests on the kidney, tlie inner and smaller, on tlio 
left crus of the Diaphragm. 

The surface of the suprarenal gland is surrounded by areolar tissue 
containing much fat, and closely invested by a thin fibrous capsule, which is 
difficult to remove on account of the numerous fibrous processes and vessels 
entering the organ through the furrows on its anterior surface and base. 

Small accessory, suprarenals are often to be found in the connective tissue 
round the suprarenals. The smaller of these, on section, show a uniform 
surface, but in some of the larger a distinct medulla can be made out. 

Strnctare.—On section, the suprarenal gland is seen to oonstst of two portions: an 
external or cortical, and an internal or lucdullar'y. The ftnmer constitutes the chief part 
of the organ and is of a deep yellow colour; the medollaiy substance is soft, pulpy, and of 
a dark Oi brown colour. ' ., 

The cortical portion consists of a fine connective-tissue network, in wluch is imbedded 
the glandular epithelium. The epithelial cells are polyhedral in shape and possess rounded 
nuclei; many of the cells contain coarse granules, others fat globules. Owing to differences 
ill the arrangement of the cells three distinct zones oan.be .made out; (1) the zona 
gtomendom, situated beneath the capsule, consists of cells arranged in rounded groups, 
with here and there indications of an alveolar structure; the cells of this zone ai-e very 
granular and stain deeply. (2) The zona faaciailata, continuous with the zona glornerulosa, 
is composed of quadrilateral groups of cells arranged in a radial manner; these cells 
contain finer granules and in many instances fat ^obules. (3) Tlie zona reticularia, in 
contact with the medulla, consists of cylindrical masses of cells irregularly arranged; 
these cells often contain pigment granules which give this zone a darker appearance 
than the rest, of the cortex. 

The mediUlary portion is extremely vascular, and is composed of a loose meshwork 
of connective tissue surrounding a large plexus of veins and containing non-striped 
muscular fibres. In adfiitioQ to the veins, multi-nucleated masses of protoplasm are 
scattered throughout the medulla as well as many irregular-shaped cells containing 
pigment. The cell-protopIa*n has an especial affinity for chromic salts, which stain it a 
brown colour. Such cells are therefore termed chromaffin bella. This portion of the 
gland is richly supplied with non-medullated nerve-fibres, and here and there sympathetic 
ganglia are found. 
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Venels and NerTea.--The arteries supplying the suprarenal glands are numerous and 
of comparatively large size; they are derived from the i nferior phrem'o, and 

therenal. They subdivide into minute branches previous to (Entering the'cortical part 
ofThe gland, where they break up into capillaries which end in the venous plexus of the 
medullary portion. 

The suprarenal vein returns the blood from the medullary venous plexus and receives 
several branches from the cortical substance; it emerges from the hilus of the gland 
and on the right side oiusns into the inferior vena cava, on the left into the renal 
vein. 

The lymphatics terminate in the lumbar glands. 

The nerves are exceedingly numerous, and are derived from the solaiuuuli'enal plexuses, 
and, according to Bergmann, from the 
phr^c. ..and piieumogastric nerves. 

They enter the lower and inner part of 
the capsule, traverse the cortex, and 
terminate around the cells of the 
medulla. They have numerous small 
ganglia developed upon them, from 
which circumstance the organ has been 
conjectured to have some function 
in connection with the aympathetic 
nervous system. 

Applied Anatomy .—The suprarenal 
cfjrlex is derived from the coelomic 
epithelium of the Wolffian ridge, and 
is connected with the sexual glands ; 
it h related to giowth and develop¬ 
ment in some way, and is often found 
to be hypertro])hied in patients witli 
chronic kidney disease and high blood- 
pressure. The medulla, on the other 
hand, is neuro-cctodermal in origin, 
and closely connected with the sym- 
j)athetic nervous system. It supplies 
the body with an internal secretion 
called adrenalin, that tends to raise 
the Wood-pressure by stimulating the 
vaso - constricstor fibres of the sym¬ 
pathetic. When the suprarenal medulla 
is destroyed by tuberculosis, to which 
t he glands are prone, or by tlic pressure 
of a new growth, the secretion of 
adrenalin becomes inadequate, and Addison’s disease develops. Patients with Addison's 
disease become pigmented in various parts of the body, possibly from irritation of 
the sympathetic, and complain of great weakness, lack of energy, nausea, and severe 
attacks of vomiting. Th^ir blood-pressure is low. the whole nervous system is depressed, 
and death follows aft^ a period of months or years, usually from asthenia. Tumours 
derived from the suprarenal itself, or from misplaced suprarenal ‘ rests ’ occurring in 
such organs os the ki^ey or liver, may be either benign or malignant, and are claased 
together under the name * hypernephroma.’ In children the malignant hypernephroma 
is often associated with obesityanid precocity. The benign hypernephroma, or suprarenal 
adenoma, ap^iea/Ts to produce no s^ptoms except those due to its slow enlargement. 

The carotid bodies, two in number, are situated one on either side of tlie 
neck, behind fibe common carotid artery at its point of bifurcation into the 
external and internal carotid trunks. They are reddish-brown in colour and 
oval in shape, the long diameter measuring about one-fifth of an inch. Etwdi 
is invested by a fibrous capsule and consists largely of spherical or irregular 
ma.sse8 of cells—the masses being more or less isolated from one another by 
septa which extend inwards from the deep surface of the capsule. The cells 
are polyhedral in shape, and each contains a large nucleus imbedded in finely 
granular protoplasm which is stained yellow by chromic salts. Numerous 
nerve-fibres, derived from the sympathetic plexus on the carotid artery, an* 
distributed throughout the organ, and a net'JPork of la^e capillaries ramifies 
amongst the cells. • 

The coccyg'eal body or gland of Lmchka is plaped in front of, or imme¬ 
diately below, the tip ef the coccyx. It is about the size of a millet-seed and 
is irregularly oval in shape ; several smaller nodules are found around or near 
the main mass. It consists of irregular masses of round or polyhedral cells, 


Tig. 1032.—Section of a i)art of a suprarenal 
gland. (Magnified.) 
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the colls of each mass being grouped around a dilated capillary vessel. Each 
cell contains a large round or oval nucleus, the protoplasm surrounding which 
is clear and is not stained by chromic salts.* 

Besides the ductless glands mentioned, refei'enoe may be made to a pair of small bodies, 
the sortie bodies of Znokerkandl. These are found in the embryo and persist until 
shortly after birth; they lie one on either side of the abdominal aorta close to the origin 
of the superior mesenteric artery. They consist essentially of masses of polygonal or 
cuboidal, chromaffin, cells imbedded in a wide-meshed capillary plexus. 

Consult the following article: * Uber die Menschlichc Steissdriise,’ von J, W. Thomson 
Walker, ArohivfUr mkroskopUrhe Anatmiiin md Bntwieh;lnng»ge»ehicMe, Band G4. 1901. 
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of fourth nerve, 90*i 
of gall-bladder, 117-5 
of gloBSo-pbaryngeol nerve, 
932 

of gluteal artery, 705 
Of haiiiiurrhoidol venous 
plexus, 757 

of hamstring tendons, 575 
of hand, bones of, 320 
of heaft, 613 
of hip-joint, 428 
of humerus, 300 
of hyoid bone, 261 
of hypoglossal nerve, 941 
of iliac fascia, 565 
of inferior ealcaneo-iiavi- 
cular ligament, 447 
vena cava, 759 
of inguinal glands, 777 
hernia, 1159 

of innominate artery, 624 
of intei'costal arteries, 685 
nerves, 969 

of iifternal oapsulo, 888 
carotid arteiy, 645 
car, 1058 



AFFLOD AkATOMY (cOHA) I 
of intemal iliao artery,! 
698 

jugular vein, 734 ! 

mammary artery, 666 
pudio arteiy, 706 ! 

of intervertebral dues, 376 I 
of intestines, 1168 , 

of isohio-rectal fossa, 622 i 
of kidneys, 1190 I 

of knee-joint, 438 I 

of labyrinth, 1058 | 

of lachrymal apparatus, ' 
1034 

of laryngeal nerves, 937 
of laryngo-tracheal region, 
1073 

of larynx, 1073 
of log, bones of, 349 
of lingual artery, 631 | 

of liver, 1174 
of lumbar plexus, 986 
of lungs, 1087 
of lyinphatio system, 764 
of mammary glands, 1234 
of mastoid antrum, 226 
of mediastinum, 1080 
of mcHlulla oblongata, 822 
of nreninges, 899 
of mesenteric arteries, 694 
lymphatic glands, 783 ■ 
of metacarpal bones, 320 
of metatarsal bones, 364 
of metatarsu - phalangeal' 
joint of great toe, 452 
of middle ear. 1046 

moiiingeal artery, 638 
of motor-oculi nerve, 905 
of muscles, 454 
of eyeball, 463 
of lower extremity, 
595 

of soft palate, 486 
of upper extremity, 
560 

of vertebral column, 
500 

of inuseulo-spiral nerve, 
966 

of nasal fossic, 1008 
of ninth nerve, 931 
of nose, 1008 
of msophogus. 1118 
of olfoofory nerve, 901 
of optic nerve, 903 
of ovaries, 1221 
of palate, 1092 

muscles of, 486 
of palmar arches, 682 
fascia, 553 
of pancreas, 1179 
of parametrium, 1229 
of parathyroid glands, 
1238 

of patella, 343 
of pelvis, 331 
of penis, 1216 
of pericardium, 600 
of peritoneal fossas, 1132 
of peroneal or external 
popliteal nerve, 988 
of phalanges of hand, 320 
of foot, 364, ; 

of pharynx, 1116 * I 

of pigment, 36 i 

of plantar arch, 726 j 
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Affltid Aitatomy (coni.) 
ot pleura, 1077 
of pons, 826 
of pneumogastiio nerve, 
937 

of popliteal artery, 717 
lymphatic glands, 777 
of portal system of veins, 
763 

of posterior tibial arteiy, 
723 

of pronator tores muscle,' 
540 

of prostate gland, 1217 
of prostatic venous plexus, 
757 . 

of psoas mognus muscle, 
666 

of pulmonary artery, 619 
v^ns, 727 

of radial artery, 676 
of radius, 308 
of recti muscles of eye, 
463 

of rectus femoris muscle, 
570 

of ribs, 212 

of salivary glands, 1113 
of saphenous veins, 753 
of scalp, 458 
of scapula, 294 
of sciatic arteiy, 706 
nerve (great), 987 
of second nerve, 903 
of Bcrratiis magnus 
muscle, 5:13 
of seventh nerve, 927 
of sheath of jisoas muscle, 
666 

of shoulder-joint, 407 
of sixth nerve, 922 
of skull, 282 
of spermatic veins, 759 
of spinal acc(‘ssory nerve, 
939 

arteries, 6t>0 
cord, 809 
of spleen, 1244 
of splenic art(*ry, 690 
of stemo-clavieular joint, 
401 

of sterno-mastoid muscle, 
475 

of sternum, 212 
of stomach, 1138 
of subclavian artery, (557 
of superior *radio-ulnar 
joint, 413 

thyroid arteiy, 630 
vena cava, 760 
of suprarenal glands, 1247 
of synipathetio nerves, 
1000 

of synovial membrane, 367 
sheaths of tendons of 
wrist, 553 
of tarsal bones, 363 
joints, 449 
of teeth, 1103 
of temporal artery, 636 
of lemporo - mandibular* 
joint, 385 

of tendons of leg and foot, ' 
586 

of tenth nerve, 937 
of testis, 1209 


; AmJXD Anatomy (cant.) 
of third nerve, 905 
of thoracic aorta, 684 
duct, 767 
nerves, 969 
of thorax, 212 
of thymns, 1240 
of thyroid body, 1237 
of tibia, 349 
of tongue, 482 
of tOHE^, 111.5 
of trachea, 1074 
of tracheto - bronobial 
glands, 792 
of triceps, 539 
of trifarial nerve, 918 
of trochlear nerve, 90tj 
of twelfth nerve, 941 
of tyrapanio cavity, 1046 
of ulna, 308 
of ulnar artery, 679 
of ureter, 1193 
of urethra, 1202 
of uterus, 1228 
of vagus, 937 
of veins in front of elbow, 
746 

of vena mediani oubiti, 746 
of V ortebral column, 201 
joints, 382 

of vesici^ 4l^minales, 1212 
of wrist-joint, 417 
Aqufflductus cochloic, «228, 
1051 

Falloxiii, 228 
Sylvii, 844 
vostibuli, 228, 1048 
Aqueous humour, 1024 
Arachnoid membrane, 895 
cistern«!, 896 
villi, 898 

ArantiJ, corpora, 607 
Arbor vitto of cerebellum, 830 
uterinm, 1225 
Arcli, alveolar, 245 
of aorta, 620 

applied anatomy oi, 622 
brunches of, 623 
peculiarities of, 622 
axillary, 490 
crural, deep, 616. 708 
palmar, deep, 676 
siiporticial, G81 
plantar, 725 
jKislcrior carjial, 681 
of pubis, 329 
of a vertebra. 183 
Kygomatic, 266 
Arches, aortic (foetal), 141 
branchial or visceial, 107 
of foot, 4.52 • 

of soft palate, 1091 
Arcuate fibres, anterior ex¬ 
ternal, 821 
internal, 820 
posterior external, 821 
ligaments, 502 
nucleus, 821 

Arcus x>arielo-occi])italiK, 860 
Area acustioa, 837 

anterior, of medulla, 812 
of Biotja, 864 
* buceo-x>haiy«goa!, 687 
cribrosa media, 227 
superior, 227 
embryonic, 86 

4l 2 
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Aroa, extiH-eiubiyonic, 86 
facioliii, 228 
lateral, of medulla, 813 
olfactory, 110 
oval, of Plechsig, 808 
]xiricardial, 87 

' posterior, of medulla, 814 
postreroa, 837 
proamniotio, 87 
vestibularis inferior. 1058 
superior, 1058 
Ar(*as of Oohnbcim, 38 

motor, of cerebral fort ex, 885 
sensory, of cerebml tiovtcx, 
885 

Areola of brcsast, 1233 
Areolae of bone, primary, 32 
secondary, 32 
Areolar tissue, 10 
Arm, inustiles of, 533 
bones of, 280 
fascia of, 533 
lympharic glands of, 772 
lymphatics of, 775 
voiiJSeof. 744 
Arnold’s ncrvi', 935 
Arrectores pilorum, 70 
Artcria centralis retuia;. 648, 
1024 

hyaloidea, 131 
niagna halfdci^. 722 
priiiceps ccrvicis. 034 
Art-evriaj propriae miiales, 1187 
receptaculi, 646 
rectas, 1189 

ArUirial mesoeardium. 61M> 
Aeteeifs, JlinUtlogy of, 55 
anastomoses of, 617 
applied anatomy of. 617 
development of, J41 
distribution of, 617 
mode of divLsiou, 617 
of origin of branehes, 617 
nerves of, 57 
sheaths of, 56 
structnn' of, 55 
subdivision of, 617 , 

systemic, 017 

Aeteeuss ok Aktkkv, Descrip¬ 
tive Anatomy of, 617 
accessory pudic, 701 
acroinio-thomcio, 070 
alar thoracic, 670 
alveolar. 039 
anastomotic branch of 
sciatic, 704 

aiiastomotica niagna, of 
biuchial, 074 
of femoral, 715 
angular, 033 
anterior eeiebral, (>48 
choroidal, 652 
ciliary, 648 
cireumilex, 671 
comiiiunicathig, 648 
dental, 040 
inferior cerebellar, Otii 
intercostal, ti65 
intenial fnintal, t548 
spinal, 000 

tibial, 719 ‘ . 

antero-lateral ganglionic, 6,50 
antero-median ganglionic,* 
648 

aoita, 619 
abdomhial, 685 


Aeteeie? ok Abteey (amt.) 
aorta, arch of, 620 
ascending, 619 
descending, 682 
thoracic, 682 
ap]iendieidar, 692 
articular, of knee, 718 
ascending cervical, 662 
frontal, 651 
parietal, 661 
pharyngeal, 636 
auditory, 661 
auricular, anterior, 636 
deep, 638 
of occipital, 634 
posterior, 635 
right, of heart, 020 
axillary, 667 
azygos, of knee, 718 
basilar, 661 
brachial, 671 * 

bracdiiu-ccphalic, 623 
bioncliial, 684 
buccal, 639 
of bulb, 703 
bulbar, 661 

enseal, of ileo-colic, 692 
calcanean, external, 724 
internal, 724 
carotid, eoininois, 625 
external, 028 
internal, (i43 

carpal, anttrior radial, 677 
posterior radial. 677 
anterior ulnar, 681 
posterior ulnar, 081 
carpal arcli, anterior, 677 
X)osterioi^77, 681 
central, df'Tetina, (i48 
ccivbcllar, anterior inferior, 
661 

posterior mferior. 601 
sujscrior, 661 
cerelsral, 648, <‘>50, (Mil 
of ccnsbral lisetnorrhage. 65] 
ceri ieal, ascending, 062 
prhiceps, 634 
profunda, (i(>5 
suj)erficial, 663 
transverse, 662 
clioioidal, auU-rior, 652 
}ioBterior, 661 
ciliary, 648 
ciri'lc of Willis, 662 
cireumtlex, of arm, 670. (i71 
iliac, deep, 707 
Huporficial, 713 
pxtei-nal, of thigh, 714 
mtemal, of thigh, 714 
coccygeal branch of sciatic, 
704 

cochlear, 1058 
cusliac axis, 688 
colic, left, 693 
middle, 692 
right, 692 

comes nervi ischiadici. 704 
inediani, 681 
phrenici, 663 
common carotid, 625 
iliac, 696 

communicathig, of anterior 
cerebral, 648 
of dorsalis pedis, 722 
of posterior cerebral, 652 
coronary, of heart, 620 


Abteeies OB Abtbby (emt.) 
coronary of lip, 633 
of stomach, 688 
of corpus cavomosum, 703 
cremasteric, 706 
crico-thyroid, 630 
cystic, 690 
deep auricular, 638 
branch of uhiar, 681 
cervical, 665 
eiicumflcx iliac, 707 
epigastric, 706 
external pudic, 713 
palmar arch, 676 
temporal, 639 
dental, anteiior, (i40 
mferior, 639 
ixjsterior, (i39 
descending aorla, <>82 
coronary, 620 
])alatin(‘, 640 
digital, palmar, 681 
plantar, 72<5 
. of uhtar, 681 
dorsal, of ])enis, 703 
dorsales lingua;, 630 
dorsalis hallucLs, 722 
mdicis, 077 
pedis, 721 
]>ollicis, 677 
scapulae, 670 
cpigast)'ie, deep, 70(» 
suix-rficial, 713 
superior, <M>.5 
ethmoidal, 647 
extimial carotid. 628 
eirtmmtlcx, 714 
iliac, 705 
maxillaiy, <>31 
plantar. 725 
pudic, dec]), 713 
anj>eHicial, 713 
facial, 631 
transverse, 636 
femoral, 707 
frontiil, 648 

ganglionic, an ter< >-lat oral, 650 
antero-tnealiaii, <>48 
j)oste«)-lateral, <><'>1 
postero-iiiedian, 661 
(lasseruiu, 646 
gastric, 688 
gastru-duudenal, 689 
gast ro-epiploic, aright, <>90 
left, 690 
gluteal, 704 

hounorrhoidal, mferior, 701 
middle, 699 
sujxjrior, 694 
helicine, f2J4 
hepalin, 688 

hypogastric, in foetus, 614 
ileal of ileo-colic, 692 
ilco-colic, 692 
iliac, common, 696 
external, 705 
internal, 688 
ilio-lumbar, 704 
inferior articular of knee, 718 
corobellar, anterior, 661 
posterior, 601 
dental, 630 
external frontal, 651 
‘ hainlbn'hoidal, 701 
internal frontal, 648 
labia), 633 
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Arteeibs or Artery ( cont .) 
inferior laryngeal, 6tS2 
mesontoric, 693 
panoreaticfl-duodonal, 691 
profunda, 674 
thyroid, 662 
infrahyoid, 629 
infraorbital, 639 
innominate, 623 
intercostal, 684 
anterior, 665 
superior, 665 , 

ink'ilobular, of kidney, 1188 
internal auditory, 661, 1058 
carotid, 643 
iliac, 698 
mainmary, 663 
maxillary, 637 
plantar, 724 
pudic, 701 

inU-rosseous, of foot, 722 
of hand, 677, 678 
ulnar, 680 
iiilcstini tenuis, 691 
lalitnl, inferior, 633 
of labyrinth, 1058j ; 

Lachrymal, 647 I 

Literal nasal, 633; 

sacral, 704 
liiii'ual, 630 
long ciliary, 618 
(lioraeie, 670 
of lower extremity, 707 
lumbar, 605 
magna hollueis. 722 
malar, 617 
malleolar, 721 
mammary, internal, 663 
marginal, 620 
masseteric, 63!) 
mastoid, 635 
maxillary, exti-rnal, 631 
internal, 637 

mediastinaU from aorta, 684 
from internal mammary, 
664 

meningeal, anterior, 646 
niuldle, 638 
from occipital, 634 
fiom pliaryngeal, 036 
small, 639^ 
from vertebral. 660 
mesenterie, inferior, (i93 
sufierio^l 690 
metatarsal, 722 
middle oei'i^bral, (>50 
Inemorrhoidal, 699 
uitemal frontal. 648 
meniugi-al, (i!^ 
sacral. 6!)6 

musoulo-])hi'enic, 665 
mylo-hyoid, 639 
nasal, of ophthalmic, 648 
of nasal septum, inferior, 
633 

na.so-palatme. 640 
nutrient, of femur, 715 
of fibula, 724 
of humerus, 674 
of tibia, 724 
obturator, 700 
oecipital, 634 
(esophageal of inferior, 
thyroid, 662 
of aorta, 684 
ophthalmic, 047 


Arteries or Artery ( eont .) 
ovarian, 695 
palatine, ascending, 632 
descending, 640 
of pharyngeal, 635 
palmar arch, deep, 676 
superficial, 681 
interosseous, 678 
palpebral, 647 

pancreatic, of splenic, 690 ; 

pancrcatico-duodenal, in-, 
ferior, 691 
superior, 090 
pavicto-tcmporal, 652 
perforating, of foot. 726 , 

of hand, 678 

of iiitenml rnaminaiy, 665 
of tbich, 714 : 

pericardiac, 664. 684 
perineal, ^ujierfieial, 701 
transverse, 702 
peroneal, 723 

ant'M-ior, 724 j 

posterior, 724 I 

pharyngeal, ascending. 035 ' 
phrenic, inferior, 695 ; 

8U]>erior, 685 ! 

pituitary. 646 

plantar, 724, 725 | 

pojiliteal, 716 
posterior auricular, 635 
cerebral, 661 
circuintlex. 670 
(.ommunicating, 652 
dental, 639 

inferior eercbillar, 661 
internal frontal, 649 
mcningeof, frpnv vertebral, 
660 

scapular, 663 
'tibial. 722 
prevertebrol, (>35 
princejjs cervicis, 634 
])ollicis, 677 

]>iofiuKla. of arm, inferior, 
674 

superior, 673 
cer\ icis, 665 
femoris, 713 
of ulnar, 081 
pterygoid. 639 
])tcrygo-])alatine, 640 
pudie, deep external, 713 
internal, in female, 703 
in male, 701 
su))ej‘fieial external, 703 
pulmonary, 618 • 

2 >yIoric, 689 
radial, 675 
i-ecurrenl, 677 
cai'pal, 677 
i-adialis mdicis, 678 
ranine, 631 

reciuTent interosseous, 681 
of baud, 678 
radial, 677 
tibial, antenor, 721 
posterior, 721 
idnar, anterior, 679 
posterior, 679 

renal, 694 •. 

inferior, 1187 

sacral, lateral, 704 * 

middle, 696 

scapular, posterior. 603 i 

sciatic, 703 I 
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Arteries or Artery ( cotU .) ‘ 
short ciliary, 648 
sigmoid, 693 
small meningeal, 639 
spermatic, 694 
spheno-palatine, 640 
spinal, anterior. 060 
]) 08 terior, 660 
splenic, 690 
sterna], 664 

skmo-mastoid, 630, 634 
stylo-mastoid, 635 
subclavian, 654 
subcostal, 685 
sublingual, 630 
submaxillary, 633 
submental, 633 
subscapular, 670 
BU{)erficial cervical, 663 
circuTnllcx iliiu;, 713 
ejiigastric, 713 
external pudic, 713 
palmar arch, 681 
jieriiical, 701 
tciU 2 >ural, 636 • 

Bujicrficiolis volse, 677 
superior articular of knee, 
718 

cerebellar, 661 
ejiigastric, 665 
libular. 7gl * 
haunorrboidal, 694 
inientostal, 665 • 

laiyngcal, (>30 
mesenteric, 690 
phrenic, 685 
jirofuuda, 673 
tliuracic, 669 
thyroid, 629 
sujira-oeroinial, 662 
suprahyoid, 630 
supraorbital, 647 
suprarenal. 694 
su^u'asea^mlar, 662 
suprasternal, 66? 
sural, 719 
tarsRl, 722 

temporal, auleriur, 636 
deej), 639 
middle, 636 

of middle cerebral. 652 
jjoslerior, 636 
siiiicrlicial, 636 
thoi’acie. wi’omio-. 670 
alar, 670 
aorta, 682 
long, 670 
superior. 069 
tbyreoidea ima, 024 
thyroid axis, 062 

inferior, 662 ■ 

superior, 629 
tibial, anterior. 719 
posterior, 722 
I'ccurreut, 721 
tonsillar, 033 
transverse cervical, 602 
coronary, 620 
facial, 636 
oj the trunk, 682 
tym 2 >anie, from internal 
carotid, 646 

from internal maxillary, 
638 

ulnar, 078 

recurrent, anterior, 079 
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Abteribs or Artery { oowt .) 
ulnar, recurrent, poetorior, 
679 

umbilical, in fmtuB, 614 
of upper extremity, 664 
uterine, 699 
vaginal, 700 
of vas deferens, 699 
vasa aberrantia, of arm, 672 
brevia, 690 
intestini tenuis, 691 
vertebral, 669 
vesical, inferior, 699 
middle, 699 
superior, 699 
vestibular, 1001 
Vidian, of internal maxillary, 
640 

of ophthalmic, 646 
Arthrodia, 370 

Articular arteries from popli¬ 
teal, 718 
cartilage, 22 
end bulbs, ,60 
lamlhla of hone, 366 
processes of vertebr®, 183 
synovial membranes, 367 
AttTioiTnATiiws, 36(J 
aoroinio-clavicnlar, 401 
ankle, 440 

astragalo-iiavirular, 445 
atlanto-axial, 377 
ca'cancn-astragaloid, 444 
calcanco-cuboid. 44(t 
calcaneo-navicular, 447 
carpal, 416 

oarpo-mctacarpal, 420 
chondro-stcmal, 388 
classificatinn of. 368 
coccygeal, 396 
condyloid, 370 
costo-central, 386 
costo-chondral,. 390 
co.sto-transverse, 380 
costo-vortebraJ, 385 
cuboidco-navicular, 448 
cunoo-cuboid, 448 
cnnco-navicular, 447 
elbow, 409 
hip, 423 
immovable, 368 
intoroentral, 373 
intercunciform, 448 
inter metacarpal, 422 
intermotatarsal, 450 
inlemeural, 375 
interphalangeal, 242, 451 
intertarsal, 444 
knee, 430 
of laiynx, 1063 
Inetacarpo-phalangeal, 422 
metatarso-phalangeal, 451 
mixed, 369 
movable, 369 
movements of, 370 
occipito-atlantal, 380 
occipito-axial, 382 
of pmvis, 393 

with vertebral column, 392 
pubic, 396 , 

radio-oarpal, 415 ' 

radio-idnar, inferior, 414 , 

superior, 413 

by reciprocal receptipn, 370 i 
sacro-ooocygeal, 396 
sacro-iliac, 393 


Artioitlations (oowt.) 
sacro-vcrtebral, 392 
shoulder, 404 
stemo-clavicular, 399 
of sternum, 390 
tarsal, 444 

tarso-metatarsal, 449 
temporo-mandibular, 382 
tibio-fibular, inferior, 440 
middle, 439 
superior, 439 
of trunk, 372 
of vertebral column, 372 
with cranium, 380 
with pelvis, 392 
wrist, 415 

Aryepiglotticns, 1068 
Aiyteno-epiglottic folds, 1066 
Arytenoid cartilages, 1061 
glands, 1069 , 

muscle, 1068 
Ascending aorta, 619 
cervical artery, 0p2 
colon, 1151 
&ont^ artery, 651 
lumbar vein, 759 
palatine artery, 632 
pharyngeal artery, 6.35 

applied anatomy of, 636 
Association fibres of cerebral 
hemispheres, 878 
neurons, 801 
Asterion, 279 

Astragalo - navicular liga¬ 
ment, 445 
Astragalus, 3.63 
ossification of, 362 
Atlanto-axial articulation, 377 
Atlas, 185 . 
development of, 103 
ossification of, 196 
Atrium of bronchi, 1086 
of nasal fossa, 1005 
of tympanic cavity, 1039 
Attic or epitympanio recess, 
226, 1039* 

Attollcns auriculam muscle, 
459 

Attraction particle, or centro- 
some, 4 

sphere, or centrosphere, 4 
Attrahens auriculam muscle, 
469 

Auditory artery, 661 
canal, 1037 

meatus, external, 230, 1037 
devi*lopmcnt of, 134 
lymphatic vessels of, 
769 

relations of, 1038 
internal, 227 
nerve, 927, 1068 

applied anatomy of, 929 i 
nnolei, 825 | 

ossicles, development of, 1341 
process, external, 229 
teeth, of Husuhke, 1055 j 

veins, 1058 
vesicle, 133 

Auerbach’s plexus, 1148 
Auricle of heart, appendix 
of, 080 

principal cavity of, 608 
primitive, 139 
left, 608 

right, 604 I 


Auricle of heart, right, open¬ 
ings in, 604 
sinus venoBus of, 604 
valves in, 604 
> Auricula of ear, 1035 
cartilage of, 1036 
ligaments of, 1036 
muscles of, 1036 
vessels and nerves of, 1036 
Auricular artery, anterior, 636 
deep, 638 
of occipital, 634 
I posterior, 635 
' canal, 139 
fissure. 228 
nerve, anterior, 916 
great, 950 

posterior, from facial, 925 
of vagus, 935 
point, 279 

surface of Uiuni, 322 
of sacrum, 193 
vein, posterior, 731 
Anriciilo-temporal nerve, 916 
Auriculo-ventricular bundle of 
His. 611 

groove of heart, 602 
opening, left, 609 
right. (i06 

Auscultation, triangle of, 492 
Axes of pelvis, 329 
Axial filament of spcrinatozoiin, 
82 

Axilla, 666 

applied anatomy of, 666 
fascia of, 529 
lymphatic glands of, 773 
Axillary arch, 490 
artery, 067 

applied anatomy of, 068 
britnuhes of, 669 
surface marking of, 668 
lymphatic glands, 773 
vein, 747 

applied anatomy of, 747 
Axis, corcbro-spinal, 763 
cocliac, 688 
optica, 1011 
verlcbra, 180 
development of, 104 
ossification of, 196 
thyroid, 662 

Axis-cylinder of nerve-fibre, 45 
process, 44 * 

of Purkinje, 45 
Axon of nerve-oells, 44 
Azygos arteries of vagina, 700 
artery, artioular, 718 
uvulae mij^le, 484 
veins, 760 

Back, muscles of, fifth layer, 
497 

first layer, 489 
fourth layer, 494 
second layer, 492 
third layer, 493 
Baillarger, band of, 873 
inner, 880 
outer, 880 

Balbiani, body of, 79 
Ball-and-socket joint, 370 
Bfnd of BRillRTger, 873 
inner, 880 
outer, 880 
of Bechterew, 881 



Band of Gennari, 880 
of (Haooniini, 8A4 
ilio-tibial, 567 
moderator, 607 
of Vioq d’Azyr, 882 
Bare area of liver, 1123 
Barlbolin, duet of, 1111 
glands of, 1232 
Basal cnlnmn, posterior, 804 
knobs of Engclmann, 14 
lamina, 117 

optic nucleus of M^nert, 861 
plate of decidua, 100 
ridge, or cingulum of tooth, 
i094 

Base of sacrum, 1R3 
of skull, inferior surface, 262 
upper surface, 271 
Basement membranes, 20 
Basi-hyol of hyoid bone, 260 
Basilar artery, 661 
groove, 217 
process. 216 
Basilic vein, 746 
Basion, 270 

Basket cells of cerebellum, 833 
Bauhin. valve of, 1083 
Bochterew, band of, 881 
nu(deus of, 825 
Bell, external respiratory 
nerve of, 955 
Bend of elbow, 672 
Bet'z, giant ecUs of, 881 
Biceps flexor cruris muscle, 677 
flexor cubiti muscle, 537 
Bicipital fascia, 638 
groove, 205 
ridges, 205 
tuberosity, 306 
Bicuspid teeth, 1095 
valve, 609 

Bigelow, Y-shaped ligament of,, 
425 

Bile ducts, 1171, 1172 
structure of, 1171 
Bipolar cells of retina, 1021- 
Bird’s nest of cerebellum, 829 
Biventer ccrvicis muscle, 497 
Biventral lobes, 829 
Blaoukk, 1193 
axjplied anatomy of, 1199 
in child, 1195 ; 

development of, 176 '■ 

distended, 1194 
empty, 1194 ! 

feiiialo, 1196 

interior of, 1198 '' ' 

ligaments of, 1196 
lymphatic vessgls of, 788 j 
structure of, 1197 I 

surface form of, 1198 I 

trigone of, 1198 , 

vessels and nerves of, 1196 
Blandin, glands of, 1106 ' 

Blastodermic vesicle, 86 i 

Blastopore, 86 < 

Bix>oi>, Oentral Composition 
of.l 

circulation of, in adult, 597 
in foetus, 135, 614 
coagulation of, 10 | 

corpuscles, 7 

crystalfl, 11 , , 

development of, 135 
plasma of, 10 
platelets, 9 
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Blood'OoipusoIes,^ origin of, 9, 
135 

Blood-islands, 135 
I Blood-sinuses, maternal, 99 ‘ 

Blood-vessels of brain, 662 
Boohdalek, cornucopia of, 836 
ganglion of, 912 
Bodies, aortic, of Zuckcrkandl, 
1248 

Malpighian, of kidney, 1185 
of spleen, 1242 
Pacchionian, 898 
polar, 80 

Bodyj ano-coccyKCol, 1156 
of Balbiani, 79 
carotid, 1247 
coccygeal, 1247 
of lateral ventricle, 867 
olivary, 813 
of penis* 1214 
perineal, 1165 
of stomach, 1134 
resf.''oMn, 815 

thyroid, 1235 I 

of a ‘ooth, 1093 
of the uterus, 1223 
of a vertebra, 183 I 

vitreous, 1025 
Body-cavity or ccelom, 91 
Body-stalk of mesoderm, 95 
B»)NB, Histology of, 24 
animal constituent of. 29 
articular lamella of, 36ii 
canaliculi of, 2!) 
cancellous tissue of, 24 
cells, 29 

chemical composition of, 
29 

compact tissue of, 24 
develojiment of, 30 
diplot- of, 182 
earthy constituent of, 30 
eminences and depressions | 
of, 182 

Haversian canals of, 27 
systems of, 27 
lacuuse of. 29 
lameUie of, 28 
lymphatics of, 27 
marrow of, 25 
medullaiy canal of, 181 
membrane of, 25 
nerves of, 27 
Qssifleation of, 30 
perforating fibres of, 28 
periosteum of, 25 
vessels of, 20 * 

Bones, classes of, viz. long,' 
flat, mixed or iriegular, 
short, 181 

number of, in the body, 181 
Bones ob Bone, Descriptive' 
Anatomy of, 181 
of arm, 286 
astragalus, 353 
atlas, 185 | 

axis, ] 86 
carpal, 311 
clavicle, 286 
coccyx, 194 

cranial, 214 •' 

cuboid, 364 ^ 

cuneiform, of carpus, 312 
of tarsus, .356 

of ear, 1043 ' 

ethmoid, 238 
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, Bones ob Bone ( cent .) 

I facial. 241 
femur, 332 
fibula, 347 
of foot. 349 
frontal. 220 
of hand. 311 
hnit)orns. 295 
hyoid, 260 
ilium, 320 
incus, 1044 

inferior maxillary. 266 
turbinated, 253 
innominate, 320 
intcrparichd, 217 
ischium, 323 
lachrymal, 247 
of leg, 320 

lesser lachrymal, 248 
malar, 248 
malleus, 1043 
mandible, 255 
maxilla, 242 
maxillary, inferior, 255 
superior. 242 * 

metacari)ai, 315 
metatarsal, 358 
nasal, 241 

of nose, outer, 1002 
navicular, 3.5|J 
uce,ix)ital, £14 
orbicular. 1044 
us calcis, 349 • 

magnum, 314 
palate, 250 
parietal, 218 
patella, 341 
lielvic, 327 

phalanges of foot, 361 
of hand, 318 
pisiform, 313 
|mbis, 324 
radius, 306 
ribs, 206 
sacrum, 191 
scaphoid, 311 
scapula, 288 
semilunar, 312 
sesamoid, 364 
sphenoid, 232 
sphenoidal turbmated, 236 
stapes, 1044 
sternum, 203 
superior maxillary, 242 
tarsal, 349 
temporal, 223 
tibia, 343 
trapezium, 313 
traxreznid, 313 
triquetral, 240 
turbinated, inferior, 25? 

sphenoidal, 236 
ulna, 301 
unciform, 314 
vertebra prominens, 187 
vertebrse, cervical, 184 
lumbar, 190 
thoracic, or dorsal, 187 
vomer, 264 
JVormian, 240 
zygomatio, 248 
Bowman, glands of, 1007 
lamina elastioa anterior of, 
1014 

sarcous elements of, 36 
Bowman’s capsule, 1186 
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Braohia of oorpora quadrU 
gomina, 843 
Brachial artery, 671 

applied anatomy of, 672 
branches of. 673 
peculiarities of, 672 
surface marking of, 672 
plexus, 953 

applied anatomy of, 965 
veins. 747 

Braohialis anticus muscle, 
.538 

Brachio-oephalic veins, 747 
Brnohio-radialis niusole, 545 
Brain, Uixtology of, 47 
development of, 118 
divisions of, 810 
hemispheres of, 854 
lobes of, 8.57 
meninges of. 892 
veins of, 730, 
weight of, 881 
Brain-sqnd. 849 
Breasts, 1232 
devdfOpnioril of, 11,5 
Bregma, 279 

Bregmatic fontanelle, 277 
Briilge of nose, 1002 
Brim of [jelvis, 327 
Broad ligaments of uterus, 
122.5' 

formation of, 1124 
Brocft, area of, 864 
eonvoliilion of, 8.59 
di.agonal liand of, 864 
limbie Iota- of, 862 
Bronchi, Jell, 1070 
changes in slrueture of, 
in lung, 1086 
divi.sii)iis of, 1084 
right, 1070 

Broneliial arteries. 684 
veins, 750 

Broncho-mediastinnI trunk, 
left, 792 
right, 792 

Bruch, membrane of, 10i6 
Brunner's glands, 1146 
Bryant's triangle, 428 
Buccal arteries, (>39 
glamls, 1090 
lymphatic glands, 708 
nerve of facial, 926 

loll", of inferior maxillaiy, 
915 

Buccinator muscle, 4(i7 
Buoco-pharyngeal area, 87 
fascia, 473 

Bulb, or medulla oblongata, 
811 

artery of, 703 

of corpus cavcriiosiim, 1212 
siiongiosuin, 1213 
of internal jugular vein, 
733 

of (Bsophugiis, 1117 
olfactory, 8(i4, .S83 
of the posterior horn. 867 
Bulbar arteries, (>01 

jiortion of Bjiinol accessory 
nerve, 938 

Bulbous portion of urethra, 
I2U1 

Bnlbus cordis, 137 
vostibuli, 1231 
Bulla ethmoidalis, 276, 1004 


[Bundle of Vioq d’Azvr, 860, 
876 

I oval, 117 
Burdach’s tract. 807 
Burns’ space, 473 
Bursa omentalis, 1.58 
pharyngea, 1114 
BursiP of knee, 435 
of (llutcus maximus, 574 
mimosie, 367 
of shoulder, 405 
synovise, 367 

' Bursal S3movial ineiubranes, 
367 


I Oacal arteries, 692 
' Cieoum, 1149 

j lymphatic ve-sscls of, 785 
I OolamuB Bcriptoriut^, 837 
I Calcane.an arteries, external, 
! 724 

internal. 724 
facets, 354 
nerve, internal. 982 
Caloaneo-ast ragaloid ligaments, 
444 

Oalcaiico-ouboid ligaments, 446 
Calcaueo-iiavicular jigaments, 
447 

('aloar avis, 860, 8<i7 
femoralc, 339 
Caloarine fissure, 857 
Oallosal convolution. 863 
fissure, 8(i3 

Ctalloso-niargiiial fissure, 857 
Calyces of kidney, 1183 
(hamper, fascia of, .506 
('analiculi of bone, 29 
Caiialis centralis I'ochleic, 227 
iiyaloidous. 131, 1025 
ivuuiens of Bensen, 1053 
spiralis modioli, 1050 
Canals or (Jan m.— 
acces.s()rv palatine, 2.52 
Ali'ocU’s, .518 
alimentary, 1088 
foi' Arnold’s nerve, 228 
auililory, 1037 
carotid, 228 

cranio-pharyngcal, 15.5, 2.‘17 
crural, 708 
dental anterior, 243 
inferior, 257 
middle. 243 
posterior, 242 
ethmoidal. 222 
Haversian, of boiic!, 27 
of Hiiguier, 224. 1040 
Hunter’s, 710 
infraorbital. 243 
inguinal or spermatic, 1204 
for .lacubsun’s nerve, 228 
laclu'ym.ol, 1032 
nialar, 248 
neural. 89 
neoreiitcric, 89 
of Xuok, 17.5, 1225 
palatine, accessory, 252 
anterior, 246 
< j)OBt.erior, 244, 251 
^ of t*ctit, 1(125 
‘ ptciygo-palatiiic. 236 
of Schlemm, 1014 
semicircular, lioiiy, 1048 
membranous, 1053 


Canals or Canal (ctwt.) 
spermatic, 1204 
of spinal oord, 800 “ 
spiral of modiolus, 1050 
for tensor tymy)ani muscle, 
229, 1042 
vertebral, 200 
Vidian, 236 
of Wirsung, 1178 
Cancellous tissue of bone, 24 
Canine eminence, 242 
fossa, 242 
teeth, 1094 

Canthi of eyelids, 1029 
Cap of Broca, 869 
Capillaries, 57 
structure of, 68 
Oapitellum of humerus, 298 
Capsula adipusa of kidney, 1183 
extrema of brain, 873 
Capsule of Bowman, 1185 
of brain, external, 874 
internal, 873 
fibrous of kidney, 1183 
of tflisson, 1108 
of lens, 1026 
of Tenon, 1010 
Caput eiecuin coli, 1149 
gallinagiiiis, 1200 
Cardiac cycle. 612 
ganglion of VVrisberg, 990 
glands of stomach, 1138 
lymphatics. 792 
muscular tissue, 41 
nerves from pueuiuogastrie, 
93(i 

fromsvmpatlietir'. 992 993 
oritice ot stomach, 1133 
plexuses of nerves, 996 
veins. 728 

Cardin.il veins, fmtal, 14() ’ 
CarotUio-eliiioiil foramen, 235 
ligament, 237 

Carotico-tymjianic nerve, 990 
Carotid aix>h, 142 
artery, common, (>25 

applied anatomy of, 
627 

branches of (oeeasional), 
627 

jK-fuIiarities of, 626 
surioce marking of, 627 
external, *>28 
applied aiiaV>my of, 029 
branches of, 629 
surface marking of, 629 
internal, 643 
applied anatomy, 645 
bra lushes of, 646 
))(‘culiarities of, 645 
body, 020, 1247 
canal, 228 
ganglion, 990 
groove, 233 

nerves from gJosso-phnryn- 
geal, 932 
{ilcxus, 990 
triangle, inferior, (441 
superior, 641 
tubercle, J85 
Carpal aich. anterior, (>77 
posterior, 681 
^tcricswfrom radial, 077 
from uLiar. 681 
bones, 31J 
ligaments, 417 
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Garpo • metacarpal articula¬ 
tions, 420 
Carpus, 311 

applied anatomy of, 320 
articulations of, 417 
ossification of, 319 
surface form of, 319 
CAUTinAOK, Ilistohgy of, 21 
articular, 22 
cellular, 21 
costal, 22 
cricoid, 1061 
of car, 1036 
onsiform, 204 
of epiglottis, 10C2 
epiphysial, 31 
ctlimo-VO merino, 2,'>5 
hyaline, 21 
iiitruthyroid, 1060 
of Jacobson, 1005 
permanent, 21 
of the ]iinna, 1036 
of sepifUiii of nose, 1003 
temporary, 21 
thyroid, lO.")!) 
white hbro-, 23 
xi|)hoid, 204 
yellow elastic, 24 
Cartilage cells, 22 
lacuna!, 22 

Cartilages, arytenoid, 1061 
of bronchi, 108f» 
costal, 2J1 
euneil'oi'iu, 1001 
of larynx, 11)69 
Meckel’s, 108, 258 
of the nose, 1002 
parachordal, 106 
of Santorini, 1061 
seinlinnar of knee, 431 
of trachea, 1072 
of W'rishcrg, 1061 
Oiirlilagincs alarea minores, 
1003 

Cartilaginous ear capsule, 106 
verf<'bral coluinn. 103 
Cartilage tritioea, 1063 
Cirunoula lacrinialis, 1031 
Cariinculo! hyineneales, 1231 
CiUida (iquina, 7!)7 
)i(!lieis, 1036 

Caudal fohl of embryo, 92 
(.laudato nucleus, 871 
Cava, inferiof. 758 
peculiarities, 759 
superior, 748 

Cavernous nerves of penis, 1000 
plexus. 990 
sinuses, 740 , 

ajipJied anatomy of, 741 
nerves in. 921 
Cavity, auiniotic, 93 
body, or coelom. 91 
eotyloid, 325 
glenoid, 292 
ot larynx, 1065 
of pelvis, 328 
]ieritoneal. 1122 
sigmoid,-of radius, 307 
greater, of ulna. 304 
lesser, of ulna, 304 
of thorax, 598 
tymx>anie, 1039 • , 

of uterus, 1224 
Cavum concha', 1035 
Mectkelii, 9(Ki 


Cavum oris proprium, 1089 
septi pcllucidi, 877 
Cell, animal, 3 . 

dehiiition of. 3 I 

division of. direct, 7 1 

indirect, 4 i 

nucleus of, 4 • 

reproduction of, 4 ' 

structure of, 3 | 

Ctell-mass, inner, of ovum, 85 ; 

intonnediato, 90 i 

CeU-wall, 7 1 

Colls of bone, 29 I 

oontro-acinar, of Langerhans, 
1179 

chalice, 13 

chromaffin, 1246 ^ 

of Claudius, 1057 

of Dpitois, 1056 I 

of Dogiel, 942 

enamel, 1 ft) 1 

ethiuoidal. 239 

fat, 17 

germinal, 115 I 

giant, 26 

of Betz. 881 ! 

goblet, 13 I 

of Golgi, 881 I 

gustatory, 1001 ! 

of Alartinbtti, 881 ; 

mastoid, 226 i 

nerve, 44 

nerve-epithelium, 52 
olfactory, 1007 
prickle, 15 
of Purkinje, 833 
of Sertoli, 1208 
of spinal ganglia, 912 
splenic, 1242 

supporting, of Tlcnsen, 1057 
wamlering, 16 
Cellular cartilage, 21 
Cement, intercellular, 4 
of teeth, 1098 

formation ot, 1102 
Central canal of cord. 800 
ganglionic system of arteries, 
653 

grey inaiter of aqueduct of 
Sylvius, 844 
ligament ot cord, 899 
tendinous jjoiut of peiiineum, 
524 


Cerebellar arteries, anterior 
inferior, 661 
posterior inferior, -601 
superior. 661 
direct tract, 800 
. notches, 826 
veins, 737 

CJerebello-olivary tract, 820 
Cebkbelltjm, 825 
applied anatomy of, 834 
development of. 120 . 

librfE propria' of, 832 
Ereat horizontal lissu'-e of, 
^820 

grey matter of, 832 
hemispheres of, 826 
lamiiix of, 832 
lobes of, 82.5 
nucleus dentatiis. 834 
peduncles of. 830, 831 
structure of, 830 
under sui'facio of, 827 
upper surface of. 826 
vermis of, 826 
weight of, 834 • 

white matter of, 830 
Cerebral arteries, anterior, 048 
iniddie, 6.50 
posterior, 661 
cortex, nerve-eells of, 881 
nerve-fibrjs tff, 881 
special ty|ies of, 882 
stcueturo of. 880 ^ 

heinisplieres, 854 

assiKiiation libres of, 878 
lioixlei's of, 8.55 
commissural libri-s of, 878 
convolutions, 856 
development of, 124 
fissures of, 856 
grey matter of, 879 
gv’ri of, 856 
interior of, 805 
lobes of, 857 
localisation of, 88.5 
])olcs of. 856 
jnyjeetion libres of. 878 
structure of, 878 
sulci of. 856 
surfaces of, 85,5 
1ransver.se (ibres of, 878 
white matter of, 878 
tojMigrapliy, 885 


tendon of diapliragm, .503 
Centre. lii''hei’ visual, 852 
of ossification, 31 
Centres of os.si(icatian, number 
of, 33 

lower visual, 852 
Centrifugal nerve-librc-'S, 49 
Centripetal nerve-fibres, 49 
Centro-aeinar cells of Lauger- 
iians. 1179 
Ccntrosonie, 4 

bodies oi epei'uiatozoon, 82 
of ovum, 79 
Ccntrospherc, 4 
Centrum ovale majus, 805 
minus, 865 
of vertebra, 183 
Cephalic Hexurc of embryouie 
brain, 119 
fold of embryo, 92 
vein, 746 

accessory, 746 

'Ceralo-hyol of hyoid bone, 261 


veins, 730, 737 
ventricles, 834, 852, 867 
vesicles, 118 

Corebro-olivavy tract, 820 
Cereliro-sjiinal fluid, 897 
Ceruminous gland.s, 1638 
Cervical artery, ascending, 602 
.siij)erfieial, 663 • 

transverse, 662 
enlargement ol spinal cord, 
798 

fascia, 471 

ganglion, iideiior, 993 
middle, 992 
suijcrioi'. 990 

lymphatic gland.s, anterior, 
772 

t deep, 772 

applied anatomy of, 772 
• nerve, superficial or trans¬ 
verse. 9.50 
of facia). 927 
nerves. 945 
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Cervical nerves, anterior duri- | 
sions of, 949 
posterior divisions of, 945 
cardiac, 936 
plexus, 949 
deep branches of, 953 
posterior, 946 

superficial branches of, 950 > 
rib, 187 , 

applied anatomy of, 210 
vertebrsc, 184 

Oervicalis ascendens muscle, i 


Circular fijiHiB, 742 
Circulation of blood in adult, 
597 

in foetus, 614 
Circnlus major of iris, 648 
minor, 648 
tonsillaris, 932 
vunosus of mamma, 1234 
Oirciimctecal fossae. 1131 
Circumduction. 370 
drcumferentiol iibro-cartUage, 
24 


496 

Oervicis princeps artery, 634 
profunda artery, 665 
Cervioo-cepholio Mrtion of 
sympathetic oor% 990 
Oervico-facial nerve, 926 i 
Cervix uteri, 1224 
Chalice colls, 13 
Chambers of the eye, 1017 
CiiaBsai<;nac’s tuborclo, 184 
Check ligaments, 382 
of eye, 1011 

Chcelii„, structure of, 1090 
Chest, applied anatomy of, 212 
surface form of, 211 
Chiasma, or optic commissure, 
901 

Choanie, 277, 1004 '' 
Cholesteriii, ^ 

Chondrin, 24 
Ch^udro-cranium, 105 
Choiulro-glossua muscle, 480 
Cliondro-Huicoid, 24 
Ctiondro-sternal ligaments, 388 
Chondro-xiphoid ligament, 390 
Chorda tympani nerve, 925 
Cliordce tendinete, of left ven¬ 
tricle, 608 ^ 

of right ventricle, 606 
Willisii, 738 
Chordal furrow, 89 

portion of base of skuU, 106 
Chorion, 97 
froudosiim, 97 
Itevc, 97 , 

Ohorionic villi, 97 
Choroid, 1014 
development of, 133 
plexus of fourth ventricle, 
836 

of lateral ventricle, 877 
of third ventricle, 852 
vein of brain, 737 
Choroidal arteries, anterior, 652 i 
posterior, 661 
fissure, 129, 877 
Chromailin cells, 1246 
Chromatin, 4 
Ckromatolysis, 45 
(Jhromoplasm, 4 
Chromosomes, 6 
Chyle, 12, 763 
Chyliferous vessels, 763 
Cilia, or (iyelashes. 1029 
Ciliary arteries, 648 
body, 1016 
muscle, 1016 
nerves, long, 910 ^ 

short, 911 > 

processes of eye, 1016 
Ciliated epithelium, 13 * 

Cingulum, 863, 879 
of teeth, 1094 
Circle of Willis, 652 


Circumflex arteiy of arm, 
anterior, 671 
posterior, 672 

arteiy of thigh, external, 714 
internal, 714 
. iliac arteiy, deep, 707 
superficial, 713 
vein, deep^ 755 
superficial, 752 
nerve, 966 

Cireumpatellar anastomosis. 
719 

Gisterna basalis, 896 

magno, 806 j 

pontis, 896 ! 

Cistern !c of arachnoid, 896 
Clarke’s column. 803 ' 

Classification of joints, 368 
Claudius, colls of, 10.57 
Claustrum, 873 

Clava of fasciculus gracilis, 814 
Clavicle, 286 

I applied anatomy of, 289 
ossification of, 288 
peculiarities in sexes, 288 
structure of, 288 
surface form of, 288 
, Clavi-pectoraf fascia, 667 
' Cleft palate, 285 
. Clefts, visceral, 107 
■ Clinging fibres of cerebellum, 
833 

Clinoid processes, anterior, 235 
middle, 232 
posterior, 232 
Clitoridis. prspuiium, 1231 
Clitoris, 1231 
frenulum of, 1231 
muscles of, 627 
Clivus, 233 

monticuli of cerebellum, 827 
doaca, ectodermal, 161 
ontodermal, 161 
Cloacal membrane, 161 
Cloquet,!^mphatic gland of,776 
Clot, 10 

Coagulation of blood, 10 
Coccygeal artery, 704 
body, 1247 

nerve, anterior primary divi¬ 
sions of, 978 

posterior primary divisions 
of, 949 
plexus, 986 
Cocoygeus muscle, 521 
Coccyx, 194 
ossification of, 108 
Cochlea, 1049 
aqueduct of, 228 
canalis spiralis of, 1050 
cupula of, 1049 
hamulus laminae spiralis of, 
1051 

helicotrema, 1051 


Cochlea, lamina spiralis of, 
1061 

lamina spiralis secundaria, 
1061 

membranous canal of, 1063 
modiolus of, 1049 
nerves of, 1058 
Bcalae of, 1051 
veins of, 1068 
Cochlear artery, 1068 
nerve, 928, 1058 
Cochlear nuclei, 825 
root of eighth nerve, 928 
Cochleariform process, 229-, 
1041 

Cceliac axis, 688 
plexus, 999 
Ccelom, 91 

Cog-tooth of malleus, 1043 
Cohtrheitn, areas of, 38 
Colic, left, 693 
middle, 692 
right, 692 

Colic arteries of ilco-colic, 692 
Collateral circulation. See 
Applied Anatomy of each 
artery 

eminence, 871 
fissure, 857 

intercostal arteiy, 685 
OoUectiiig tubes of kidney, 
1186 

Colles, fascia of, 506, 623 
Colliculus nervi optiei, 1020 
Colon, 1151 
ascending, 1151 
descending. 1152 
he]>atic flexure, 1151 
iliac, 1153 

lymphatic vessels of, 785 
pelvic, 1153 
splenic flexure of, 1153 
Colostrum corpuscles, 1233 
Coloured lines of Retzius, 1018 
Coloured or red corpuscles, 7 
Colourless corpuscles, 8 
Column, vertebral, 182, 198 
Colnmna nasi, 1002 
Columiia; carnca? of left ven¬ 
tricle, 609 

of right, ventricle, 607 
Columnar epitlieliuin, 13 
Columns of external abdominal 
ring, 508 ‘ 

of Morgagni, 115(! 
of Sfiinal qprd, 798 
of vagina, 1229 
Comes nervi ischiadici, 704 
nervi mqdiani, 681 
nervi phrenici, 063 
Comma tract, descending, 801 
Commissural fibres of brain, 
878 

Commissure of brain, anterior, 
127, 876 

middle or soft, 122 
posterior, 123 
sujmrior, 849 
of Gudden, 901 
of labia majora, anterior, 
1231 

posterior, 1231 
, optic, tSSl, 901 
of prostate, anterior, 1216 
of spinal cord, grey, 800 
white, 800 
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Common bile duct, 1173 
lymphatics of, 787 
carotid artery, 025 
iliac artery, 096 
glands, 780 
veins, 768 

ligaments of vertebree, 373 
Gommunioans peronei nerve, 
984 

tibialis nerve, 981 
Gommunicantes hypoglossi' 
nerve, 952 

Communicating artery of brain, 
anterior, 648 i 

posterior, 652 i 

from dorsalis pedis, 722 ! 

Compact tissue of bone, 24 | 

Comparison of bones of handi 
and foot, 362 i 

Complexus muscle, 497 | 

Compressor naris muscle, 464 | 
narium minor muscle, 464 | 

urethrie muscle, 526 
in female, 528 
Concha, 1035 
oavum concha;, 1035 
cy mba concha:, 1036 
Condylar process of mandible, 
257 

Condyles of femur, 337 
mandible, 257 

Condyloid aiticulations, 370 
foramina, 216 
fossa, 216 

Cone of attraction of ovum, 83 
Cono-bipolars of retma, 1021 
Cunc-granulcs of rutina, 1022 
Cones of retina, 1023 
Confluence of the sinuses, 740 
Cungoiiital fissures in cianium, 
240 

bernia, 1160 
Coni vasculosi, 1209 
Conjoined tendon of internal 
oblique and transversalis 
muscles, 512 
Conjunctiva, 1031 
Coimooting fibro-cartilages, 24 
Connective tissues, 15 
development of, 21 
lymphatics of, 21 
nerves of, 21 
vessels of, 21 

Connective-tfissue corpuscles, 
15 

(^imcctive tisst^ of kidney, 
1189 

extra-peritoneal, 616 
Conoid ligament, ^2 
tubercle, 287 

Constnetor muscle, inferior, 
482 

isthmi faucinm muscle, 479 
muscle, middle, 483 
superior, 483 

urethrae muscle, in female, 
628 

in male, 526 

Contractile fibre-cells, 41 
Conus arteriosus, 606 
meduUaris, 795 

Convoluted tubes of kidney, 
1186 

tubular glaud, 75 
Convolution of Broca, 869 
Convolutions, angular, 860 


Convolutions, asoo^dihg frontal 
or precentral, 858 
parietal or postcentral, 
860 


callosal, 803 

of cerebrum, topography of, 
885 

onneuB, 860 
dentate, 864 
frontal, 858 
of Heschl. 861 
hippocampal, 863 
intmor parietal, 860 
ma^inal, 859 
occipital, 861 

oooipito-temporal, 861, 862 
orbital, 859 J 

parietal, 860 
postcentral, 860 
postpariet^, 860 
precentral, 858 
precuneus, 860 
quadrate, 860 i 

superior parietal, 860 ; 

Buprainrirginal, 860 I 

temporal, 861 I 

Cooper, ligament of, 510 I 

Coraco-acromial ligament, 403 
Ooraco-brachialis muscle, 637 
Coraco-clavioular ligament, 402 
Coraco-humcral ligament, 404 
Coracoid process, 293 
Cord, spermatic, 1205 
spiniu, 795 
umbilical, 95 
Corium of mucous membrane, i 
74 

of skin, 66 
Cornea, 1012 

Corneal corpuscles. 1014 I 

spaces, 1014 
Cornicnla laryiigis, 1061 
Cornua of tlie coccyx, 195 j 

of the hyoid bone, 261 
of the lateral ventricles, 867 
of the sacrum, 192 
of the spinal cord, 799 
of the thyroid cartilage, 1060 
Comu Aminonis, 870 
Cornu-commissural tract, 807 
Cornucopia of Bochdalek, 836 
Coimia glandis. 1213 
radiata of brain, 874 
of ovum, 79 
Coronal suture, 219 
Coronary arteries of heart, 620 
peculia^ities^)f. 620 
of lip, 633 

artery of stomach, 688 
ligament of liver, 1123 
ligaments of knee, 434 
j lymphatic glands, 78J 
plexuses, 997 
sums, 728 
opening of, 604 
vein of stomach, 762 
i veins of heart, 728 
I Coronoid fossa. 298 

process of mandible, 257 
of ulna, 301 
Corpora Arantii, 607 
‘ cavernosa olitoridis, 1231 
{ penis, 1212 
1 bulbs of, 1212 

!, crura of, 1212 

geniculata, 848 


Corpora maniiUaria. 860 
quadrigemina, 843 
braohia of, 843 
struoture of, 843 
Corpus caUosum, 865 
development of, 127 
genu of, 866 
rostrum of. 860 
splenium of, 866 
cavemosum, artery of, 703 
Highmori, 1207 
spongiosum, 1213 
striatum, 124, 871 
vein of, 737 
snbthalamicum, 8.50 
trapeKoidcuni, 824 
Cbrxmscletlfcoloured, 7 
> colourless, 7 
development of, 135 
origin of, 9 
colostrum, 12.33 
connective-tissue. 15 
genital, 50 
of Herbsi, 51 
Pacinian, 61 • 

tactile, 50 
of Vater, 51« -• 

Corrugator entis (hi muscle, 
622 , 

superomi muscle, 460 
Cortex of cor(4><-‘l(^n>, 832 
, of cerebrum, 880 

of kidney, 1184 • 

i of suprarenal glands, 1246 
, Curti, ganglion of, 10.50 
organ of, 10.55 
rods of, 1056 
tunnel of, 10.56 
Cortical arches, 1184 
arterjlJ sysUMii of brain, 654 
columns, 1184 
visual centre, 882 
Corlieo-pontinc fibres of crusta, 
i»0 

Cortico-striatc fibre-;, 873 
Costal cartilages, 22, 211 
artiwilation with ribs, 390 
process, 184 

Costo-central articulation, 386 
Cf)8to-chondral articulation, 
390 

Costo-clavicnlar ligament. 400 
Oosto-coracoid ligament, 531 
membrane, 530 
Costo-mcdiastinal sinus, 1077 
Costo-tiunsverse articulations, 
386 

Costo-vertebral aiticalations, 
385 

Cotyloid cavity, 325 
ligament, 425 • 

notch, 326 

Coverings of direct inguinal 
hernia, 1161 
of femoral hernia, 1161 
of oblique inguinal hernia, 
1169 

of testes, 1203 
Cowper’s glands, 1218 
Crai^al bones, 214 
> fossa;, 271 
nerves, 899 

* development of, 127 
eighth pair, 927 
eleventh, 937 
fifth, 906 
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Cranial nervea, flrat, 900 
fourth, 905 
ninth, 930 
SBOoiid, 901 
seventh, 922 
sixth, 020 
tenth, 933 
third, 903 
twelfth, 939 
tVaniology, 278 
Cranio-pharyngeal canal, 115, 
237 

Cranium, 213 
bones of, 214 
cong(Miital fissures in, 240 
development of, 105 
Cremaster muscle, 511 
Cremasteric artery, 70(1 
fascia, 512 

Crescentic lobe, anterior, 827 
post<>rior, 827 

Crescents of Cianuzzi, 1112 
Crest, frontal, 221 
of ilium, 323 
inqj-.'or, 240 
iwfrateinjioral, 234 
lachrymal, 248 
nasal, 24(1 
of n^^ )>oiie, 242 
neural, 89 
obturator,u323 
occipital, 215* 

^internal, 21(1 
pubis, 325 

of spine uf.scapdla, 291 
supramastoid, 223 
of tibia, 314 

turl)inaled, of maxilla, 244, 
245 

of palate, 251 
(fri i)riform fascia, -J5(i( 1 
]>late of ethmoid, 238 
(h'ico-arylXMioid ligament, pos¬ 
terior, 10(14 

Crico-arytonoideus lateralis 
muscle, 1008 
posticus muscle, 1008 
Crico-thyroid artery, oilO 
luomhrane, 10(54 
muscle, 1007 

Crieo-trache.vl ligament, 1004 
Cricoid cartilage, 1001 
Crista l>abilaris, 1054 
falciformis, 227 
gain, 238 
lacrimalis, 24.5 
sphenoidalis, 233 
terminalis of ITis, 138, 604 
vestihuli, 1048 

Crossed commissural fibres, 801 
vpyramidal tract, 805 
(U-own of a tooth, 1093 
Ci'ucial anastomosis, 704, 714 
ligaments of knee, 432 
ridge of occijhtal, 215 
(yi’ucijform ligaiiK'nl, 378 
Crura cerebri, 838 
struetui'c ot, 83!! 
of clitoris, 1231 
of corpora cavernosa, 1212 
of diaphragm, 502 * 

foraicis, 875 

(if penis, 1212 • 

of stapes, 1044 . 

Crural arch, deep, 516; 708 
canal, 708 
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Crural-nerve, anterior, 974 1 

ring, 708 I 

septum, 708 
Crureus muscle, 569 
Crus commune of semicircular' 
canals, 1049 
hi'licis, 1035 
laterale, 1003 

medialc, 1003 I 

penis, 1212 

superior and inferior, of 

transverse ligamciit, 378 
Crusta or pcs, 8,39 
petrosa of teeth, 1098 
Crypts of Lieberkhhn, 1146' 
Crystalline lens, 1025 

development of, 129 I 

Crystals, bloiid, 11 I 

Cuboid bomi, 355 ! 

Cuboideo-navicular 'articula¬ 
tion, 448 

Culmcn montiouli of cere-1 

bellum, 827 i 

Cuneatc fasciculus, 807 | 

nucleus, 814 
tubercle, 814 

Cuneiform bone, external, of 
foot, 358 I 

internal, of foot, 3.56 
middle, of foot, 357 
of hand, 312 
cartilages, 1061*'., 
Cuneo-oubbitf ariiculation, 448 
Cuneo-navicular articulation, 
447 

Cuneus, 8(50 
Cu]>ula of eoehlca, 1051 
Curvatures of stoinatjh, 11,33 , 
Curved lines of ilium, 320, 321 
of occipital, 214 
Curves of the vortcbiol column, 
198 

Cushion of epiglottis, 1062 
of Eustachian tube, 1114 
Cusps of bicuspid valve, 609 
of tricuspid valve, (506 
(Jutaneous nerve of thigh, 
external, 973 
internal, 975 
middle, 975 
Gutifle of skin, 64 
Cuticula dentis. 1101 
Cutis plate, 102 
vera, 66 

Cuvier, ducts of, 14(5 
Oyclc^ cardiac, (512 
Cylindrical-epithelium, 13 
Cymba cunchn;, 1035 
Cystic artery, 690 ; 

duct, 1172 

jdexus of nerves, 999 
vein, 763 
Cytoblast, 86 
Cytoplasm, 3 


Jlacryon, 279 

i).ingerous area of eyeball, 1028 
Uartos, 1204 

JJarwin, tubercle of, 1035 
DaugliUir chromosonx-s, 5 
skeins, 5 
D<scidun, 97 
basalis, 99 
capsularis, 98 
^ilaccntalls. 99 


I>ecidua vera, 99 
Decidual ocUs, 98 
Decussation of fillet, 817 
of optic nerves, 901 
of pyramids, 813 
Deep abdominal ring, 51(5 
aurioular artery, 638 
cervical lymphatic glands, 
772 

oiutal arch, 516 
epigastric artery, 706 
vein, 755 

' external pudio artery, 713 
palmar arch, 676 
fascia, 552 
temporal artery, 639 
nerves, 915 

transverse fascia of leg, 583 
Degeneration, VVallcrian, 46, 
804 

Deglutition, 486 
Deiters, cells of, 1056 
nucleus of, 825 
Delimitation of embryo, 91 
Deltoid ligament, 441 
muscle, .5,34 
tubercle, 287 
tubcrosii.y. 298 

Dcmiluui's of Heidenhain. 1112 
Demours, membrane of, 1014 
Dendrites), 794 
Dcmlroiis of nerve-cells, 45 
Dens sapientinj. 1096 
Dental artery, anleiiui', (540 
inferior, 639 
posterior, ti.39 
canal, anterior, 243 
inferior, 257 
middh', 24.3 
}>arierior, 242 
furrow, ll(io 
germ, common, 1099 
special, 1100 
lamina, 1099 
nerves, inferior. 917 
superior, 912 
pulp, 1(J9(5 
sives, 1101 

Dentate gyrus, 8t)4 
fissure, K(i3 

Dimtinal tubules, 1097 
fibres, 1097 

sheath of Ncumauu, 1097 
Dentine, 1097 ‘ 

formation of, 1101 
secondary^l()fi9 
Depi-essions^for I’acuhionian 
bodies, 218, 221 
Depressor nasi muscle, 464 
augoli ons musede, 460 
labii inferioris muscle, 4(5(5 
Dermal bones, 107 
Derinatoma, 102 
Dermic coat of hair follicle, 69 
Jb'rniis, or true skin, (5(5 
Desceuict, membrane of, 1014 
Desccndens hy|)oglossi nerve, 
940 

Descending aorta, (582 
cercbello-spinal tract, 805 
colon, 1153 
couima tract, 808 
cornu lateral ventricle, 868 
'palatine ai'tery, (540 
Descent of testis, 173 
' Detrusor uritioj muscle, 1197 




Deutoplasm, 79 

Development of adipose «. 
tissue, 18 

aliinentai^ canal and its 
appendages, ir>() 
arteries, 141 
atlas, 103 
axis, 104 
bone, 30 
brain, 118 

conneclivc tissue, 21 
cranial nerves, 127 
cranium, 105 
Diaphragm, 107 
car, 133 
ethmoid, 107 

external organs of genera¬ 
tion, 175 
eye, 128 
face, 110 
frontal boiu-, 107 
generative organs, 107 
glands of skin, 114 
110.114;. 137 
hyoid bone, 108 
joints. 114 
kiilnev, 174 
limbsl 113 
liver. 104 
lyin|)hatics, 140 
iiiainitiic. 115 
iiiouth, 151 
imis<-lc libres, 42 
iinisclcs. 114 
nerve cells and libres. 47 
lien oils syslein, 115 
nose, 110 
ovaries. 172 
palate, 111 
pancnias. 105 
parictes, 102 
jierieardium, 150 
peiTuaiiont teeth, 1102 
pharynx, 155 
jiituitary body, 155 
pleuia?. Mi7 
jirostate, 175 
respiratory organs, KiC 
ribs. 104 

salivary glands. 153 
sense organs, 115 
skeleton. 102 
skill. 114 
skull, 105 • 
sjiinal cold, 115 
spleen, lOti 
sternum, 104 • 
suprarenal glands, 100 
temporaiy teeth, lOOO 
testis, 173 • 

thymus gland, 154 
thyroid body, 1.54 
tongue, 153 
tonsils. 154 
urethra, 175 
nrinary bladder, 175 
organs, 107 
vascular system, 135 
veins. 145 

vertebral column, 102 
visceral arches, 107 
vomer, 112 

Diagonal band of Broca, 864 

Diapliragm, 601 * * 

development of, 107 
lymphatics, vessels of, 790 
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Diaphragm, pelvic. 617 
trefoil tendon of, 603 
Diaphragma sdleb, 894 
urogenitalc, 625 
Diaphragmatic lymphatic 
glands, 790 
Diaphysis, 33 
Diarthrosis, 309 
Diaster, 5 

Dienccphalon, 122, 844 
Digastric fossa, 225 
muscle, 477 
nerve, from facial, 925 
triangle, 642 

Digestion, organs of, 1088 
Digital arteries from palmar 
aixih, 681 

of anterior ttbial, 984 
of external I ilantar, 984 
of internal plantar, 983 
fossa of cpTdulymis, 1206 
fossa of femur, 334 
nerves of museido-cutaneous. 
985 

of median, 902 
of radial. 905 
of nlnnr, 903 
sheatlis of fingers, 552 
of toes, 589 
veins of hand, 745 
Dilatator naiis anterior, 404 
posteiipr, 404 
pupill«e muscle,vlOlS 
tub.e, 1043 
Diploi-, 182 
veins of. 735 

Direct eeri'bellar tiact of eoid, 
800 

inguinal hernia, 1101 
course of, 1101 
coverings of, 1101 
I pyramidal tract, 804 
Discharge of ovum, 1221 
Diso, interpubie, 397 
Discs, intei vertebral, 374 
' Discus proligerus, 1220 
Dispirem or daiighti'r skein,'', 

, 5 

Distal t involuted tubule, 1186 
Divertieiiluni, Meckel's, 93, 
1J43 

I Dhision of bronchi, 1084 
of cells, 4 
direct, 7 
indirect, 4 
i Dobie's line, 38 
! Dogicl, cells of. 942« 

I Dorsal artery of penis, 703 
auditory nucleus, 825 
: lamina. 117 

I longitudinal fasciciilns, 84J 
I nerve of jienis, 986 
' iieripheral band, 808 
veins of penis, 757 
vertebra;, 187 
I peculiar, 188 

, Dorsalcs jiollicis aileries, 677 
' Dorsalis liallucis artery, 722 
iiidicis, 677 
luigua>, 630 
]jcdis 721 

ajiplied anatomy of, 722 
blanches of, 722 
i peculiarities of, 722 

surface marking of, 722 
I' scapnlee, 670 
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Dorso-epitrochleoris muscle, 

492 

Dorsum Hii, 320 
of scapula, 289 
sellffi, 232 

Douglas, pouch of. 1225 
semilunar fold of, 513 
DueiJess glands, 1234 

aortic bodies of /uckci- ■ 
kandl, 1248 
carotid bodies. 1247 
coccygeal body, 1247 
liaratbyroids, 1237 
spleen, 1240 
Buprarenals, 1245 
thymus, J238 
thyroid, 1235 
Ducts on Divt— 
accessory )jaiiereatie. 1178 
of Bartholin, 111] 
common bile duel, 1173 
of Cowper’s (.'lands, 1218 
of Cuvier, 140 
cystic. ] 172 
ejaculatorv. 1212 
of Ciirlnei. 1220 
hepatic, J17I 
lacliferous, 1233 
of liver, IJ 71 % 

lymphatic, right, 76i 
Mullerian, 170 • 
nasal, 1033 
paiiei-eatic, 1178 
pamtid. 1110 
jierinephi'ie. 108 
pioslatle, oritiees of. ]20(* 
of Riviniis. 1111 
Sleiison's. 1100 
sublingual, Jill 
snliinaxillnn', JJIO 
Ihoiaeie, 7<>5 
lliyroglossal. 154 
vitelline, 93 
Wharton's, 1110 
of Wivsiing. 1178 
W'olitiaii, 108 
Dnclns^arfi'iiosus, 014 

boiv obliterated in fietiis, 
010 

cboledoelnis. 1173 
eoelilearis, 1053 
eiidnlvnijibiitieiis, 133, 1053 
panereal ieus accessorius, 
1178 

iSanloriiii, J178 
u t rk-ul o- sac<' 11 la ris. 1053 
vpiiosus, 140, 014 
developnieiil of. J-O 
tissiire for, 1107 
Duodenal fold, inferior, 1129 
suyierior, J 130 • 

fossa, inferior. 112fl 
superior, 1130 
glands, ] 140 

Duodeno-jcjunal Ilexure, 1142 
fossa, 1131 

Diiodeiio-iiiesoeolie ligamenf s, 

I 1131 

I Duodeiio-pylorie eoiistrieticn, 
1133 

^Ducfflenum, 1139 
first portion, J141 
'• second jiorl ion. II4J 

' third portion, ] 142 

i fourth jiortion, 1142 

lyin])hatic vessels of, 784 
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Duodenum, vessels and nerves 
of, 1142 

Dura mater, 892 
arteries of, 894 
cranial, 892 
endosteal layer of, 894 
meningeal layer of, 894 
nerves of, 894 
proeesses of, 893 
spinal, 894 | 

structure of, 894, 896 
veins of, 894 


Ear, 1034 

arteries of, 1037, 1043, 1068 
auditory canal, 1037 

applied anatomy of, 1038 > 
cochlea, 1049 
development of, 133 
external, 1034 

internal, or Ial)yrinth, 1047 i 
meatus acusticus extemus, 
1037 

in^dle or tympanum, 1039 ’ 
membranous labyrinth, 1061 
muscles of pinna, 1036 
of tympanum, 1045 
osseous labyrmth, 1047 
ossicles of tympanum, 1043 
])inna or c-uricle of, 1036 
somicii’cular banals, 1048 
tympanum, or middle ear, ‘ 
‘ 1039 

applied anatomy of, 1046 
vessels and nerves of, 1046 
vestibule, 1047 
Ectoderm, 87 
amniotic, 04 
embryonic, 86 
primitive, 85 
Ectodermal cloaca, 161 
Ellerent nerves, 49 
Egg-tul)es of EHiiger, 1221 
Eighth cranial nerve, 927 
applied anatomy of, 929 
nuclei of, 826 
Ejaculator uriiue, 624 ' 
Ejaculatory ducts, 1212 
Elastic cartilage, 24 
lamina of cornea, 1014 
tissue, yellow, 19 
Elastin, 19 
Elbow, bend of, 672 
jouit, 409 

anastomoses around, 674 
applied anatomy of, 412 
surface form of, 411 
vessels and nerves of, 410, 
411 

BJleidin, 66 

Eleventh cranial nerve. 937 
applied anatomy of, 939 
Embryo, delimitation of, 91 
membranes and appendages 
of, 92 

Embryonic area, 86 
ectoderm, 86 
pole, 15 

Eminence, canine, 242 

frontal, 220 • , 

h 3 rpothenar, 560 
ilio-pectineal, 323 • 

parietal. 218 
pyramidal, of pons, >823 
thenar, 560 


Eminmioes and depressions of 
bones, 182 

Eminentia aonstica, 837 
arouata, 227 
articularis, 223 
collateralis, 871 
cruciaia, 216 
soccularis, 851 
teres, 838 

Emissary veins, 743 
Enamel cells, 1101 
droplet, 110] 
epithelium, 1101 
organ, 1101 
prisms or fibres, 1098 
of teeth, 1098 
formation of, 1101 
Enart'hrosis, 370 
Encephalon, 810 
weight of, 884 
End-bulbs of KiAuse, 60 
articular, 60 

End-piece of spermatozoon, 82 
End-plates, motor, of E.u!^o, 
53 

Elndings of RuiHni, 60 
Endocardial cusbions, 139 
Endocardium, 609 
Endognathion, 285 
Eudolymph, 1061 
Endomysium, 37 
Endoneurium, 48 
Endoskrloton, 181 
Endosteal layer of dura mater, 
894 

Ehidothclium, 13 
Ensiform process, 204 
Entoderm, 86, 88 
Entodcrmal cloaca, 161 
Eosinophil corpuscles, 8 
Eparterial branch of bronchus, 
1070 

Ependyma, 867 
Ependymal layer, 116 
Epicamium, 600 
Epioondyles of humerus, 299 
Epicranial aponcurasis, 468 
Epidermic coat of hair follicle, 
69 

Epidermis, development of, 
114 

structure of, 64 
Epididymis, 1206 
development of, 169 
Epigastric artery, deep, 706 
applied anatomy of, 707 
peouliaritieB, 707 
superficial, 713 
suxierioT, 665 
fossa, 212 
plexus, 997 
region, 1119 
vein, deep, 766 
snjierficial, 762 
Epiglottis, 1062 
Epibyal, 478 
Epirnysium, 36 
Epineuriuin, 47 
Epiotic centre of temporal 
bone, 231 

£})iphyHial cartilage, 31 
Epiphysis, 33 
Epistropheus, 186 
Epithalamus, 123, 849 
fasciculus jetroflexuB of 
Meynert, 849 


Epithalamus, ganglion hal»- 
nulte, 849 
pineal body, 840 
homologies of, 849 
stalk of, 849 
structure of, 849 
posterior oommissnie, 849 
nucleus of, 849 
superior commissure, 849 
tngonum habenules,' 849 
Epithelial cells, 12 
Epithelium, 12 
ciliated, 13 
columnar, 13 
cylindrical, 13 
enamel, 1101 

germinal, of Waldeyer, 172, 
1220 

pavement, 12 
simple, 12 

spheroidal or glandular, 13 
stratified, 14 
of cornea, 1013 
transitional, 15 

Epityrapanic recess, 226, 1039 
Eponyebium, 68 
Epoiiphoron, 169, 1220 
Equator of lens, 1026 
Erector clitoridis muscle, 527 
penis muscle, 624' 
spinie muscle, 495 
Eruption of the teeth, 1102 
Erythro blasts, 10, 26 
Erythrocytes, 7 
Ethmo-voinerino cartilage, 256 
Ethmoid bone, 238 
arlieulations of, 240 
cribriform plate of, 238 
develojmieiit of, 107 
lateral masses of, 239 
os plannm of, 239 
ossification of, 240 
X>erpendicnlaT plate of, 239 
uncinate process of, 239 
Ethmoidal arteries, 647 
canal, anterior, 222 
posterior, 222 
cells, 239, 1008 
notch, 222 
plate, 106 

process of inferior turbinated, 
263 

spine, 232 

Eustachian tube) 1042 
cushion of, 1114 
isthmus of, 1042 
phaiyngeal orifice of, 1114 
tonsil of, 1042 
valve, 606 
in fcethl heart, 014 
Exnor, plexus of, 881 
Exognathion, 286 
Exoskeleton, 181 
Extensor bivvis digitorum 
muscle, 687 
brevis poUicis, 649 
carpi radialis brevior muscle 
646 

longior, 546 
ulnaris, 647 
coccygis, 498 

communis digitorum (hand), 
646 

' indiouf, 549 

longus digitorum (foot), 680 
pollicis, 649 
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.JEzioitBor minimi digiti, 547 
osais metacarpi pollicis, 549 
proprius halluois, 580 
External abdominal ring, 508 
annular ligament, 587 
capsule of brain, 874 
carotid artery, 628 
cutaneous nerve, 973 
iliac artery, 705 
lymphatic glands, 779 
vein, 765 
jugular vein, 732 
maxillary artery, 631 
medullary lamina, 847 
organs of generation, de¬ 
velopment of, 175 
female, 1230 
lymphatic vessels of, 781 
os uteri, 1224 
plantar artery, 725 
nerve, 983 
jwpliteal nerve, 984 
pterygoid plate, 236 
respiratory nervo of Bell, 955 
saphenous nerve, 981 
vein, 753 

sp<!rmatic fascia, 509 
sphincter ani. 494 
Extra-ernbryonie area, 86 
Kxlvtt-poritoneal connective 
tissue, 51 ti 

Extra-spinal veins, 751 
Extremities, 286 

bones of the lower, 320 
upper, 286 

Extremity of penis, 1214 
Extrinsic innseles of tongue, 480 
Eye, 1010 

appendages of, 1028 
applied anatomy of, 1026 
aqueous humour, 1024 
capsule of 'J'enon, 1010 
chambers of, 1017 
choroid, 10J4 
ciliary body, 1016 
muscle, 1016 
pi'ocesses, 1016 
conjunctiva. 1031 
cornea, 1012 
crystalline lens, 1025 
development of, 128 
hyaloid membrane, 1026 
iris, 1017 

meiiibranashyaloidea, 1025 
ympillaria, 1019 
orbiculns ciliaris, 1016 
pupil, 1017 

refracting media, 1024 
retina, 1020 
sclera, 1011 • 

tnnios of, 1011 
uvea, 1018 

vascular and pigmented 
tunic, 1014 

vessels and nerves of globe 
of, 1020 

vitroous body, 1025 
Eyeball, muscles of, 462 
Eyebrows. 1029 
Eyelashes, 1029 
Eyelids, 1029 
development of, 133 
Meibomian glands of, 1031 
muscles of, 459 • • 

palpebral ligaments of, 1030 
structure of, 1029 


Eyelids, tarsid plates * of, 
1030 

Eye-teeth, 1095 


Face, arteries of, 631 
bones of, 241 
development of, 110 
lymphatics of, 769 
muscles of, 456 
Facial artery, 631 

applied anatomy of, 633 
peculiarities of, 633 
transverse, 636 
bones, 241 
nerve, 922 
vein, 7^ 

applied anatomy of, 731 
common, 730 
deep, 730 
transveAe, 731 

Falciform ligament, of liver, 
1168 

of pelvis, 395 
process of fascia lata, 568 
Fallopian tubes, 1221 

applied anatomy of, 1222 
development of, 170 
fimbriated extremity of, 
1221 

lymphatic vessels of. 789 
structure of, 1221 
False ligaments of bladder, 
1197 

pelvis, 327 
ribs, 206 

vooal cords. J06(! 

Falx cerebclli, 894 
cerebri, 893 
Fangs of teeth, 1003 
Fascia, anal, 518 
axillaris, 529 
of arm, 533 
of back, 489 
bicipital, 538 
bucco'pharyngeul, 473 
of f'ampor, 506 
cervical, deep, 472 
aupi'rncial, 471 
clavi-pectoral, 667 
of CoUes, 506, 523 
of cranial n^gion, 456 
cremast.eric. 612 
oribriform, 566 
dee]), 455 
dorsal, of foot, 687 
cndopelvina, 519 • 
of forearm, 639 
general desmiption of, 455 
of hand, 550 
iliac, .564 
infraspinata, 536 
infuudibuliform, 516 
intercoluranar, 509 
intercostal, 500 
ischio-reetal, 521 
lata, .566 

falciform process of, 568 
iliac portion, 568 
pubic portion, 568 
of leg, 679 
deep transverse, 683 
lumbar, 493 
of mamma, 529 
masseteric, 467 
of Obturator interuus, 517 



> FaMU (coni) 

I of orbit, 4^ 

! palmar, 552 
parotid, 473 
, pelvic, 617 

of pelvic diaphragm. 618 
I plantar, 587 
' pretracheal, 473 
pievertebral, 473 
propria of femoral hernia, 
1162 

of psoas and iliacus, 564 
of pyritormis, 518 
of Quadratus lumborum, 5J7 
rectal, 519 
reoto-vesieal, 519 
renalis, 1183 
of Kcaryia, 506 
semilunar, 538 
spermatic, external, 609 
subscapuiaris. 534 
supordcial, 455 
supraspinata, 535 
temiKiral, 4t>8 
I of thigh, 566 tm 

of thoracic region, 528 
tiunsversulis, 515 
triangular, 510 
vertebi-al, 493 
vesical, 519 

Fasciic, general dascription of, 
465 • 

Fasciculus cuneatus, 807, W6 
gracilis, 807, 816 
inferior longitudinal, 879 
occipito-frontal, 879 
]x;rpendieular, 879 
posterior longitudinal, 841 
retrotiexus of Meynert, 84!) 

of ilolando, 814 
Holitarius, 822 

spiiio-ceiebellaris ventralis, 
806 

superior longitudinal, 879 
I'^aseiola cinema, 861 
Fat, 17 
cells, J 7 

Fauces,* isthmus of, 1091 
pillars (if, 1091 

Female Keckodtotive Or¬ 
gans— 

bulbus vostibuli, 1231 
carunculiB hyiiienealcs, 1231 
clitoris, l23i 
development of. 167 
fossa navicularis, 1231 
fuurchette. 1231 
glands of Uartbolin, 1232 
hymen, 1231 
labia inajora, 1230 

minora, 1231 • 

mons Veneris, 1230 
nymphffi, 1231 
uterus, J222 
vagina, 1229 
vestibule, 1231 
Femoral artery, 707 

applied anatomy of, 712 
branches of, 713 
common, 712 
, j^euliarities of, 712 

surface marking of, 712 
* hernia, 1161 

mgion, muscles of anterior, 
566 

interna], 571 
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FuMOHAt region, 

377 

sheath, 707 
wymr, 339 
vein, 755 
Femur, 332 

applied anatomy of. 340 
articulations of, 330 
condyles of, 337 
head of, 332 
neck of, 332 
ossification of, 330 
stnieture of. 338 
surface form of. 340 
trochanters of. 333 
Penestra ovalis, 1041 
rotunda, 1041 
h'eneatratfd iiiemln-ane 
Heiile, 55 
Fertilisation of oriim. 83 
Pibnu piopriie of cerebellum,] 
832 , ■ ] 

Fibre-coils, eoiVl ractilo, 41 
Fibn's, aiTuale. 820 
deUflnal, 1007 
intercolumnaK 60ft 
liiller. 1023 • 
l ies, 37 
of’i^Pj'ves, 45 
of rurkiiije, 42 
of lvetnak','41 
of 'J'oratw, 1007 
Fibrillaj, terminal i( 
in, 40 
Fibrin, 10 
fcnucni, 10 
Fibrinogen, 10 
Fibro-oartilage, 23 

connecting, (iiifiiinferential. 

and stiatiforin, 24 
iiilerartieular, 23 
yellow, 24 

Ji'ibro-eaitilages— 

aeroiuio-elavieular, 4t)2 
bitervertebral, 374 
of knei'. 431 
(rnbic, 397 , 

radio-ulnar, 414 
saero-coceygeal, 39t> 
steruo-elavicular, 4H0 
teinporo-inandibulav, 383 
Fibro-serous membranes, 72 
Fibi’ous cartilage. 2.3 
poricanlium, .’iMO 
rings of iieart, 5I(t 
tissue, white, 18 
l'’il)ula. 347 

ajipliod anatomy of, 349 
art ieulat ions of, 348 
o.ssilication of, 348 
• surface form of, 348 
Fibular artery, sufierior, 721 
legion, muscles of, 605 
Fifth cranial nerve, !M)0 

applied anatomy of, 918 
nuclei of, 824, 844 
surface maiking of. 918 
M'litricle '.if brain, 877 
Filiform papillte of the tongue, 
1105 

FUlet, 842 ' 

lateral, 842 
mesiai, 843 

Filtration area of eyeball, 
1028 

.Filum terminale of cord, 797 


posterior,' Fimbria Or ticnla hippocampi, 
876 

ovaricu, 1221 

Fimbriae of Fallopian tube, 
1221 

Firaiirio-dentate fissure, 804 
First nervo, 900 

applied anatomy of, 901 
Fission of cells, 7 
■ Fissura aiititragohclicina, 1030 
pctro-occijiitalis, 204 
! petro-B(|uainosa, 204 
petro-t^jianiea, 1040 
priina of cerebellum, 121 
of rhinenoephalon, 804 
I secunda of cerebellum, 121 
vestibuji, 1051 
of' Fissure^ auriculay, 228 
' ohoroidal, 129 

for ductus veiioHus, 1167 
(iloserian, 224 * 
longitudinal of liver, 1107 
transverse, 1107 ' 
portal, 1167 
ptciygo-maxillary, 268 
spheno-maxillary, 267 
sphenoidal, 235 
of spinal cord, 798 
umbilical, 1167 
for vena cava, 1167 
Fissures of owj^d^nl. 827, 828 
grcat<bo^[hn^, 826 
iiitragracile, 829 I 

postcentral. 827 
jiostolival, 827 
postgracile. 829 ' 
postnodiilar. 828 
lostpyrairiidal, 829 * , , 


Vi 


icntral..^7,. 


iimpyrainidal, 828 
I of cerebrum, 8.56 
calcarine, 8,57, 800 
callosal, 863 
callosn-marginal, 867 
collateral, 857 
dentate. 803 
fimbrlU'dentato, 804 
great longitudinal, 854 
hippocampal, 863 
])arieto-oecipital, 867, 869 
Jlulando, 857 
Syh iuH, 856 
transverse, 878 
of the cerebellum /embry¬ 
onic), 120 

of the oerebrum (embryonic), 
. 126 

congenital (of skull), 240 
of the lung, 1082 
of the medulla, 812 
of the spinal cord, 798 
Fixation muscled, 464 
of the kidney, 1183 
Flat bones, 181 
Flech.sig, oval area of, 808 
tract of, 806 

Flexor accessorius muscle, 
589 

brevis digitorum, 588 
haUucis, 690 

minimi digiti of foot, 591 
of hand, 556 
pollicis, 5.54 
caipi radialis, 540 
ulnaris, 541 


Flexor ^ongu8 digitOTum, 
.583 

hallucis, 583 
pollicis. 544 

])rofundus digitorum, 643 
suhlimis digitorum, 541 
Flexure, hepatio, 1151 
splenic, 1151 

Flexures of embiyonic brain, 
cephalic, 119 
cervical, 119 
pontine, 119 
Floating ribs, 207 
Flocculus, 829 
Floor plate, 116 
Fluid, ccrebro-spinal, 897 
Fluids, nutritive, 7 
Fcotus, circulation in, 614 
Eustachian valve in, 6J4 
foramen ovale in, 140 
vascular system in, pecu¬ 
liarities, 614 
Fold of Douglas, 613 

vestigial, of pericardium, 600 
I'\>lds, amniotic, 03 
arytcno-epiglottic, KHifi 
caudal and cephalic, 92 
genital, inner, 176 

outer or labio-scrotal, 17,5 
glosso-e^iiclottie, 1062 
recto-uterine, 1225 
recto-vcsical. or socro-genilal. 
1126 

Folium cocurninis, 827 
Follicle of hair, 68 

sim))lo, of inte.stine. 1140 
Follicles. Graalian. 1220 
Fontana, spaces of, 1014 
Fontaueltos, 277 
Foot, arches of, 452 
arteries of, 721, 724, 725 
bones of, 349 

U]if>lied anatomy of, 363 
ossification of, 362 
surface form of, 363 
dorsum, fascia of. 587 
muscles of, 587 
ligaments of, 444 
sole of, fascia of, 587 
muscles of. 589 

Foramen caecum of frontal 
bone, 221 

of medulla oblongata, 812 
of tongue, li54, 1104 
oarotico-olinoid, 235 
condyloid, anterior, 216 
poetorior, 216 
dental, inferior, 256 
of Huschke, 230 
incisor, 146 
infraorbital, 242 
intervertebral, 183 
jugular, 204 
i; lao«rum medium, 264 
magnum, 217 
of Majenitlic, 836, 897 
mastoid, 225 
mental, 255 
of Monro, 876 
dcveloxjmenl of, 122 
obturator, 326 
optic, 232 

ovale of heart, 140, 614 j 
'* of Iphenoid, 234 
palatine, accessory, 252 
iwsterior, 2,52 
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Foramen, parietal, 218 
rotnndum. 234 
sacro-8ciatic, 395, 308 
singiilare, 227 
spheno-palatine, 252 
spinosuni, 234 
eternal, 204 
etylomastoid, 228 
Bupranrbital, 221 
supratroehlcar, 299 
thyroid, 326 
transversarium, 164 
vertebral, 183 
Veaalii, 234 
of Winslow, 158, 1127 
Foramina of Diaphragm, 503 
ethmoidal, 270 
intervertebral, 183 
of Key and Betzius, 830, 
8117 

of Luschka, 836, 897 
malar, 248 
nervosa. 10.55 
olfactory, 238 
sacral, 191 
of scarpa, 246 
of Stenson, 240- 
I'hebi'sii, 604 
Forceps, major, 866 
minor. 8(if) 

Foi'e.T.rm. bones of, 301 
fascia of, 539 
inAise-les of, 539 
l‘'orei)raiii, 122, 844 
Foregut, 150 
Foreskin. 1214 

Form of embryo at difl'ererit 
stages, 177 

Formatio reticularis alba, 821 
of cord, 799 
grisea. 821 
of mcilulla, 821 
Formation, hippocampal, 126 
F'ormalive yolk, 79 
ForniiM's ot vagina, 1229 
Fornix of brain, 875 
body of, 875 
development of, 127 
pillars of, 875 
conjunctivse, 1031 
Fossh acetabuli, 326 
anticubital, 672 
of antihelix, 1036 
canine, 24% 
coohlearis, 1048 
condyloidea, 216 
onronuidea, 298 
d^astrio, 225 ' 
diptal, of epididymis, 1208 
of femur, 334 * 
duodenal, inferior, 1129 
superior, 1180 
duodeno-jejunal, 1131 
femoral, 709 4 

glenoid, 224 
of helix, 1036 
hyaloidea, 1025 
ileo-csecal, 1131 
Ueo-colic, 1131 
iliac, 322 
incisive, 242 
incudis, 1041 
infraspinous, 289 
infratemporal, 267 • • 

interpeduiioularis, 838 
intCTsigmoid, 1132 


' Fossa, ischio-reotal, 522 * 
jugular, 228 
lachrymal, 221. 245 
navicularis of urethra, 1201 
of vulva, 1231 
occipital, 215 
olecranon, 298 
ovalis, 606 
ovarii, 1218 
palatine, anterior. 24ti 
pararectal. 1125 
paravesical, 1125 
pituitary, 232 
' ptciygoid, 236 
radmis, 298 
retrocsecal, 1132 
of Bosenmullcr, 1114 
scapha, 1036 - 

scaphoidea* 236 ' . 

of BkuU, anterior, 271 
middle,<273 
IKJsterior, 274 
spheTto^maxillary, 268 
subarcuata. 228 
Bubceecal. 1132 
sublingual. 2.56 
subinaxillary. 2rit> 
subscapular, 289 
sujiraspinous, 289 
suiiratonsillaris, 1114 
Sylvian, 126 
teraporal‘,l26^lw. , 
triangularis, 1035 
trochanteric, 334 
zygomatic, 267 
Fossa*, nasal, 275, 1004 
n'trojieritoneal, 1129 i 

_o8 skull, 271 

Fonntom depussation JaffSTvy- 
nert.:S4?^»..^-*'- 
Fourohettc, 1231 
Fourth cranial nerve, 905 
applied anatomy of, 9tHi 
ventricle, 834 

Fovea centralis retina*, 1023 
inferior ot fourth veutricU*, 
837 

inguinalis lateralis, 1159 
in^sialis, 1159 

superior of fourth ventricle. 
837 

supravesioalis, 1159 
truchlcaris, 221 

Frsctuuk of acroiniuti process, 
660 

of clavicle, 560 
of femur above ccgidyles, 695 
below trochanters, 596 
of fibula, with dislocation of 
tibia, 596 

of humerus, .shaft of, 661 
surgical neck, 561 
of neck of femur, 595 
of olecranon process, 562 
of patella. 595 
of pdvis, 332 
Pott’s, 696 
of radius, 562 
lower end of, 663 
shaft of, 562 
and ulna, 562 
of ribs, 212 
of skuU, 282 
of sternum, 212 
of tibia, shaft of, 595 
' of ulna, shaft of, .562 


Fi-enula of ilco-CKcal valve, 1160 
of lips, 1089 

Frenulum of cerebellum, 827 
clitoridis. 1231 
lingua*, 1104 
piie{iutii, 1214 
veli, 831 

Frontal artery, 048 
bone. 220 

artieulations of, 223 
ossification of, 223 
structure of. 223 
convolutions, 857 
crest, 221 
eininenee, 220 
lobe, 857 
nerve, 909 
I operculum. 862 
! sinuses, 222, 1008 
suture. 220 ' 
vein, 729 

I Fronto-etlinioidal sulure. 272 
' Fronto-malai- suture, 265 
Fronto-maxillary suture. 271 
Fxpnto-nasal ju'oeess, 
hVonto-panetal operculum. 862 
l^nto-sphenoidai process of 
malar. 248 
Fundus of stomach. 
tympani, 1040 
of utc'rus, 1223* 

Fungiform pa^fiilla* of longue, 
1106 

Funicular process. 173 * 

Funieulus of nerve, 47 
separans, 837 
Furcalis, nervus, 970 
Fnrcula, 154 
Furi'ow, chordal, 89 
dental, 1100 
iliac, 331 
sternal, 211 

Furrowed band of cerebellum, 
829 

(ialen, veins of. 737 
Gall-bladder, 1172 
applied anatomy of, 1175 
fissure for, 1167 
lymphatic vessi’ls of. 787 
structure of, 1172 
Gangliaied cord of sympa¬ 
thetic, 988 

cervico-cephalic portion, 
990 

, lumbar portion,' 994 
, pelvic portion, 996 

i thoracic j^wrtioii, ''93 

. Gakolion or Ganoua, 

I llnilolotjij of, .53 

of Andeiscb, 932 • 

I aortio-rcnal. 997 
of Buchdalek, 912 
I cardiac, 996 
1 carotid, 990 
1 cervical, inferior, 993 
middle, 992 
I superior, 990 

■ diaphragmatic, 997 
i on facial nerve, 923 
I, of»fifth nerve, 908 
I Gasserian, 906 
!« gcniculi, 923 
, of gloBBo-pharyugeal, 932 
' habenulas, 849 
i inipar, 996 

4 M 
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Gakouok OB Ganoua (cone.) 
intcrpedunculare, 840 
jugular, 932 
Langley’s, 1112 
lenticular, 910 
lumbar, 995 
Meckel’s, 912 
mesenteric, 999 
ophthalmic, 910 
otic, 917 
petrous, 932 
phrenicum, 997 
of pticumogastrio, 935 
of root of vagus, 935 
sacral, 990 
of iScarpa. 1058 
semilunar, of alxlnmcn, 997 
spheno-patatine, 912 
spinal, 941 

spirale oochlem, 1058 
splanohnicum, 993 
snbmaxillary, 918 
suprarenal, 998 
thoracic, !»93 

; of t^Mik of vagus, 935 ,. 
of Valentin, '*12 
of Wrisljcrg, 996 
Ganglion ridge or i#rthl nrest, 
89. 118 " 

Ganglionic 'hninch of nasal 
nerve, !KJ9 

arteries, ant<‘ro-latcral, 660 
^antero-inodian, 648 
postero-lattiral, 601 
postero-median, 601 
layer of retina, 1021 
Giirtner, duct of, 109, 1220 
Gasserian ganglion, 900 
•depression for, 227 
artery, 040 

Gastric artt'ries (vasa brevia), 
090 

artiTy, 088 
glands, 11.37 
nerves from vagus, 9.37 
ph'xus, 999 
veins, short, 702 
Gastrocnemius muscle, .581 
Gastro-colic omentnin, 1128 
Gastro-duodenal artery, 089 
ple.xus, 999 

Gastro-epiploio jilexiis, 999 
veins, 7(S2 

Gastro-epiploic artery, right, 
090 

left, 690 
vein, left, 7(i2 

Gastru-hepatic omentum, 1127 , 
Gastro-phrenic ligament, 11.34 
Gastnr-splcnic oniuntum, 1128 . 
Getnellus inferior muscle, 576 ' 
superior muscle, 576 
Gemmation of colls, 7 | 

Generative Oroans, develop¬ 
ment of, 107 
female, 1218 
male, 1203 

Geniculate bodies, 848 

fibres of crusta, 839 ! 

of internal capsule, 873 
Geniculum of facial nerviS 92'Ji|| 
Genio-hyo-glossus muscle, 479 ' 
Genio-hyoid muscle. 479 • , 

Genital cord, 170 , 

corpuscles, ,50 • I 

folds, inner, 170 
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Gmital folds, outer, 175 
gland, 170 
groove, 176 
ridge, 170 
tuiwrelo, 175 
Genito-orural nerve, 972 
Gennari, band of, 880, 882 
Genu of corpus caUosum, 866 
of internal capsule, 873 
Gerlach, tube-tonsil of. 1C42 
Germ, comtnon dental, 1099 
special dental, 1100 
Germ-centres. 63 
Germinal cells, 115 
epithelium of Waldeyer, 172. 

1220 

path, 173 
Spot, 78 
vesicle, 79 

Giacomini, band of, 864 
Giant-oeUs, 26 
of Betz, 881 

Oianuzzi, crescents of, 1112 
Girilbomat’s ligament, 510 
Ginglymus, 369 
Girald^s, organ of, 169, 1211 
Girdle, pelvic, 286 
shoulder, 280 

Glabclhi of frontal bone, 220 
Gla<liolu8, 204 
Gland or Glands— 
aiytenoid, 1069 
of Bartholin, 1232 
of Blandin, 1100 
of Bowman, 1007 
Brunner’s, 1140 
buccal, 1090 
ceruminous, 1038 
Cowper’s, 1218 
ductless, 1234 
duodenal, 1140 
gastric, 1137 
genital, 170 
labial, 1089 
lachrymal, 1032 
of larynx, 1009 
lingual, 1100 
of Littre., 1201 
of Lusohka, 1217 
lymphatic, 61 
mammary, 1232 
Meibomian, 1031 
molar, 1091 
of Moll, 1029 
of Montgomery, 12.33 
of Nuhn, 1106 
oesophageal, 1118 
palatal, 1091 
parathyroid, 1237 
parotid, 1118 
Peycr’s, 1140 
prostate, 1215 
salivary, 1108 
sebaceous, 71 
secretii^j, 74 
racemose or saccular, 75 
simple, 74 
tubular, 74 
compound, 75 
convoluted, 76 
solitary, 1140 
spleen, 1240 
sublingual, 1111 
submaxillary, 1110 
sudoriferous. 71 
suprarenal, 1245 


i Gland Ib Glands {cojU.) 
sweati 71 
thymus, 1238 
thyroid, 1236 
of tongue, 1106 
of Tyson, 1214 
; uterine, 1227 
I Glandule Pacchioni, 898 
i lysonii odoriferse, 1214 
i Glandular epithelium, 13 
' Gians clitoridis, 1231 
penis, 1213 

I Glaserian fissure, 224, 1040 
j Gleno-humeral ligaments, 404 
I Glenoid cavity, 292 
{ fossa, 224 

ligament of Cruveilhicr, 422, 
' 451 

of shoulder, 405 
, Gliding movement, 370 
j Glisson’s capsule, 1108 
I Globular processes of His, 111 
i‘Globus major of epididymis, 

I 1200 

minor, 1206 

i ji'tllidus of lenticular 

I nucleus, 872 

I Glosso-cpiglottic folds, 1002 
; Glosso-pharyngoal nerve, 9.30 
applied anatomy of. 9.32 
I Glottis respiratoria, lOOti 
rima of, 1000 
I vocalis, 1060 
I Gluteal artery, 704 
' nerve, inferior, 979 
' superior, 979 

region, muscles of, 573 
' ridge, 336 
veins, 756 

Gluti-iis maximus muscle, .573 
mcxlius muscle, 574 
minimus muscle, 573 
' Goblet cells, 13 
' Golgi, cells of, 881 
{ organ of, 52 
Goll, tract of, 807 
Gomphosia. 368 
Gonion, 279 
Gowers, tract of, 800 
Graafian follicles, 1220 
structure of, 1220 
Graoile nucleus, 814 
Gracilis muscle, 571 
Grande lobe lunl^quo of Broca, 
862 

Grandly, tactile corpuscles of, 
60 

Granular or rust-coloured layer 
. of cerebellar cortex, 833 
layer of <!oiitine, 1098 
Granule cells, IS 
Great auricular nerve, 950 
horizontal fissure, ^ 

' loiij^ituditnal fissure, 854 
oooipitsd nerve, 946 
omentum, 1128 
Baoro-,8oiatm foramen, 394 
sciatic nerve, 980 
sinus of aorta, 619 
transverse fissure, 878 
Greater curvature of stomach, 
1133 

wings of B|>henoid, 234 
Grey commissure of spinal 
cord, 800 

of third ventricle, 864 




Grey matter of oerebeSum, 832 
of cerebral hemispheres, 
879 

of medulla oblongata, 818 
of spinal cord, 799, 800 
Grey or gelatinous nerve-fibres, 
47 

Groove, aurieulo-ventiicular, 
602 

bicipital, 29.5 
carotid, 233 
infraorbital, 243 
interauricular, 602 
interventricular, 802 
lachrymal, 244 
musoulo-spiral, 297 
mylo-liyoid. 256 
nasal, 242 
neural. 89 
occipital, 265 
optic, 232 
primitive, 86 
subclavian, 288 
subcostal, 208 
vertebral, 200 

Grooves, intervetitricular, 602 
Ground bundle, antero-lateral, 
807 

Gubernaculuiu dentis, 1102 
(estis, 173 

Gudden, commissure of, 901 
Gums, 10!) 1 
Gustatory cells, 1101 
hair, 1001 
iwre, 1001 

Gyri, or convolutions of brain, 
81>6 j 

breves insulie, 862 I 

of Ilcschl, 861 i 

Gyrus dentatus, 864 ; 

hippocampi, 863 j 

longus insulie, 862 
marginal,'869 j 

rectus, 859 
subcallosal, 864 
supracallosal, 864 
temporalis transversi, 861 


Uu;matoidin ciystals, 11 i 

Hsemin ciystals, 11 
Hiemoglobin, 7 
ciystals, 11 

Hsemorrhoidal artery, inferior, 
701 

middle, 609 
superior, 694 
nerve, inferior, 985 
plexus of nerves, 999, 1000 I 
vein, inferior, 762i 
middle, 767 
venous plexus, 767 
appH^ anatomy pf, 767 
Hair-oetls of intemd ^r, 1056' 
Haihs, 68 
cuticle of, 70 
follicles of, 68 
gustatory, 1001 
olfactory, 1007 
shaft of, 70 
structure of, 68 
Haller, vas aberrans of, 1210 
Hallucis magna artery, 722 
Ham, region of the, Tl<6 • 
Hamstring tendons, applied 
anatomy of, 678 
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' Hamular process of laohiyhial, 
248 

of sphenoid, 236 
Hamulus laminse spiralis, 106 
Hand, arteries of, 681 
bones of, 311 
fasida of, 560 
muscles of, 660 
nerves of, h-oni median, 962 
from radial, 966 
from ulnar, 962, 963 
surface form of, 319, 669 
veins of, 745 
Hard palate, 1091 
Harrison’s sulcus, 213 
Hasner, jdioa lacrimalis of 
1033 

Haversian canals of bone, 27 
systems of btme, 27 . 

Hoad, arteries of, 626 
lymphatievof, 767 
muscles of, 456 
veins of, 729 

Head-cap of spermatozoon/81 
Head-ki^ey, 1(!8 
Heart, 601 

applied anatomy of, 613 
arteries of, 611, 620 
component ])art.s of, 602 
development of, 137 
endocardium, 609 
tibrt‘a of the auricles, 610 
of the ventricles, 611 
fibrous rings of, 610 
infundibulum of, 606 
left auricle, 608 
ventricle, 608 
lymphatic vessels of, 792 
muscular fibrc:s of, 610 
structure of, 41 
nerves of. <>12, 936, 996 
position of, 601 
right auricle, 604 
venlrieie, 606 
septum ventriculorum, 609 
size and u eight, 602 
structure of, 009 
surface marking of, 612 
veins of, 612 

Heidenhain, demilunes of, 1112 
Hclicine arteries, 1214 
Uelicis major muscle, 1036 
minor muscle, 1036 
Heliootrema of cochlea, 1049, 
1061 

Helix, 1036 
fossa of, 1035 ^ 

muscles of, 1036 
spine of, 1036 

Hemispheres of coi'ebellum, 826 
development of, 120 
of cerebrum, 854 
development of, 124 
Henie, ligament of, 513 
loop of, 1186 

Henle’s layer of hair-follicle, 70 
Hensen, conalis reuniens of, 
1053 

lines of, 39 

supporting cells of, 1057 
Honsen’s stnpe, 1067 
Hepatic artery, 688 
cells, 1170 
cylinders, 164 
duct, 1171 

. lymphatic glands, 782 
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Hepatic plexus, 999 
veins, 760 

Herbst, corpuscles of, 51 
.. Hernia, congenital, 1160 
i direct ingumal, 1161 
encysted, 1161 
femoral, 1161 

into funicular process, 1161 
infantile, 1161 
mguuial, 1169 
ohluiue ingumal, 1159 
scrotal, 1159 

Hcrophilus, torcular of, 740 
, Heschl, gyri of, 801 
' Hessclbach, ligament of, 513 
tiifaigle of, 1150 
' Hiatus h^lopii, 227 
semilunaris, 276, 1004 
Higher vismil centres, 852 
. HJtehmon'.ahtmmof, 244, 1008 
Hiius of kidney, 1182 
of lung, 1081 
, of Bpleeu, 1240 
' Hind-braui, 119, 811 
Hii^jjpnit, 150 „ 

Hing^joint, 36!) 

I Hip-johit, 243 
I applied fiMtoniy of, 428 
Sti'Lscles in relation with, 426 
! surface; form of, 428 
Hippocampal convolution, 863 
I Hmrc, 803 • 
i formation, 126 
I Hippocampus major, 870 * 
minor, 867 

i His,auriculu-veutru-uhii- bundle 
I of, 611 

sulcus terniinolis of, 601 
. Horizontal cells of retina, ^22 
\ lissure, great, 826 
plate of palate, 250 
Homer’s muscle, -KiO 
: Houston’s valves of rectum, 

] 165 

Howship’s laciinic, 26 
, Huguier. canal ot, 224, 1040 
■ Huinenis, 295 
I appliM anatomy of, 300 
' articulat ions of, ‘.WKt 
head of, 295 
neck of, 295 

I nutrient artery of, 674 
: ossihoation of, 291) 
structui'e ot, 29!) 
surface form of, 300 
tuberosities of, gn-atcr, 295 
lesser, 29,5 

' Humour, aqueous, 1024 
Hunter’s canal, 710 
Huschke, auditory teeth of, 
1065 

foramen of, 230 
Huxley’s layer of hair-follicle, 
70 

< Hyaline cartilage, 21 
cell, 8 

Hyaloid membrane of eye, 1026 
Hyaloplasm, 3 

Hydatids of Morgagni, 168, 
1206, 1221 
Hymsn, 1231 

Hyo- epiglottic ligament, 1004 
Hjyo-glossal membrane, 1106 
Hyo-glossus muscle, 480 
Hyoid arch (foetal), 101^ 
bone, 260 

4 M 2 
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Hyoid bone, corana of, 261 
ossiHcation of, 2(!J 
iiiuscles of infrahyoid region,; 
476 1 

of suprahyoid region, 477 
Hyparterial bronchi, 1084 
Hypochondriac regions, 1119 
Hypochordai bar, 103 
Hypogastric arteries in footus, 
614 

how obliterated. 616 
lymphatic glands, 779 j 

plexus, 999 
/one. 1119 

Hypoglossal nerve, 939 j 

ap]>1ied anatomy of, 941 
nucleus of, 818 j 

Hy|>othalatiii, pars niainillaria,. 
123 i 

pars optica. 123 j 

Hypothalamus, 849 I 

(K>rj)ora niamillaria, 850 ^ 

infundibulum, 851 | 

optic commissun*, 851 I 

pitj'.ttary body, 8.51 ; 

subthalamic tegmental re-1 
gion, 850 ' 

corpus stiblhalainieijn^,50 
iiuelcuH oi Luys, 8.50 ' 

stratum dorsaU'. 850 
zona insierta. 850 
tuber eineieiun. 851 
Hj/]H>thenar eminence, 5.50 


lleo-cteeal fossa, 1131 

valve, 11.50 I 

lleo-eolic arteiy, (itt2 
ipssa. 1131 

Ileum. 1142 ' I 

lymphatic vessels of. 78.5 
Iliac arteries, common. 696 

applied anatomy of, ti97 i 
peculiarities of, Ii06 
•surface marking of, tt97 
external, 705 
ajiplied anatomy of. 705 
surface marking of. 705 
inlenial, 1i98 
applied anatomy of, 705 
at birth, 698 
IM-eiiliarity in the fuUus, 
ti98 

colon, 1153 
fascia, 564 
fossa. 322 
furrow, 331 

lymjihatic glands. 779, 780 
portion of fascia lata, 568 
region, museles of, 564 
.» spines. 323 
veins, common, 758 

peculiarities of, 758 
external. 7.55 
internal. 755 
Iliacus muscle, 5ti5 
fascia of, 5t>4 
Ilio-<"oe<'ygeu8 muscle, .521 
Ilio-costalis muscle, 49tt 
Ilio-femoral ligament. 425 
llio-hypogastric nerve, 971 ^ 

llio-iiiguinal nerve. 972 
Ilio-liimbar artery, 704 
ligament. 393 
vein', 758 

Ilio-pectineal eininonoc, 323 


Tlio-]tectinea] ligament, 564 
Ilio-sacralis muscle, 521 
Ilio tibial hand, 567 
TliO'trochantcric ligament, 425 
Ilium, 320 
I crest of, 323 
; dorsum of, 320 
; spines of. 323 

tubercular ])oint of. 323 
Immovable articulations, 368 
Tinpr(;8sio caidiaca, 1165 
coliea, 1165 
duodenalis. 1165 
renalis, 1165 
suprareualis, 1166 
Impression, rhomboid, 288 
Incisive bone, 246 
fossa, 242 
Incisor crest. 246 


teeth, J091 

Inoisura angularK,, 1133 
cardiaca, 1133 
cerebelli anterior, 826 
jiosterior, 826 
interlragiea. 1035 
parictalis, 225 
Rivini, 1040 
temporalis, 8()3 
tentorii. 8!)3 

Incisurip iSantorini, 1038 

Inci-ernental lines of Salter, 
1098 


Incus, 1044 
development of, 134 
ligaments of, 1045 
Index, cephalic or breadth, 279 
gnathic or alveolar. 280 


Infantile hernia, 1161 
Inferior carotid trariglo, 641 
central nucleus, 821 
coronary artery, 033 
dental arti'ry, 639 
canal, 257 
nerve, 917 

external fmntal arUtry. 6.50^ 
fovea of fourth ventricle, 837 
lucBiorrhoidal artery, 701 
internal tix.iiital artery, (H8 
labial artery. 633 
laryngeal artery, (>62 
nerve, 936 

longitudinal fasciculus, 879 
luaxillivry nerve, 914 
meatus of nos?, 276 
medullary velum, 829, 831 
mesenteric artery, 639 
glands, 784 
vein, 762 

|)hrenic artery, 695 
profunda artery, (>74 
thyroid artery, 662 
veins, 748 

turbinated bone, 263 
articulations of. 254 
ethmoidal process of, 253 
lachrymal process of. 253 
mas illary ] irocess of, 254 
ossidcatioii of, 254 
vena cava, 758 

(levelojmient of, 146 
opening of, 604 
Infracostal muscles, ,501 


nasal, 28 tt 

vertical or hoigM7279 
dusium grisouin. 864 


Infracostal plane, 1119 
Infraglenoid tubercle, 292 
Infrahyoid arteiy, 292 
Infraorbital artery, 639 
branches of facial, 925 
canal, 243 
foramen, 242 
groove, 243 
nerve, 911»r 

plexus of nerves, 912, 926 
Infrapatellar jiad of fat, 431 
Infraspinatus muscle, 536 
Infraspinous fasisia. 536 
fossa, 289 

Infrastemal notch, 212 
Infratemporal crest, 234 
fossa, 267 

i Infratrochloar nerve. 910 
' Infundibula of kidney, 1183 
j Infundibuliforni fascia, 516 
j lufundibulo-pelvic ligament, 
1225 

Infundibulum of brain, 851 
of Fallopian tube, 1221 
of heart, 606 
of nasal fossa, 1004 
Inguinal canal. 1204 
gland.s, deep, 776 

applied onatom^v oi, 777 
superficial, 776 
hernia, 1159 
Inion, 279 
Inlet of ]>eU is. 327 
Innominate artery, 623 

a]i]ilied anatomy of, (>24 
]>eeuliaritii-s of, 624 
bone, 320 

articulations of, 327 
ossilication of, 326 
veins, 747. 748 
jR'culiarit ies of, 748 
Insertion of museles, 4.54 
Insula, 862 

InU'ralveolar eell-islets, 1179 
inteiarticular chomlro-sternal 
ligaments. 389 
costo-ccntral ligaments, 386 
fibre-cartilage, 23 
of aci’omio-claviciilar joint, 
402 

of knee. 434 
of radio-ulnar joint, 414 
of sterno-elavicular joint, 
400 

of temporo-mandibular 
joint. 383 
ligament of rib, 38(i 
Interaurioular groove, 602 
Intcr-braiu, 844 
Intercavernous sinuses, 742 
Intercellular biliary passages, 
1171 

Interccutral articulations, ,373 
Iiitei-chondral ligaments, 390 
luterclavicular ligament, 400 
Intcrclinoid ligament, 237 
Interoolumnar fascia, 609 
fibres. 509 

Intcrcondyloid notch, 337 
Intercostal arteries, 684 
anterior, 666 
superior, 665 
fascite, 600 

A lymphatic glands, 789 
membranes, 600 
muscles, 600 
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InterooBtal nerves, 966 - 
8 I»aces, 207 
veins. 750 
sm«rior, 748 

Intcrcosto-liiimeral nerves, 968 j 
Interenneiform artioulatious, i 
448 { 

Litorglobular 8i)aceR, 1098 | 

Interior of bladder, 1198 
of larynx, 1066 | 

of ulenis, 1223 \ 

Interlolmlar arteries of kidney, 
1188 

biliary plexus, 1171 
Intermediate cell-mass, 90 
Intermctaeaipal articulations, 
422 

Interinetataiml articulations, 
450 

Inlerniuscular s(‘pta, 456 
of arm, 537 
of thigh, 567 

Internal abdominal rmg, 516 
annular ligament, 587 
calcanean nerve, 982 
ea])sult‘ of brain, 873 
carotid arteiy, 643 
cutaneous nerve, 058 
ear, 1047 

iliac lym(ihatic glands, 
779 

vein. 755 
jugular vein, 733 
mammary artery, 663 
brandies of, ii38 
glands, 78!) 
veins, 748 

maxillary artery, 637 
branches of, 638 
medullary lamina, 847 
nbli(juo muscle, .510 
occipital mvsl, 216 
os uteii, 1223 
plantar artery, 725 
nerve, 983 
liopliteal nerve, 981 
pterygoid plato, 236 
])udic nerve, 701 
saphenous nerve, 976 
vein, 752 
secretion, 76 
s]ihincter of anus, 523 
Interneural ai'tioulations, 375 
Liternodal ^gnients of nerves, 
46 

Interossci muscles, dorsal, 
of foot, 59J[ 
of haad, 557 
palmar, .557 , 
plantar, 591 

Interosseous arteries of hand,! 
677, 678 

of foot, 722 ‘ 1 

of forearm, 680 I 

reouri-ont, 681 ’ 

Interosseous membrane of fore- i 
arm, 414 
of leg, 439 
nerve, anterior, 960 

posterior, 965 j 

veins of forearm, 747 
Interparietal bone, 217 
Interpeduncular spSipo, 854, ' 

Intcrplialangcai articulations, 
423, 451 

Interpubic disc, 397 


Intersegmentol neurons, 801 
latersigmoid fossa, 1132 
Interspinales muscles. 498 
Intci’spmous ligaments, 376 
luterstemal ligaments, 390 
Intertarsal artieulatiojis, 444 
Intertransversalcs muscles, 
408 

Iateralo.s, 498 
mediales, 498 

Intertransverse ligaments, 376 
Intertroehanleric line, anterior, 
334 

})Ostcrior, 33.5 

I Intertuhoreular jilone, 1J19 
Intorliibular struma of kidney, 
1189 

i Intcrvonlricular grooves, 602 
! septum, 6t)9 
Interverieliifal disc!, 374 
foramina, 183 
notches, 183 
Intervillous spactes, 99 
Intestine, applied anatumv of, 
I llljf- 

development of, 1.55 
large, 1118 
coats of, 115.5 


Jacob’s membrane, 1023 
' Jacobson, cartilage of, 1005 
foramen for nerve of, 228 
nerve of, 932. 1046 
organ of, 112, 1005 
Jaw, lower. See Mandible 
upper. See Maxilla 
Jejunum, 1142 
iymjihatic vessels of, 785 
Jelly of Wharton, 19 
.Joint, See Syndosniology 
Jugular foramen, 264 
fossa, 228 
ganglion, 932 
lymphatic glands, 771 
process. 21(> 
vein, anterior. 733 
external, 732 

uplilied anatomy of. 733 
internal, 733 

a|)|)lied anatomy of. 734 
' posh'rior extenia], 733 
primitive, I4(i 
sinus or bulb, 733 
surface, 228 • 

I Jiigum sphenoidale. 237 
, J^^^pnal tube. 1186 


lymphatics of, 784 

small, 1139 Karyokinesis, 4 

coats of, 1143 Karyoinitosio, 4 

surface relations of, 1157 Karyoplasm, 79 

ves.scl8 and nerves of, | Keratin, 14 • 

1147 1 Kerkring, valves of, 1143 

Intracartilaginous ossification. Key and Retzius, foramina of, 
31 , 836, 897 


j Intracpithdial.plcxus of cornea, ! 

' IntragnWIP^Sure^feO 
Intrajugular process, 210 
' Intralobular veins, 1169 I 

Intramembraiious o.s.sification, 

. 30 

, Intranuclear network. 4 i 

; Intrax>ariotal sulcus, 859 • 

Intrasjiinal veins. 751 
Intrathyroid cartilage, 1060 
Intrinsic muscles of tongue, 
480 ; 

Involuntary muscle, 40 
Iris, 1017 

' Irregular bone.s, 182 
I Ischiu-capsiilar ligament, 424 
Tsohio-rcctal fascia, 621 

fossa, 522 j 

I applied anatomy of, 522 
' Ischium, .323 • 

body of. 323 | 

ramus of, 324 
I spine of. 323 
tuberosity of. 324 
Island of Reil, 862 

convolutions of, 862 
development of, 126 
limiting sulcus of, 862 
Islands of Langerhans, 1179 
Isthmus, aortic, 621 
of auditory canal, 1038 
of FoUopian tube, 1221 
faucium, 1091 

of limbic lobe, 863 • 

of thyroid gland, 1235 
rhomboncephali. 119 
Iterohordffi anterius, 1040 
chordae posterius, 1040 
Ivory of tooth, 1097 


idneys, 1180 

applied anatomy of, 119t) 
calyces of, 1183 • 

cortical substance of, 1184 
development of, 174 
fascia renalis, 1183 
fixation of, 1183 
hilus of, 1182 
infundibula of. 1183 
lymphatic vessels of, 787 
Malpighian bodies of, 1185 
tufts of, 1185 

medullary substance of, 1184 
minute anatomy of, 1186 
nerves of, 1189 
paranephric body. 1183 
pelvis of, 1184, 1191 
renal artery, 694, 1187 
sinus, 1183 

surface marking of, 1189 
tubuli uriniferi. 1185 
veins of, 1189 

weight and dimenrions of, 
1180 

Knee-joint, 430 * 

appUod anatomy of, 438 
burs.'e of, 435 
surface form of, 438 
KoUiker, membrane of, 1057 
Krause, cnd-bulbs of, 50 
membrane of, 38 
Kuhne, motor end plate of. 53 

LalSbe, posterior anastomotic 
vein of, 737 
Labia cerebri, 865 
innjora, 1230 , 

minora, 1231 
Labial artcrj’, 633 
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Labial glands, 1089 j 

nerves from superior inaxil- 
laiy, 012 

Labio-ucntal strand, 1099 
l,Abinm tympanicum, 1065 
vestibulare, 1066 
Labyrinth, membranous, 1061 
arteries of, 1068 
osseous, 1047 

Lachrymal apparatus, 1032 
applied anatomy of, 1033 
development of, 133 
artery, 647 
bone, 247 

articulations of, 248 
lesser, 248 
ossification of, 248 
canals, 1032 

ampullee of, 1032 
carnncula, 1031 
crest, 248 

fossa, 221, 245 j 

gland, 1032 

inferior part, 1032 
superior part, 1032 
groove, 244 
nerve, 909 
notch, 243 
papilla, 1029, 1032 
process of ii)|ferior turbinated 
bone, 263' < ! 

puncta. 1032 
sas; 1032 
tubercle, 245 
Lacteals, 703 
Lactiferous ducts, 1233 
Lacuna magna, 1201 | 

Laounie of bone, 27 | 

Howship’s, 26 j 

latcrales, 898 I 

of urethra, 1201 ! 

Lacus laorimalis, 1029 i 

Lagena, 1057 I 

Lambda, 219 i 

Larabdoid suture, 217 ' 

Lamella of bone, articular, 366 
Latnollee of bone, 28 < 

ciroumfuruntial, 27 
inU'rstitial, 27 
primary, 27 
8 («ondaiy, 27 
Lamellar cells, 16 
Lamina basalis, 1016 
chorio-capillaris, 1010 
cornea of corpus striatum, 
876 

cribrosa, 227 
sclcrse, 1012 
dental, 1099 
^orsal or alar, 117 
elastica anterioi’ of cornea, 
1014 I 

posterior of cornea, 1014 i 
reticularis, 1067 j 

spiralis ossca of cochlea, 1061 
spiralis secundaria, 1061 ' 

supraohorioidea, 1012, 1015 
terminalis, 122. 851 
vasculosa, 1016 
ventred or basal, 117 i. 
of the vortebrss, 183 ' 

Laminte, nasal (festal). 111 , 

Lanoisi, striae of, 864 
Langerhans, centro-acinar cells 
,.of, 1179 
tfiands of, ] 179 


Langhans, layer of, 86 
Langley's ganglion, 1112 
Lantermann, segments of, 46 
Lanugo (foetal hairs), 116 
Large cavernous nerve, 1000 
deep petrosal nerve, 913 
intestine, 1148 
cssoum, 1149 
colon, 1151 
iloo-caccol valve, 1150 
rectum, 1154 

superficial petrosal nerve, 
913, 924 

Laiyngcal artciy, inferior, 662 
I superior, 630 
nerve, external, 936 
inferior, 936 
internal, 936 
recurrent, 936 
superior, 936 < 
saccule, 1166 
sinus, 1066 
Laryngotomy, 1074 
Laiynx, 1069 

actions of muscles of, 1069 
applied anatomy of, 1073 
arteries of, 1070 
cartilages of, 1059 
cavity of, 1065 
glands of, 1069 
ligaments of, 1063 
lymphatic vessels of, 772 
raucous membrane of, 1069 
muscles of, 1067 
nerves of, 1070 
rima glottidis of, 1066 
superior aperture of, 1066 
surface form of, 1073 
veins of, 1070 
ventricle of, 1066 
vestibule of. 1065 
vocal cords of, false, 1066 
true, 1066 

Lateral area ofuneduUa, 813 
basis bundle, 807 
cornua of spinal cord, 799 
nerve-cells in, 802 
ligaments of liver, 1168 
limiting zone, 807 
longitudinal striie, 864 
mass of ethmoid, 239 
mdbadbrm, 90 
nasal artery, 633 
jirooeases, 110 
occipital sulcus, 860 
recesses of fourth ventricle, 
835'; 

sacral arteries, 704 
sinuses of brain, 739 
ventricles of brain, 867 
Latissimiis dorsi muscle, 490 
Layer of Langhans, 86 
of rods and cones, 1023 
Layers of cerebral cortex, 
880 

Tjccithin, 7 

Left lobe of liver, 1167 
Leg, bones of, 320 
fascia of, 679 
deep transverse, 683 
‘ muscles of, 679 
back of, 581 
front of, 679 
Lemniscus, ^2 
Lens, ciystalUne, 1025 
capsule of, 1025 


Lens, changes produced in, by 
age, 102) 

development of, 131 
equator of, 1025 
poles of, 1026 
structure of, 1026 
suspensory ligament of, 1026 
vascular capsule of, 131 
vesicle, 128 

Lenticular ganglion, 910 
nnolcus, 872 
process of incus, 1044 
Lesser curvature of stomach, 
1133 

internal cutaneous nerve, 
963 

lachrymal bone, 248 
omentum, 1127 
sac of xicritoneum, 1126 
boundaries of, 1127 
wings of sphenoid, 236 
Leucocytes, 8 
development of, 10 
Levator anguli oris, 464 
BcapuliB, 492 
ani, 619 

glandules thyicoidcse, 1236 
labii inferioris, 466 
superioris, 464 
aleequc nasi, 464 
menti, 46(i 
palati, 484 
palpebrse, 461 
pioslatae, 620 
Levatorcs costarum, 601 
Lieberkiihn, crypts of, 1146 
Licno-renal ligament, 1120 
Liuament OB Ligaments— 
acromio-clavicular, inferior, 
401 

suxierior, 400 
alar of knee, 434 
of ankle, anterior, 441 
lateral, 441 

annular, of ankle, 580 
cxtonial, 687 
internal, 687 
of radius, 413 
of wrist, anh'i'ior, 550 
posterior, 661 
arcuate. 502 
astragalo-navicular, 445 
atlanto-axial. apterior, 377 
posterior, 378 
of bladder, false, 1197 
true, 1196 

broad ligaments of uterus, 
1226 

calcaneo -•astrogaloid, an¬ 
terior, 444 
external, 444 
internal, 444 
interosseous, 445 

J posterior, 445 
caneo-ouboid, internal, 446 
long, 446 
short, 446 
superior, 446 
i coloaneo-navicular, inferior, 

■ 447 

superior, 447 
capsular, see Individual 
• Joints 

carotico-clinoid, 237 
carpo - mctacarx>al, dorsal, 
I 420 
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Lioament oe Ligaments { cent .) 
carpo-mctacarpal, interoa- 
8COUB. 421 
palmar, 421 
of carpus, 418 

central, of spinal cord, 899 ! 
check, 382 

of eye, 1011 j 

choridro-stemal, anterior, j 
388 

|K>8terior, 389 

chondro-xiphoid, 390 ! 

common vertebral, anterior,' 
373 

posterior, 373 
conoid, 402 
of Cooper, 510 
coraco-acTomial, 403 
coraco-clavicular, 402 i 

coraco-humeral, 404 
coronary, of knee, 434 I 

of liver. 1123 
costo-claviciilar, 400 
coato-coracoid, 531 
costo-transverso, .387 
coHto-vcrtebral, or stoUate, 
386 

cotyloid, 426 
crico-arytenoid, 1064 
crico-trachcal, 1064 
crucial, of knee. 432 
cruciform, 378 
cnboideo-navicular. 448 
c unco-cuboid, 448 
eiinco-navicular. 447 
deltoid, 441 
of elbow, 409 
anterior, 409 
external lateral, 410 
internal lateral, 410 
posterior, 409 
faloifonn, of liver, 1122 
of pelvis, 395 
gastro-phrtmic, 11.34 
tlimbernat’s, 510 
gleno-humeral, 404 
glenoid, 405 
of Hcnle, 513 
of Hesselbach, 613 
of hip, 423 
hyo-cpiglottic, 1064 
iliu-fenioral, 425 
ilio-luinb|r, 393 
ilio-jMjctineal, 564 
ilio-trochanteric, 425 
of incus, 1045 
infundibulo-pclvic, 1225 
interarticular, of riba, 380 
intcrohondral, 390 
intorclavioular, 400 
intcrclinoid, 237 
interouneiform, 448 
intermotacarpal, 422 
intermctatarsal, 450 
intorphalangeal, 423, 451 
interspinouB, 376 
interstemol, 390 
intertarsal, 444 
intertransverse, 376 * ' 

isohio-capsular, 424 
of knee, 430 
of larynx, 1063 
lateral patellar, 430 • 

left lateral of liver, 1168 
lieno-renal, 1126 J 

long plantar, 446 


Ligament ob Ligaments { eont .) 
. lumbo-SBcraJ, 39.3 
of melleus, 1045 
metacarpo-phalangeal, 422 
metatarso-phalangeal, 451 
mucosuin, of knee, 434 
nuchie, 376 
oblique, 414 
sacro-iliac, 394 
oecipito-atlantol, anterior, 
380 

lateral, 381 
IMsterior, 380 

occipito-axiol, 382 ! 

odontoid, 382 
orbicular, 413 ^ 

of ovary, 1219 
palpebral. 1030 
of patella, lateral, 430 
of pelvi^ 393 
phrenico-perieardiac, 758 
phreno-colic, 1153 
of the pinna, 1036 
plantar, 446 
post< 'or. of knee, 431 
Poupart’s, 509 , 

pterygo-mandibular, 4fi7 
pterygo-spinous, 237 
pubic, anterior, 396 
posterior, 397 
superior, 397 
]»ubo-fenioral, 424 
pubo-prostatic, 1196 
(juadrate, 413 i 

radio-carpal, 415 
of radio-ulnar joint, inferior, 
414 

middle, 413 
superior, 413 
rhomboid, 400 
right lateral of liver, 1168 
round, of hip, 425 
of liver, 1168 
of uterus, J225 
socro-cocoygoal, 396 
sacro-iliac, anterior, 394 
8 .acro-s(;iatic, great, 394 
small, 395 
sacro-vcrtebral, 392 
of scapula, 403 
of shoulder, 404 
spheno-mandibular, 382 
spino-glenoid, 404 
spring. 447 
stellate, 386 

sterno-clavicular, anterior, 
400 • 

posterior, 400 
Btorno-pericardioc, 000 
of sternum, 390 
structure of, 306 
stylo-hyoid, 478 
stylo-mandibular, 384 
Bubpubic, 397 
Buperfleial transverse, of 
fingers, 553 
suprascapular, 403 
supraspinous, 375 
Buspensorj' of axilla, 629 
of eye, 1011 

of Ions, 1025 • 

of liver, 1122 , 

of mamma, 529 
■ of ova^, 1218 
of penis, 1214 
sutural, 368 


Ligament OB LiOAMENTS(c<mf.) 
synovial, 367 
tarsal, of tyelids, 460 
tarso-inctatarsal, 449 
of tarsus, 444 
teres, of hip, 425 
thyro-arytenoid, lOOti 
thyro-epiglottic, 1064 
thyro-hyoid, lateral, 1063 
til)io-fil>ular, 439 
transvcrsalis eolli uteri, 
1225 

transverse, of ankle, 440 
of atlas, 378 
of hij), 420 
hiinicral, 405 
of krfee, 434 
metacarpal, 422 
metatarsal, 4,50 
of scajmla, 403 
trapezoid, 402 

triangular, of urethra, 525, 
527 

utero-socral, 1225 
of uterus, 1225 * 

of vertebra', 372 
of Winslow, 431 
of Wrisbei-g, 434 
of wrist, anterior, 416 
lateral ext^ial, 416 
intental, 416 
posterior, 416 
"i'-shaped of Bigelow, 425 
of JiiNN. 462 
Ligamenla alaria, 434 
brevia, 544 
longa, 544 
Bubfiava, .375 

suspensoria of mamma, .529 
Ligamentous aetion of muscles, 
372 

liigaiucntuin ajneis deiitis. 382 
arcuatum extemuin, 002 
internum, 502 
medium, 503 
artcrioBum, 619 
dcnticulatum, 899 
latum pulmonis, 1077 
mucosum, 434 
I nuchm, 370 
patellae, 431 

I pectinatum iridis, 1014 
posiioum Winslowii, 431 
spiiale, 10.54 
teres, 42!>, 1168 
Ligature of arteries, see each 
Arterj' 

Ligulai, 836 
Limbic lobe, 862 
Limbs, bones of the, 286 ^ 
development of, 113 
Limbus laminae spiralis, 1055 
Limiting zone, lateral, 807 
Line or lines— 
coloured, of Retains, 1098 
curved, of ilium, 320 
of occipital, 214 
incremental of Salter, 1098 
intertrochanteric, 334 
V^laton’s, 428 
oblique of fibula, 347 
, of mandible, external, 255 
internal, 256 
of .radius, 300 • 
of tibia, 344 
of Schieger, 1098 
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line or lines (coni.) 

spiral uf femur, 334 
Linen alba, .514 
as pern, 335 
iliu-pectinea, 322 
intercondyloidea, 337 
quadrata, 335 
splendens. 898 
Buprema, 214 
Lineai seniilunares, 514 

transversaB of abdomen, 513 
Lingual artery. 0.30 

applied anatomy of, (>31 
branches of glo.sso-pharyn¬ 
geal nerve, 932 
lobule, 890 ■». 

nei ve, 91« 
str.and, 1099 
tonsil, not) 
veins, 734 

Lingualis muselo, inferior, 482 
superior, 481 
transverse. 481 
vertical. 481 

LinguIaTTf ecre))ellum, 827 
of mandible, 25l> 
of sphenoid, 233 
Lips, 1089 
arU'ries of, (533 
Liquor aninii, {)1 
sanguinis, l6 f 
Lissauer, tract of, 807 
Littri, glands of, 1201 
Li\ KU. 11(53 

a:)iplied anatomy of. 1174 
bile ducts of, 1171 
developiiicnl o1, 1(54 
fissures of, 11(5(5 
hepatic artery, (588, 1 1(58 
colls, 1I70‘ 
duel, 1171 
veins, 700, 1108 
ligaments of, 11(58 
lobes of, 11(57 
lobules of. 1109 
lym])hatic ves-sels of, 78(5 
microscopic ap|>caran«e of, < 
1170 

nerves of, 1108 
portal vein, 700 
situation, size, and weight. 
1103 

structure of, 1108 
surface relations of, 1173 
surfaces of, 1104 
vessels of, 1108 

Lobes of cerebral liemispherc, 
857 

enneus, 800 
frontal, 857 

iAsula, or island of Jloil,' 
802 

limbic, 802 

occijiital, 800 ' 

olfactory, 8(53 

parietal, 859 

procuncus. 800 

quadrate, 800 

temporal, 801 

Lobes of cerebellum, 825 , 
of liver, 1107 

of lung, 1082 , 

of prostate, 1216 
of thyurus, 1238 
of thyroid, 1235 
LoKule of the ear, 1035 


Lobule, lingual, 800 
i paracentral, 8.59 
Lobules of liver, 1169 
of lung, 1085 
Lobuli testes, 1207 
Lobulus centralis, 827 
Lobus cocuminis, 827 
caudatus, J1 (57 
clivi, 827 
culminis, 827 
gracilis, 829 
nodiili, 829 
pyramidis, 829 
quadratus, 1167 
iSpigelii, li67 
tuboris, 829 
uvulaj,,829 

Localisat^n, cerebral. 885 
LookwQod. superior tendon of, 
462 , 

Locus cinrulcus, 838 
perforatus antieus, 804 
postic-us, 838 
fjong bones, 181 
buccal nerve, 915 
ciliary nerve, 910 
saphenous nerve, 97(5 
saphenous vein, 752 
(horacic artery, (570 
Loiigissimus dorsi muscle, 196 
Longitudinal fasciculus, 
inferior, 879 
juu'pendicular, 879 
jiosterior. 841 
suj)erior, 879 
fissure of brain, 854 
of liver, 11(57 

sinus of braiu, inferior, 738 
superior, 737 
striic, lateral, 8(54 
mesial, 864 

Longus eolli musele, 487 
Looji of Henle, 1186 
Lowenthal, trae^; of, 805 
Lower extremity, arteries ol., 
707 ! 

arliculations of, 423 
bones of, 320 

fascim of, 5(53 , 

lyinphadc vessels of, 777 I 

muscles of. 503 ! 

sui-faee form of, 593 i 

nerves of, 97(5 I 

veins of. 752 1 

Lower visual centres, 852 j 
Low nut, tubercle of, 605 1 

Ludwig, an^e of, 204 I 

Lumbar arteries, 695 ; 

enlargement of spinal cord, ^ 
798 I 

fascia or aponeurosis, 493 
ganglia of sympathetic, 995 { 
lymphatic glands, 780 I 
nerves, anteiior divisions of, i 
960 i 

posterior divisions of, 948] 
plexus of nerves, 970 I 

jiortion of sympathetic cord, 1 
994 

ap]>lied anatomv of, 

* 98(5 

^ regions of abdomen, 1121 
vein, ascending, 759 
veins, 7.59 

vertebraj, 190 l 

ossiKcation of, 197 I 


Lumbo-sacral cord, 970 
ligament, 393 
pfcxus, 959 

Lumbricales muscles of foot, 
.590 

of hand. .5.56 
Lung-buds, 166 
Lungs, 1081 
air-sacs of, 1086 
applied anatomy of, 1087 
capillaries of, 1086 
development, 166 
lobes and dssures of, 1082 
lobules of, 1086 
lymphatic vessels of, 792 
nerves of, 1086 
root of, 1083 
structure of, 1085 
surface marking of, 1086 
weight, colour, &o., 1084 
Lunulse of nails, 68 
of semilunar valves, 607 
Lusohka, foramina of, 836, 
897 

gland of, 1247 
Luys, nucleus of, 850 
Lymph, 11 
capillaries, 11 
path or sinus, 62 
sacs (foBlal), 149 
Lymphatic duet, right, 76(5 
Lymiihatio glands of abdomen, 
778 

aortic, 780 

applied anatomy of, 7(54 
anrioular, jiosterior, 707 
axillary, 773 
bronchial. 792 
buccal. 768 
cervical, anterior, 772 
deep, 772 

applied anatomy of, 
772 

Cloquet, gland of, 77(5 
coronary, 781 
diaphragmatic, 790 
facial, 768 
of head, 767 
histology of, (51 
hypogastric, 779 
iliac, common, 780 
external, 779 
internal, 779 
inguinal, 770 * 

applied anatomy of, 777 
intercostal. 789 
jugular, external, 771 
lingual, 769 

of lower extremity, 775 
lumbar, ?80 
mammary, internal, 789 
mandibular, 768 
mastoid, 767 
maxillary, 768 
internal, 709 

mediastinal, anterior, 791 
posterior, 792 
mosonterio, 782, 784 
• of neck, 770 
obturator, 779 
occipital, 757 
pancreatico-duodonal, 784 
, pararqptal, 784 
parotid. 708 
, of pelvis, 778 

' popliteal, 775 
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Lymphatic glands, prinbipal' 
gland of tongue, 770 [ 

retro-pharyngeal, 769 | 

of Rosenmiiller, 776 
sacral. 779 ' 

of small intestine, 700 i 

splenic, 782 

Stall I', middle gland of, 
771 

of stomach, 7,59 
aubinaxillary, 771 
submental, 771 
suprahyoid. 771 
of thorax, 789 
tiliial, anterior, 775 
tracheo-bronchial, 792 
of upper extremity, 772 
Lymphatic vessels of abilo- 
minal viscera, 784 
of abdominal wall, 781 
of anal canal, 785 
of anus. 785 
of appendix, 785 
ap]ilied anatomy of, 704 
of bla<ld<T, 788 
broncho - niediastinal 
trunk, left,. 706 


Lymphatic vessels of spleen, 787 Mandible, 255 

of stomach, 784 articidations of, 2(i0 

subclavian trunk, left. 760 body of. 2.55 

right, 707 changes in, due to age, 260 

of supranmal glands, 787 condylar process of. 257 
of testes, 789 tsoronoid process of, 257 

of thoracic viscera, 792 ossitieation of. 2.58 
of thoracic wall, 790 ramus of. 256 

of thyroid body, 772 Mandibular areb, 108 

of tongue, 770 • nerve. 927 

of tonsil, 770 Mantle layer. 116 

of upper extn'niity. 775 Manubrium mallei, 1043 
of ureter, 788 of sternum, 204 

of uivithra, 789 Margin, sui>Taovbital, 221 

of urinary organs, 787 Marginal gyrus, 8.59 
of uterus, 789 layer or veil. 116 

of vagina, 789 .Marrow of bone. 25 

of vas deferens, tsO ‘ r<‘d. 20 

of vermiform appead ix. 785 yellow, 25 
of vesiyila; scminalcs, 789 , Marshall, vestigial fold of, 148, 
Lyinjrhoeyle, 8 6(M) 

Lymphoid tissue, 20 Marlinotti, cells of, 881 

Lyra of fornix, 875 Masse! er muscle, 408 

Masseteric artery, 039 
fascia, 407 • 

McHumey’s spot, 1157 nerve, 915 

Macula acustica sacculi, 10,53 Mastoid antrum, 220 


right, 707 
of caicuni, 785 
of clitoris. 781 
of colon, 785 

of common bile-duct, 787 
of diaphri^rm, 790 
o! duodenum. 784 
of external genitals, 781 
of face, 709 
of Fallopian tubes, 789 
of gall-bladder. 787 
of gluteal region, 777 
of head, 7ti9 
of luiart, 792 
histwlogy of, 60 
of ileum, 785 
intestinal tAink, 700 
of jejunum, 785 
jugular trunk, left, 760 
right. 707 
of kidneys, 787 
of labia, 781 
lacteals. 7ti3 
of large intestine, 785 
of larynx,-772 
of liver, 780 
of lower extremity, 777 
lumbar tvuiiks, 70ti 


utviculi, 1052 
cribrr>sa media, 1048 
superior, 1048 
liitea, 1023 

Majondic, foramen of, 830, 897 
, Malar artery, 047 
bone, 248 

articulations of, 2.50 
foramina of, 248 
fronto-sphenoidal process 
of, 248 

nnixillaiy jtroccss of. 250 
orbital process of, 248 
; ossification of, 250 

temporal process of, 250 
I tubercle, 248 ! 

; canals, 248 , , 

nerves, from facial, 925 
from tcmporo-malar, 911 
process of maxilla, 245 
j Male urethra, 1200 ' 

Malleolar arteries, external and 
interuol. 72 L 

folds, anterior and jiostcrior, i 
1043 

Malleolus, external, 348 
I iutei'iuil, 345 
> Malleus, 1(H3 


opening of. 1041 
cells. 220, 1(M1 
foramen, 225 

portion of ^eni^ioral bone, 225 
process, 225 

Mat or tapetnm, 80ti • 
Maternal blood-sinn.scs, !)9 
Matrix of nail, ()8 
of tooth, 1098 
Maturation of ovum, 79 
Maxilla, 242 

articulations of, 247 
changes in, due to age. 247 
oasitication of. 247 
Maxillary arteiy, extei-nal, 631 
internal, 037 
l)one, inferior, 255 
superior, 242 
nerve, inferior, 914 
saperior, 911 

]n-ocess of inferior turbi- 
nat<-d. 254 
of malar bone, 2.50 
of palate bone, 2,52 
processes of fcct iis, 111 
sinus, 244, 1008 
tuberosity, 242 
vein, internal, 731 


of lung, 792 I development of, 134 ' .Meatus acustiens internus, 227 

of mammary gland, 790 | ligaments of, KftS 1 externus, 230, 1037 

of mouth, 770 Malo-maxillary suture, 271 \ ap]>lied anatomy of, 

of nasal fussqj, 770 Malpighi, pyramids of, 1184 1038 

of neck, 772 Malpighian bodies of kidney,, urinarius, 1201 

of nympha', 781 1185 ! Meatusi's of the nose, 270 * 

of (esophagus, 793 bodies of spleen, 1242 ; Mechanism of pelvis, 397 

of ovary, 789 capsules, 118,5 i of respiration, 505 

of 2 raucrt!as, 787 tufts, 1185 [ of thorax, 391 

of i)oIvis, 781, 784 Mamillary process, 191 Meckel’s cartilage, 108, 258 

of 2 )cnis, 789 Mammav, 1232 diverticulum, 93 

of perineeum, 781 ap^vlied anatomy of, 1234 ganglion, 912 

of jiharynx, 772 development of, 115 ' M^ia, refracting of eye, 1024 

of ])iiina, 769 • lym)>hatic vessels of, 790 Median nerve, 9,59 

of pleura, 793 nipple of, 1232 ^in, 740 

of prostate, 788 structure of, 1233 • Mediastinal arteries, from in- 

of rectum, 785 vessels and nerves of, 1234 , tcrnal mammaiy, !)l>4 

of reproductive argans, 789 Mammary artery, internal, 063 lympliatic glands, anterior, 

of scalp, 769 glands, 1232 791 _ • 

of scrotum, 781 lymphatic vessels of, 790 posterior, 792 

of small intestine, 785 " veins, internal, 748 ! subi>lcural plexus, 665 
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Mediastinum, 1078 
anterior, 1079 
applied anatomy of, 1080 
middle, 1079 

posterior, 1079 , 

superior, 1078 
testis, 1207 

Medio-tarsal joint, 443, 447 ! 

MbDULLA OBfXJNOATA, 811 

applied anatomy of, 822 I 

arcuate Gbres of, 830 I 

areas of, 812, 813, 814 j 

development of, 119 | 

fasuicidus ouneatus of, 816; 
gracilis of, 8 111 
of Rolando, 816 j 

fissuroS'Of, 812 I 

formatio reticularis of, 821 
grey matter of, 818 j" 

lateral area, 813 
olivary body of, 813 
posterior area of, 814 ' 
pyramids of, 812, 81.5 
raphe of, 812 
resfSform bodies of, 81.5 
structure of, 816 
Medulla of hair, 70 
MeduUaiy artery of bone, 26 
canal of botic, 25 
formatipn of, 33 
centre of haraisphercs of, 
brain, 878 
folds, 88 

lamina, external, 847 I 
internal. 847 

laminic of nucleus len -1 
ticularis, 872 
membrane of botie, 25 
portion of kidney, 1184 ' 

of suprarenal glands, I 
1246 

segments of nerves, 46 
sheath of nerve-fibres, 46 
sfiaocs of bone, 29 
velum, inferior, 829, 831 
superior, 831 

Modullated nerve-fibres, *4.5 
Meibomian glands, 1031 
Meissner’s plexus, 1148 
tactile corpuscles, 60 
Melanin, .36 

Membrana basilaris, 1049, 
1055 ' 

granulosa of Graafian follicle, ’ 
1220 


! Membrane, hyoglossal, 1106 
intercostal, 600 , 

internal limiting, 1021 
interosseous, of forearm, 414 1 


of leg, 4.39 I 

Jacob’s. 1023 

of Kolliker, 1067 ; 

of Krause, 38 
medullary of bone, 23 
of Nasmyth, 1101 
nuclear, 4 | 

obturator, 67.5 
pupillary, 1019 
of Reissner, 1053 
Schneiderian, 1005 
thyro-hyoid, 1063 
vitelline, 83 
M«m*«avks— ^ v’ 

basement, 20 | 

of brain and spitial cord, 892 
rtf embryo, 92 
mucous, 73 — ’ 

serous, 72 
synovial, 73, 367 
M'^mbranous primordial cra¬ 
nium, 105 

canal of cochlea, 1053 
labyrinth, 1051 
portion of urethra, 1200 
semicircular canals, 1053 
vertebral column, 103 
Meningeal artery, from ascend¬ 
ing pharyngeal, 036 
anterior, from internal 
carotid, 646 

middle, from interna! 

maxiUary, 638 
from occipital, 634 
posterior, from vertebral, 
659 

small, front internal maxil¬ 
lary, 639 

layer of dura mater, 894 
nerves from hypoglossal, 940 
from superior maxillary, 

‘ 911 

Meninges of brain and spinal 
oordr<8B2 

Menisci, 369 
Mental foramen, 255 
nerve, 917 
point, 279 
protuberance, 255 
tubercles, 266 


Mesencephalic root of 
hyaloidea, 1026 nerve, 906 

limitans oxterna of retina. Mesencephalon, 121, 838 


fifth 


1021 

interna of retina, 1023 
^ctitans, 1031 
propria, 17 
papillaris, 131, 1019 
sacciformis, 415 
tectoria, 836 
tympani, 1043 

structure of, 1043 
secundaria, 1041 
Membrane, arachnoid, 895 
of Bruch, 1016 
of Gorti, 1057 • 

oosto-coraooid, 630 
orioo-thyroid, 1064 
of Dssoemot, 1014 
external limiting, 1023 
fdnestrated, 66 
hyaloid, 1025 


Mesenteric arteiy, inferior, 693 
superior, 090 

lymphatic glands, 782, 784 
plexuses of nerves, 999 
vein, inferior, 762 
superior, 762 

Mesenterioo-parietal fold, 1065 
Mesenteries, 1129 
development of, 158 
meso-appendix, 1160 
pelvic mesocolon, 1129 
transverse mesocolon, 1129 
Mesentery proper, 1129 
■Mesial fillet, 843 
^ longitudinal striee, 864 
Meso-appondix, 1160 
Mesoblast, 87 

' Mesocardium, arterial, 600 
I venous, 600 


Mesocolon, foetal, 168 
pelvic, 1120 
transverse, 1129 
Mesoderm, 88 
formation of, 87 
lateral, 90 
paraxial, 90 
Mosodennic somites, 91 
Mesogastrium, dorsal, 168 
ventral, 167 
Mesognathion, 285 
Mesonephros, 168 
Mesorenium, 172 
Mesosalpinx, 1225 
Mesosternum, 203 
Mesovariura, 172, 1219 
Metacarpal artery, 664 
bones, 315 

applied anatomy of. 320 
articulations of, 317 
common oharacl<TS of, 316 
ossification of, 319 
peculiar characters of, 316 
Metocarpo-phalangeal articu¬ 
lations, 422 
Metacarpus. 315 
Metanephros, 174 
Metaphase of kaiyokincsis. .5 
.Metasternum. 203 
Metatarsal artery, 722 
bones, 358 

common characU'rs of, 358 
peculiar characters of, 369 
Metatarso-phalangeal articu¬ 
lations, 451 
Metatarsus, 358 
ossification of, 362 
Mctathalamus, 122, 848 
MctencephaJon, 119 
Metopic suture, 220 
Meyncrt, basal optic nucleus 
of, 851 

fasciculus retroflexus of, 849 
fountain decussation of, 844 
substantia innomiuata of, 
874 

Microcytes, 7 
Micropyle, 79 
Mid-brain, 121, 838 
ventricle of, 844 
Mid-carpal joint, 418 
Mid-gut, 150 

Middle cerebral arjery, 650 
cervical ganglion, 992 
clinoid processes, 232 
commissure, 854 
cornu of lateral ventricle, 
868 

ear, or tyqspanum, 1039 
fossa of skull, 273 
frontal convolution, 858'' 
hcemorrhoidal artery, 699 
internal frontal arteiy, 648 
meatus of nasal fossa, 276 
mediastinum, 1079 
meningeal arteiy, 638 
odontoid ligament, 382 
saoral arteiy, 696 
veins, 785 
Milk teeth, 1096 
Mitoohondrial sheath, 82 
Mitral cells, 883 
valve, 609 

Mixed articulations, 369 
.Moderator band, 607 
Modiolus of cochlea, 1049 



Molar glands, 1091 ^ 

teeth, 1095 I 

Molecular layer of cortex of 
cerebcUum, 832 I 

of cerebrum, 881 ' 

Moll, glands of, 1029 
Monakow, tract of, 805, 
Monaster, or mother star; 6 
Monro, foramen of, 122. 876 
sulcus of, 122, 854 
Mons Veneris, 1230 
Montgomciy, glands of, 1233 
Morgagni, hydatid of, 168, 
1206, 1221 
columns of, 1156 
sinus of, 483 
Morula, 84 
Moss-fibres, 833 

Mother star, or monaster, 6 j 
Motor areas of cerebral cortex,' 
885 

decussation, 813 
end-plates, 53 
nerves, 53 
oculi nerve, 903 

applied anatomy of, 905 
tract, 888 
Mouth, 1089 
development of, 151 
lymphatics of, 770 
mucous membrane of, 1090 
Movable articulations, 369 
Movement admitted in joints, 
370 

Mucigen, 13 

Mucous glands of tongue, 1106 
membrane, 73 
tissue, 10 
Mueus, 73 

Miiilcr, fibres of, 1023 
ring muscle of, 1017 
Mdllcrian duets, 170 
eminence, 170 
Multiuuspid teeth, 1096 
Multifidus spiiiH! muscle, 497 
Mosixe on Muscles, Hi/ilohgy 
of, 36 

applied anatomy of, 4,54 
arrangement of fibres of, 37 
bipenniform, 453 
blood-vessels of, 40 
cardiac, 41 
columns, 38 

derivatiofl of names, 453 
development of, 42, 114 
fasciculi of, 36 
fibres of, 36 
fixation, 454 
form of, 463 ^ 
fusiform, 453 
inwrtioD of, 454 
involuntary, 40 
lymphatics of, 40 
meaning of the terms ‘ origin ’ 
and ‘ insertion,’ 454 
mode of connection of, with 
bone, oartilagc, skin, &c., 
454 

nerves of, 40 
origin of, 464 
peniiiform. 453 
plates, 102 

quadrilateral, 453, , 

rhomboidal, 453 
sarcous elements of, 30 
sheath of, 37 * 


INDEX 

Mcsolb ok Muscles ( tont .) 
skeletal, 36 
stripe<l, 36 
structure of, 36 
synergic, 454 
tendons of, 456 
triangular, 453 
unstriped, 40 
voluntary, 36 

Muscle ob Muscles, Deserip- 
tive Anatomy — 
of abdomen, 506 
abductor balluois, 588 
indicia, 557 

minimi digit! (foot), 589 
(hand), 656 
poUicis, 549 >> 

accelerator urinie, 
aooessonus ad liio-ouptolem, 
490 

pedis. 589 

adductor brevis, 571 
longus, 671 
inagnus, 572 
obbquus hoUucis, 591 
pollicis, 554 

transversus hallucis. 591 
pollicis, 555 
anconeus, 547 
antitragicus, 1037 
aryepiglotticus, 1068 
aiytenoideua, 1068 
attollens auriculam, 459 
attrahcDS auriculam, 459 
axillary arch, 490 
aiiygos uvulse, 484 
l)iccpH, of arm, 537 
of thigh, 577 
biventi'r eervicis, 497 
brochialis anticus, 538 
braehiii-radialis. 645 
buccinator, 467 
eerviealis asoendens, 496 
chondi'o-glossus, 480 
ciliary, of eye. 1016 
eocoygeus, 521 
compiexus, 497 
ooinpressor naris, 464 
tiarium minor, 464 
urethrae, in female, 528 
in male, 626 

constrictor isthmi faucium,' 
479» 

pharyngis inferior, 482 
medius, 483 
su])crior, 483 
coraco-brachialiS, 537 
corrugator cutis ani, 522 
Huperoilli, 401 
cremaster, 611 

crico-arytenoidcus lateralis, 
1068 

posticus, 1068 
crico-thyroideuB, 1067 
crureus, 569 
deltoid, 034 
depressor alse nasi, 464 
suiguli oris, 406 
labii inferioris, 466 
detrusor urinae, 1197 
diaphragm, 601 •< 

digastric, 477 ^ 

dictator naris, anterior, 464 
, posterior, 464 
tubas, 1042 j 

dorso-epitroohleoris, 492 
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Muscle ok Muscles ( coni .) 
ejaculator urin«. 624 
erector clitoridis, 627 
penis, 524 
spinac, 495 

extensor brevis digitorum, 
687 

pollicis, 548 

carpi radialis brevior. 645 
longior, 545 
ulnaris, 647 
coccygis, 498 
eommuiiis digitorum, 640 
indicia, 549 
longUs digitorum, 580 
poljiicia, 549 
“'minimi digiti, 547 
os.sis mctacarpi pollicis, 
548 

proprius hallucis, 680 
external sphincter ani. 622 
of face, 466 

of femoral region, anterior. 
,*>(*16 

internal, 671 • 
posU'rior, 577 
of fibular region, 685 
flexor accessorius, 589 
brevis digitorum, 688 
hallucis, 690 
miniqii d%iti, of foot,,’i91 
of hand, .'i.'Ki 
pollicis, 554 • 

carpi radialis. 640 
ulnaris, 541 
longus digitorum, 583 
hallucis, 583 
pollicis, 544 

profundus digitorum. 643 
sublimis digitorum, .541 
frontalis 457 
gastroonemius, 581 
genieUus inferior. 576 
superior, .576 
genio-hyo-glo8f.aB. 479 
genio-hyoid, 479 
gluteus maximus, .573 
medius, 574 
minimus, .575 
gracilis, 571 
of hand, .550 
of head and face, 456 
helieis major, 1036 
minor, 1036 
Homer’s, 460 
hyo-gloBSus, 480 
of iliac region, 564 
iliacus, 565 
ilio-coccygeuB, 621 
ilio-cost^s, 496 
ilio-sacralis, 521 * 

incisivus inferior, 467 
superior, 467 
infracostal, 501 
infraspinatus, 536 
intercostal, 500 
internal sphincter ani, 523 
interoBsei, of foot, 591 
of hand, 556 
mtcrspinales, 498 
intcrtransversales, 498 
of larynx, 1067 
latissimus dorsi, 400 
of leg, 579 _ • 

levator anguli oris, 464 
scapulas, 492 
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Musc.'I/E OB Muscles 
levator aid, 519 
glandulie thyrtioideee, 1236 
labii infcrioris, 466 ! 

suiwrioris, 464 
alicquo nasi, 464 
/iienti, 466 
palati, 484 
palpebrre, 461 
pi-ostatae, $20 
levatores costarum, 501 
liiigualis, 481 
longissimus dorsi, 496 
longua colli, 487 
liimbricalos, of foot, 590 
of hand. 556 . 

iiiassetei', 468 
luultitiduH spitiao. 497 
musuulus aucoaaoriiiH nd ilio- 
costalcin, 496 
inylo-hyoid, 478 
obliquus abdominis 
mis, .506 
intiTnus, 510 
auriCFula?, 1037 
capitisiijiferior, 498 
superior, 498 
oculi inferior, 462 
suiierior, 462 
obturator extern us, 576 
internus, 575,, 
occipitalis, 4.57 
uc(;^jiito-frontali8, 466 
omo-hyoid, 476 
opponens minimi digiti, 656 
■poUicis. .5.54 
orbicularis oris, 466 
palpebrarum, 4.59 
of palate, 484 
palato-glussus, jKS* 
paiato-pharyngeiis, 486 
palmaris brevis, .566 
longus, 641 
pec Uncus, 571 
|>ecturalis major, 529 
minor, 531 

of perinocum, .521 . | 

pcroiicus brevis, 685 
longus, 685 
tertius, 580 
pharyngo-gloasus, 480 
of pharynx, 482 
of pinna, 10:i6 
plantaris, 582 
platysma, 471 
popliteuB, 583 
]>ronator quadratus, 544 
tores, 540 
psoas magnus. .564 
jiarvus, .565 

jKoiygoid, external, 469 
internal. 470 
pubo-coccygcus, 521 
pubo-r<x;talis, .521 
pyramidalis abdomitus, 614 
nasi, 463 
pyriformis, 575 
quadratus fern oris, .576 
luuiborum, 617 
menti, 466 

quadriceps extensor cruris, >* 
568 

rocto-cocoygeal, 1155 
rectus p.bdoiuiiiis, 51^ 
capitis anticuB major, 
minor, 486 


Musn.E OB Muscles ( cord .) 
rectus capitis lateralis, 480 
po.sticus major, 498 
minor, 498 

extenms, inferior, internus, 
and superior of eyeball, 

462 

fernoris, 569 

retraliens auricnlam, 459 
rhotiiboidoiis major, 492 
minor, 492 
risorius, 467 
rotatoTOS spiiio!, 497 
salpingo-] iharyngeuB, 485 
sartorius, 568 
scalenus auticus, 488 
medius, 488 
posUcus, 488 ' 
semimembranosus, .578 
seiiiispinolis coUi^497 
dbrsi, 497 

seniitcndinosus, .578 
aerratus magmis, 532 
posticus, inferior, 493 
superior, 493 
of sole of foot. 587 
first layer, 588 
fourth layer, 591 
senoiiil layer, 589 
third layer, 690 
.sulcus, ,582 
sphincter.ani, 

recti, 521 ' 

vagina;. .526 
vesiew, 1197 
spinalis eoUL, 497 
dorsi, 4!Hi 
splerdns, 494 
capitis, 494 
colli, 494* jio. ^ 

■^.’stajiediiis. 1T^6 

steruo-clcido-mastoid, 475 
^ jSterno-hyoid, 470 Mylo-hyoid ar 

I '-•^tmno-thyroid, 476 groove, 2( 

stylo-glossus, 480 ' muscle’, 478 

I stylo-hyoid, 478 ■ nerve, 917 

stylo-pharyngous, 484 , ridge, 2.56 

Bubanconcus, 539 , Myocardium, fi09 

sulHslavius. 532 Myu<;(Bl, 91 

Buberureus, .570 Myology, 453 

BubscM^aris, 534 Myotome, 102 

supiffiwr brevis, 647 
longus, 545 '' 

supraapinatus, 530 
temporal, 409 
tensor fascia: fernoris, .568 
palali, 484 
tarsi, 460 
tyinpani. 104.5 - 
teres major, 536 
minor, <536 

of thigh, 566 | 

tbyro-arytwoidous,. 1068 . / 
thyro-opiglntticus, 

•aw. 


I 


Muscle oe Muscles (conf.) 
transversus perinffii, in 
female, 626 
trapezius, 490 
triangularis sterni, 501 
triceps extensor cubiti, 538 
of tympanum, 1045 
of ureters, 1197 
vastus extemus, 569 
iiiternuB, 569 
zygomaticus major, 464 
minor, 465 

Muscles of^SMression, 470 
of pelvic oStlet, 521 
Muscular fibres of heart, 41, 
610 

jiroccss of arytenoid, 1061 
substance of tongue, 480 
j tissue, 30 
I triangle of neck, 641 
] Muscularis mucosa:, 74 
I Musculi ])apillares of lefi ven- 
I triclc, 609 

! of right ventricle, 607 

pectiiuiti of left auricle, 008 
I of right auricle, 604 

I pubo-vesicalis, 1197 
Musculo-cutaneous nerve of 
arm, 9.57 
of leg, 985 

ihrenic artprjL 665 
iral grotl^lJ^O? 

963 

Muscultis acocHsorius ad ilio- 
Aj^^Icm, 4!)6 
incistvus inferior, 407 
superior, 4t57 
naso-labialis, 467 
susponsorius duodeni. 1142 
Myulencephalon, 119, 811 
Myelocytes, 26 
Myeloplaxes. 26 
Myelospongium, 115 
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486 


thyro-hyoid, '476 
tibialis anticus, 580 
posticus, 584 
of tongue, 479 
trachcalis, 1072 
tracheJo-mastoid, 496 
tragicus, 1036 

transversalis abdominis, 512 
oervicis, 496 

transversus auriculae. 1037 
periniei, in male, 524 


Nails, 67 ..-"V’ .'- 

lunula of,'68’ 
matrix of, 68 
Nares, anterior, 1002 
po»tefi»r, 277 

Nasal ajiorture, anterior,_ 277 
artery, lateral, 633 
of ophthalmic, 048 
bones, 241 
articulations of, 242 
ossification of, 242 
cartilages, 1002 
crest, 242, 246 
duct, 1033 
foss*, 276, 1004 
applied anatomy of, 1008 
arteries of, 1007 
lymphatic vessels of, 770 
, mucc^s membrane of, 1006 
nerves of, 1007 
veins of, 1<K)7 
vestibule of, 1004 
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Nasal groove, 242 
laminae (fmtal), HI 
nerve, 9(H) i 

nerves from Meckel’s gan-| 
glioii, 912 

noleh of frontal, 221 ; 

of maxilla, 242 
process, 221 

processes of foetus, 110 I 

septum, 275 

spine, 221 i 

ani/Crior, 242 
posterior, 25L— 

Niision, 279 ^ \ 

Nasmyth’s membrane, 1101 
Naso'iabialis muscle, 467 ' 

Naso-i)alatme nerve, 914 
artery, 640 

recess. 1005 i 

Naso-pharynx, 1114 I 

Navicular bone of foot, 356 i 

Necik, lymphatic glands of, 
770 

lymphalic vessels of, 772 
muK(fle8 of. 471 
of tooth, 1093 
1 ri .angles of, 640 
veins of, 732 
Neiaton’s line. 428 
Neopalliiim, 125 
Nerve-cells, 44 

of ci^fiiib^r cort||||||||^^^|^ 

of s])inal eoril, 802^ 
Nerve-epithelium cell«||Q 
N<'rve-fibres, 45 ,"fr 
medullated. 45 
noti-medullaled, 47 
of cerebral cortex. 881 
Nerve-roots, anterior, 941 
j)oslerior, 941 
Nerve-traots of cord. 804 
Nervkh. 11 ixtolo<i!i of, 12 
ecrebro-spinal. 47 
devel o]| |ij ^ t>f. 47. 118 
endofleuTium, of, 48 
epineurium of, 47 
fasciculi of, 47 
funiculi of, 47 
origins of, 49 
))eriiieurium of, 48 
|)lexus of, 48 
sheath of, 47 
sjiinal, iji>uts of, 941 
sympath^ic, 49 
termiriallons of, 49 
vessels of, 48' 

Nerves or Nerve, Descri-p- 
tive AvaHtmy ^ . 
abducent, 92(fc 
‘accessory obturator, 974 
ano-coocygeal, 986 
anterior crural, 974 
interosseous, 960 
superior dcptal, 912 
thoracic, 956. 
tibial, 984 
Arnold’s, 935 
auditory, 927, 1058 
auricular, great, 950 
posterior, 925 
of auriculo-temporal, 916 
of vagus, 935 
aurioulo-tempordU, 916 • 
of brachial plexus, 963 
buccal, long, 915 


Nerves or Nerve {fo;‘(.) 
buccal of facial, 92(i 
calcanean, internal. 982 
cardiac, ccivical, of vague, 
930 

of sympalhctic. 992, 993 
thoracic, of vagus, 936 
carol ico-tympanic. 990 
cav<‘mou8, of penis, lOOO 
cervical, anterior primary 
divisions of. 949 
cardiac. 936 
of facial, 927 

posterior primary divi¬ 
sions of. 94,5 

superficial or transverse, 
-.-..950 
ctK-.hlenr, 1058 
ccrvico-faoial, 926 
chorda tymj)ani, 925 
ciliary, Ibrig. 910 ' 

short. 911 
cire imllcx, 9.56 
coccygeal, anterior primary 
division of. 978 
posterioi- primary division 
of, 949 

cochh'ar. 928, 10.58 
coiiimunicans pcronc-i, 984 
tibialis, 981 

I communicant cs hypoglossi. 


iiivm m 

crntaiTantcrior. 974 
deep palmar, of ulnar, 963 
temporaJ, 915 

d«‘iital. anbuitir siijjorior, 912 
inferior. 917 
middle siijM'rior, 912 
()OBteriov iuferi(n'. 912 
de.sccmletiii lyiiogloMsi. 940 
digastric. MOm fai-ial. 925 
' digilal. of median, 962 
' of ladial. 91)5 ^ 

' of ulnar, 963 ■•.- •' I 

of anterior tibial, 984 ' 
of (‘xtei-nal plantar, 984 
of intenial plantar, 983 
of iiiusculo-eutaneous, 985 
dor.sal, of penis, 986 
of dura mater, 894 
mghth cranial. 
eleventh crania]@S|||r‘ 
external cutaneous"of thigh, 
973 . , 

]tlantar, 983 
jioplitcal. 98^ 

p- respiratory, of Bell, 965 
saphenous, 981 
facial,. .922 
fifth cranial, 906 
first craniaL 900 
fourth cranial, 905 
I frontal, 909 

g^^radkmio branch of nasal, 

gastric branches of vagus, 
937 

genito-crural, 972 
giosso-pharyngeal, 930 
gluteal, inferior, 979 • 

6 superior, 979 

great auricular, 950 • 

occipital, 945 
* sciatic, 980 
' ' splanchnic, 993 


Nerves or Nerve (conf.) S 
hiemorrhoidal, inferior, 985 
of heart, 936, 992. 993 
hepatic. 999 
hyjiogloBBal, 039 
ilio-hypogastric. 971 
ilio-inguinal, 972 
incisive. 917 
inferior dental, 917 
gluteal, S)79 
hamioirhoidal. 985 
maxillary. 914 • 
infraorbital. 91 la 
of facial, 925 
infratrochlear. 910 
internal cutaneous, of arm, 
<1.58 

lessi'r. 959 
of thigh, 975 
cakanean, 982 
. plantar, 983 
])opliteal. 981 
intercostal, 966 

• inte?’coHto-humeral, 9(i8 
inU'i'osseous, antewor. 960 

1 j)OrtbTior, Otlfii 
.laeohson’s. 932 
labial. 912 

of ialyrinth. 1058 
lachrymal, 909 

, largo dce.ji i>W.ro8aI, 913 
superficial petro.sal, 913 
laryngeal, external, 9^6 
inferior. 936 
intcigial, !I36 
recurrent, 936 

2 sujjcrior, 936 
least Hjilanchnie, 994 
lesser splanchnic. 993 
lingual. ^ fifth, 916 

of gluas(>tpharyngeal, !(32 
long buccal, 915 
<!iliarv, !)I0 
saplienouH. 976 

■| lumbar, anfeiiov priinaiy 
divisions of, 9fi9 
ixisterior primary divisions 
of, 948 

I lumlio-sueral cord, 978 
I malar l>ratiuh of facial. 925 
of tcinporo-maliir, t) 11 
mandibular, of facial, 92fi 
masseteric. 915 

1 , maxiUary. inferior, 914 
superior, 911 
median, 959 

i^cningeol, of hypoglossal, 
940 

of superior maxillary. 911 
mental, 917 

middle cardiac, 902 • 

cutaneous, 975 
superior dental, 912 
motor-oeuli, 903 

1, niusculo-cutancous, of arm, 
957 

s, of leg, 986 

muBculo-spiral, 963 
I mylo-hyoid, 917 , 

I nasal, of ophthalmic. 909 

, • from Meckel’s ganglion, 

914 

• of superior maxillary, 912 
naso-palatinc, 91A 

ninth cranial. 930 
obturator, 974 
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Nkrvgs or Nrbviii ( cont .) 
obturator, acacasoiy, 974 
occipital, great, 945 
small, 960 

of third cervical, 945 
uBBophageal, 937 
olfactory, 900 
ophthalmic, 908 
optic, 901 

orbital, ,thov relation, in 
cavernous sinus, 

921 

in orbit, 921 
in sphenoidal fissure, 
921 

of superior maxillary, 911 
palatine, anterior or large, 
914 

middle, 9*4 . 

posterior, 914 

palmar cutaneous, of mt-' 
dian, 960 
of ulnar, 962 
l>al(>ebral, 912 

para in*»rmedia of jy’ risfltlrt*g; 
922 

l)erforating cutaneous, 985 
perSfiCal, 986 
suiierficial, 986 
peroneal, 984 _ 

petrosal. dtCp,,lffl!ge, 913, 
990 

rjSmall, 990 

supi-rficial, extern&l, 992 
largo, 91.‘t 
• sin^, 1046 

.pharyrfgeal, of glosso-pharyn¬ 
geal, 932 ■ ' 

of Mepje^’s ganglion, 914 
of pndtIlfIMMtoio, 935 
of 992 4„,„ 

plantar, external, 9igi 
internal, 983 
puoumogastric, 933 
popliteal, external, 984 
internal. 981 
posterior auricular, 025 
scapular, 965 
superior dental, 912 
tibial, 982 
pterygoid, 916, 916 
pudendal, inferior, 980 
pudio, 985 

pulmonary, from vagus, 936,, 
937 

radial, 964 i 

rami oommunioaiites, 943 
recurrent laryngeal, 936 
of inferior maxillary, 914 < 
re«piratory, external, 955 
to rhomboids, 955 
roots, 941 
sacral, 978 
plexus, 978 

saphenous, long or internal, 
976 

^Mtt or external, 981 
souilic, great, 980 
small, 979 
second craitiol, 901 
seventh cranud, 922 ■ 
short ciliary. Oil 
sixth cranim, 920 
small ocuipit^, 950 
sphono-palatino, 012 


Nek\ ks OR Nerve ' Neural groove, 8S 

spinal, 941 ^ . tube, 88 

anterior primary ^isions. NeUrenterio canal, 
of, 949 Neurilemma, 46 

posterior primary divisions Neuroblasts, 47, 116, 794 


of, 945 
spinal accessory, 937 
splanchnic, great, 993 
least, 994 
lesser, 993 

stylo-hyoid of facial, 925 
to subclavius, 055 
suboccipital, 946, 949 
subseapular, 9.56 
superficial cervical, 9.50 
-superior cardiac, 992 
gluteal, 979 
laryngeal, 93(» 
maxillary, 911 
nasal, 914 
sup^fatyiculor, 9i)1 
sa^ojAtal, 909 
. su£)rat^ptflar. 955 
supratrochlear, !M)9 
sympathetic, 988 
of tasto, 1(K)2 

temporal, of auriculo-tcm- 
poral, 916 

deep, 915 ‘ ' • 

of facial, 925 
laydle, 915 

‘ of wart^jasitr, 911 
temjmro-faoud, 925 
tcmporo-malar, 911 
tenth cranial, 933* >. 
third cranial, 903 
thoracic, anterior primary 
diviytoiu) of, 9(!(> 
iwsterior primary divisions 
of. 048 

exh-rnal anterior, 9.50 
«*> - internal anterior, 950 
{.hyro-hyoid, 941 
thyroid, 992 ^ ^ 

tibial, asterior, 984 ' ' 
IJosterior, 982 
of tongue, 1107 
tonsillar, 032 
transverse cer\ ieal, 9,50 
tafaeial, 9U(i ' 

t^hlear, 905 
twelfth cranial, 939 
tympanic, of facial, 925 
of glosso-pharyngcal, 932 
ulnar, 962 
collateral, 963 - 
uterine,. lOOty " 
vaginal, 1000 
vagus, 933 
vestibular, 1058 
Vidian, 913 
of Wrisborg, 969 
Nervisacrvoruni, 48 


Negrooentral synchondrosis, 
195 

Neuroglia, 43 
of cord, 800 
Ncuroheratin, 46 
Neurology, 794 
Neuroraeres, 797 
Neuro-iuusoular spindles, 52 
Neuron theory, 64, 794 
Neurons, 794 

Neuro-tendinous spindles, 52 
Nidus avis cerebelli, 829 
Ninth nerve, 9§0 
Nipjile, 12.32 
Nish's granules, 45 
Nodes of Banvier, 46 
Nodule of cerel)dlum, 829 
Non-modullalcd nerve-fibres,45 
Normas of skuU-— 
basalis, 262 
frontalis,'968 
lateralis,,265 
uccipitadis, 268 
verticalis, -261 , 

Normoblasts, 28 1 

Nose, 1002 

accessory sinuses of, 1008 
applied anatomy of, 1008 
arteries of, 1003 . 

cartUage of septum of, 1003 
development of, 110 
fossa: of. 276 * 

lateral eartilages of, 1002 
mucous incmlirane of, 1006 
muscles of, 463 
nerves of, 1003 
outer, 1002 
veins of, 1003 
Notidi, cotyloid, 326 
ethmoid^, 222 
iutcroon<^ioid,JI 
lachrymal, 2^3 
nasal, 221 
, popliteal, 344 
pmsternal, 204 
pterygoid, 236 
sacTo-soiatic, great, 324 
simdl, 324 
sigmoid, 258 
spheno-palatine, 2,52 
supraorbital, 221 
suprnseapular, 292 
supraatorned, 489 
.thyroid, 1060 
i Notohes, oereLdlar, 826 
intervertebral, 183 
Notoohofd;'89 
Nttck, canal of, 174, 1225 


Nervous system, development* Nuclear layers of retina, 1021, 


of, 116 
.4e8oripti|kii of, 794 

Nervous Tissue, Histology 
i>/,42 

Nervus furcalis, 970 
jugularis, 992 

Neumann, dentinal sheath of, 
1097 

'Neural arch, 183 
canal, 89 
crest, 89 
folds, 88 


1022 
' membrane, 4 
substance, 4 

Nucleated sheath of Schwann, 
46 

Nuclei of auditory nerve, 825, 
928 .fe 

cochlear, 825 
of cranial nerves, 900 
of fifth riferve, 824, 844 
of glosBO-pharyngeal and 
vagns nerves, 819 
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Nuclei, olivaifr, 819 
of origin of motor nerves, 900 
pontis, 824 

of sensory nerves, 900 
of termination of sensory 
nerves, 900 
of third nerve, 903 
vestibular, 825 
Nuclein, 4 

Nucleoli, 4 . 

pseudo-, 4 
true, 4 

Nucleo-protein, 7 
Nucleus anibiguus, 819 
amygdalae, 873 
arcuatus, 821 
of Bechterow, 825 
caudatus, 871‘ 
of a cell, 4 

of Darkschewitsch, 849 
of Deilers, 825 
ilcntatus of ccrebeUiini, 834 
ouiboltforinis, 834 
of the facial nerve, 825 
fasligii, 834 

of the fourth ^rve. 844 
globosus. 834 ^ 
inferior centnri, 821 
..intorcalalus, 837 
^lateralis, 821 
lunticularis, 872 
lentis, 1021* 
of Luys, 850 
olivary, accessory, 810 
inferior, 819 

of posterior commissure,,.849 
longitudinal fasciculus, 
841 

pulj> 0 Hus, 374 
red, 840 
restitim J 

' ofBjit4!2l 
-ItSwi^WStilling, 834 
segmentation, lirst, 84 

nerve, 825 

dPWnHRE n6rve, 825 
of the spinid accessory nerve. 
819 

superior olivary, 824 
trapezoid, 824 
of tli<! twelfth nerve, 818 
, of vagus, 819, 933 
•NUel, space of, 1057 
-Kuhn, glands of, 1106 
Nutrient artery of bone, 26 
Nutritive fluid!), 7 
yolk, 79 ' ^ 

Nymphee, 1231 


Obliquos capitis, inferior; 498 
suj^ior, 498 
ooulWnferior, 462 
Bu^rior, 462 
Obturator artery, 700 
peculiarities of, 700 
relation of, to crural ring, 
700 

externus muscle, 576 
foramen, 326 
intemus muscle, .575 
fascia of, 517 
lymphatic gland. 779 
membrane, 575 
nerve, 974 
accessoiy, 974 
vein, 757 

Occipital arU'ry, 634 
bone, 214 

articulation8‘of. 217 
ossiliefftion of, 217 


structure of. 21'! 




Obelion, 279 
Obex, 836 ' 

Oblique inguinal hernia, 1159 
coverings of, 1159 
ligament, 414 
line of the fibula, 347 
of mandible, 255, 256 
of radius, 306 
of tibia, 344 
ridge of clavicle, 287 
ulna, 304 

sinus of pericardium, 600 
ObUquus abdominis externus, 
506 • * 

intornus, 510 
aurioule, 1037 


oi'csts, 215, 216 
fissure, transverse, 860 
fossa*, 215 
groove, 225 
lobe, 860 

lymphatlc^laiids, 707 
nerve, great, 945 f 

small, 950 * 

1 >oint, 23f 

protuberanc^ external, 214 
internal, 215 
sinus. 1^ 
sulcus, mti-ral, 860 
transverse. 860 
triangUi of neck. 640 
vein, 731 

Oucipito-atlaiital artioulalion, 
380 

))cci))itn-uxia] articula.(ioTi, 39^ 
Oecijiito-froutal fasc kudus, 87ft 
Occipito-fronlalis musi-le, 4.50 
, Occiplfo-mastuid suture, 274 
(Iceipito-teiiijioral convi>lution, 
861 

i Oculo-motor sulcus, 838 
a Oculo-nasal .sulcus. 111 
'^Idontobla.sts, 1101 
I Odontoiil ligaments, 382 ^ 
process of axis, 186 
I QSsuphageal arteries, 662; 684 
I glands, 1118 

I nerves, !)37 

0 [K!ning in diap^gm, 503 
i plexus,-OS? * - 

(Esophagus, 1116 
appUfM anatomy of, 1118 
lymphatic vessels of, 793 
structure of, 1117 
Olecranon fossa, 298 
process, 301 
Olfactory areas, 110 
bulb, 804 
structure of, 983 
cell(s'.1007 ■ ' 

fasciculus, 875 
foramina, .238 
hairs, 1007 

lobe, 803 , 

nerves, 900 

applied anatomy of, 901 
development of, 128 
pits, 110 
sulcus, 859 


Olfactory tract, 864 
Olivary bodies of medulli 
omongata, 813 
eminence, 232 

nucleus, dorsal accessoiy, 811 
inferior, 819 
mesial accessory, 819 
superior, 824 
peduncle, 819 
Olive, peduncle of, 819 
Omoiituin, gastfo-cdlic. 1127 
gastro-hepatic, 1128 
gastro-splcnic, 1128 
groat, 1128 
small, 1127 

Omo-hyoid muscle, 476 
Ontogeny, 77 
Oocytes, primary, 78 
Bt'-copdary, 80* 

(filing of aorta in left ven- 
triole, 609 

aortic.dn diaphragm, 503 
caval, in diaphragm, .503 
-laicoronary sinus, 
of Inhifior cava, 604 
left auriculo-ventricular, 009 
ce.sophagciU» * in diajdvrogni, 
.503 

•* of pulmonary arleiy. 606 
vcin^||608 • 

righfc'* *ailriculo-ven(ricular, 
'• 606' 

saphefrofis, 568 * 

of superior cava, 604 
of th)*rax? lower, ,598 
upper, 598 

Operoula of the biHul.!, 862 
Ophryon, 279 
Ophthalmic ajSMKiM? 
,fanglion, 
nerve, 908 
vein, 741 
Ojiisthidii, 279 

Opisthotic centre of temporal 
hone, 231 

Opponens minimi digiti muscle, 

5^6 

pollicis muscle, 5.54 
Optic axis, 1011 
i ohiasma, 851. 901 
! commissure, 851, 901 
cup, 128 
disc, 1020 
foramen, 2.32 
groove, 232 
nerve, 901 

I applied anatomy of, 903 
radiations, 848, 852 
recess, 853 

stalks, 122 • 

thalamus, 845 
' tracts, 852, 901 
vesicle, 122 
Ora serrata, 1024 
Orbicular ligament, 413 
. Orbicularis oris muscle, 466 
palpebrarum muscle, 4|i6 
Orbioulus clliaris, 1016 
I Orbit, 270 
, Ulusclcs of, 461 

relation of nerves in, 921 
•Orbital convolutions, 859 
fascia, 463 
nerve, 911 
operculum, .862 
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Orbital 221 

procow) of malar, 248 
of polaUt, 252 
Hulcus, 859 
OrbiUlia muscle, 46.*( 
OrbitU'SphenoidH, 235 
Organ of Corti, 1055 
enamel, 1101 
of (iiralden, 109, 1211 
of Oolgi, 52 
of hearing, 1034 
of iloHeiiiniiller, 109, 1220 
of sight, IflJO 
of Hinell, 1(H)2 
Organs oi digestion, I08K 
external genital, of female, 
1230 

of .laeobson. 112, 1(KJ5 
reproductive, of female, 1218 
of male, 1203 
respiratory, 1059 
of s|teeial semse, 1(K)1 
of taste. 1001 

< )riti(ie. aurieulo-ventric'ulai. 
ri(t;ht. 000 
left, 009 

cniiliac, of sfomaf;li, 1133 
pharyngeal of Mustueliian 
tube. 1114 

pyJorie, of stoiniu'h, 1133 
iirethral, 11«8 
vaginal, 1231 " 

Orilices of ureters, 1198 
Origin of lympliaties, til 
of miisi-les. 454 
ot nerves. 49 
Os aee1>alnili, 327 
caleis, 349 

oHsitientioii of, 302 
eordis, 010 
ineisivinn, 24l> 
innominatiim, 320 
1ingun>, 200 
miigniini. 3M 
orlneulare of ineiis. 1044 
planum of lOhiuoid, 239 
trigimiiMi, 355 
uteri extevnus, 1224 * 
iuleriius, 1223 
Ossg ci'ivuii. 214 
faeiei, 241 
tri)|ueli'a, 240 

Ossicles of tymjianiim, ltM3 
development of, 134 
ligaments of. 1045 
Ossilicution. iiitraeartilagiiious. 
31 

inlraincmbraiious, 30 
Ossification of atlas. Ithi— 
axis, 190 
»■ edaviele. 288 
coccyx, 198 
I'thmoid, 240 
femur, 339 
liluila. 349 
foot. 302 
frontal, 223 
hand. 319 
humerus. 2il9 
hyoid, 201 

inferior turbinated. 254 
laelirymal. 248 
lumbar vertebiw. 197 • 

inaliir. 250 
mandible, 258 
maxilla. 247 


Ossiffoatioti, nasal, 242 
occipital, 217 
os innoiuinatii!^ 326 
palate. 2.53 
]iarietal, 219 
patidla. 342 
rarliiis. 307 
ribs, 210 
sacrum, 197 
seajmla, 294 


Palate bone, horizontal plate 
of. 260 

orbital process of, 252 
ossiOcation of, 253 
.sphenoidal praoess of, 262] 
vertical plate of, 251 
development of, 111 
hard. 1091 
muscles of, 484 
soft, 1091 


si'veiith cervical vertebra, I Palatine ajioneurosis, 484 


197 

spbimoid, 23ti 
sti'i-num. 20fi 


artery, ascending, 032 

of ascending phaiyngeal, 
ti3ti 


temporal, 230 
tilua. .340 
ulna, 305 

\erteiiial column. 195 
vntuer, 2.7.5 
Osteoblasts, 2.7 
Ost4'Oclasts, 20 ‘ 

t>'t(S)dentitu', 109!t 
(Vtcogi'iietii- libres, 3tt 
Osteologj'. 181 

ttstiiiin alsloniinale of Pallo- 
(liaii til lie, 1221 
prinium of heart, 139 
scs-iiruliini of iK'art. I4tl 
Otie ganglion, 917 
V4‘si<ile. 133 

Oloeonia or otoliths. 1053 
tlutlet ot pclvLs, 329 
ttva, iirimitive, 172 
t)val ana of Mis-hsig. 808 
bundle, 117 
Ovarian arteries, 095 
fos.vH, 112,7, 1218 
|)le\usir)f ncr\es, 999 
veins, 700 
Ovaries, J2I8 
develojmient of. 172 
tiiiuitian follicles of. 1220 
ligaments of, 1218, 1219 
lympbatie ves.si'ls ot. 78tl 
stroma of, 1220 
tuiiiea altmginia of, 1220 
vessels and nerves of. 1221 
Ox leapsule of Oraaliiui follicle. 
1229 

Oviducts, 1221 
Oviila Mabolhi, 1228 
0\ mu. .3, 78 
eov erings of, 79 
tliseliarge of, 1221 
fiTtilisation of, 83 
germinal sjiot of, 78 
vesicle 79 
maturation of. Til 
segmentation of, 84 
structure of. 78 
yolk of. 79 
zona |K‘llik-ida of, 79 
0.\ynti<; cells. 1138 
glaiuls, 1138 


I’acchioniivu depressions, 218, 
221 

biMlies. 898 

Pacinian curpiiscles. 51 
Pad. latropubie, 1]!I4 
Palatal processes of foetus, 111 
process of maxilla. 245, 
Palate, arches of. 1091 
bone, 250 

articulations of, 253 


tlescending, t)4() 
canal, ]io.sterior, 244, 251 
accessory. 252 
fossa, allterror, 240 
nerves. 913 
veins, inferior, 730 
Palato-glossuH muscle, 485 
Palato-jiharyngeus. 485 
Palmai arch, dts'p, 070 
■superlieial, tt8l 

surface iiiarkiiig of, 082 
cutaneous nerve, of median, 
9fK) 

of ulnar. 902 
fascia. 5.72 

interossei arteries, 078 
ner\ <‘, dee]), of ulnar. 90.3 
superlieial, 903 
] veins, deep. 747 
J’almaris brevis muscle, 550 
longus niusele, ,741 
I’alpebrie, 102tl 
I’alpebral arterii 047 
ligaments. 10,30 
iiiuseles, 4.79 

iier\<-s from su|M.‘rior maxil¬ 
lary. 912 

veins, inferior, 730 
supei'ior. 729 

i’aiiipiiiiforni plexus of veins. 
75i* 

Pancreas, 1175 

afiplied anatomy of. 1179 
dcveliipmeiit of, 11)5 
lyiiij)batic vessels of. 787 
structure of. 1179 
surface relations of, 1179 
M'ssels and nerves of, 1179 
Pauei'i'atic arteries, 090 
duet, 1178 , 

' aeceasory, 1178 
plexus of nerves, 999 
veins. 702 

Pauereutioa iiiagiia artery, OtIO 
Paucroatico-duodenal artery, 
iuferior,*091 
.suj)erior, 690 
lymphatic glands, 784 
(ilexus of nerves, 99f) 

Papilla spiralis, 1055 
Pajiillw laerimales. 1032 
of kidney. 1184 
of skin, 07 
of tongue, 1104 
of tooth, lllHI 
Papillarv layer of skin, 01^ 
Paraoenftai lobule, 859 ^ 

Paracliordal cartilages, 100 
Paialinin, 4 

Pitrallel i^ria; of Ketzius. 1098 
sulcus, 801 

■ Paraniastoid process, 216 
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Paranophric body, 1183 
Paranucleus, 1179 
Paraplasm, 4 .y 
Pwsareot^ lympItatK glands, 
■784 

fossa, 1123 a 

Parathyroid glands, 1237 
dovelopincnt of, 153 
Paravesical fossa, 112B 
Paraxial mesoderm, 00 
Parietal bone, 218 

articulations of, 220 
development of. 107 
emiuenoc, 218 
foramen. 218 
ossiticatlon of, 210 
cells of gastrio'glands. 1138 
lobe, 850 

convolutions of. 880 
veins, 14<! 

Parieto-colic fold, 1132 
Parioto-niastoid suture, 200 
Parieto-occipital fissme, 857 
Parieto-U'inpornl artery, 052 
Parolfactory area, 804 
Paroophoron, 160, 1220 
Parotid duct, 1110 
faseiji, 473 
gland, 1108 

accessory portion of. 1100 
a))p[lcd anatomy of, 1113 
tierves of, 1110 
structure of. 110!) 
vessels of, 1110 
lyinpliatic glands, 768 
Parovarium 1220 
Pars basalis, 850 

ciliaris retinee, 1016, 1020 
externa, interna, ct media 
of auditory canal, 1038 
tiaecida of motiibranii lym- 
jiani, 1043 

inb rineilia of tt'rislierg. 922 
iridica relinm, 1018, 1020 
laryngea of pharynx, 1115 
mamiliaria hypothalami, 123 
mombranacea septi, 600 
irasalis of pharynx, 1114 
optica hypothalami, 123 
oralis of pharynx, 1114 
orbitalis, 8.50 
triangularis, 859 
Parunil)iliu(4 veins, 76‘t 
Patella, 341 

applied anatomy of, .‘{l.'i 
articulations of, 342 
movements of, 437 
ossiftcation of, 342 
structure of, 3441 
surface form of. 342 
Patellar ligaments, 430 
])lcxu8. 073 

Pavement epithelium. 12 
P€>ct.ineua muscle, 571 
Pecliniform septum, 121.3 
Pectoralis major, .520 
minor, 531 

Poouliar thoracic veriebrte, 

188 

Ptxmliaritics of foetal heart, 148 
Pedicles of a vertebra, 18!) 

IVd uncles of cerebellum. 830, 
831 • 

of the olive, 819 
Pelvic colon, 1153 
diaphragm, 617 


Pelvic diapliragm. fascia of, 517 
faao»'?1S'»7 
girdle, 25!) 
me.six-ulon. 1129 
plexuses. 10(K) 
portion of sympathetia cord, 
006 

Pelvis. 327, 1121 
appliinl anatomy of, 331 
arteries of, 608 
articulatinos of, 3j)3 
axes of, .320 
boiitiJaries of, 327 
brim of, 327 
oavitv of, 328 
falac-,'327 
in foitus, 331 
inlet of, 327 
of kidney, 1101 
hgaincntreof. 360 
lymphatic glands of. 778 
vessels of. 781 

male and female, dilTei’cnces 
between, 32!) 
mechaiu in of, 3!)7 
outlet of, 320 
position of. ,320 
surfaue form of, 331 
true, 327 
Penis. 1212 

applied anatomy of, 1215 
body of, 1214 
eoivma glandis, 1213 
corpor.i envernosa, 1212 
corpus Mpi mgii lauin, 1213 
urura of, 1212 
dorsal arl^-ry of, 703 
veins of. 7.57 
extremity of, 1214 
glans, 1213 
IKTVI'S of, 08(1 

jii'epiK e or foreskin ol, 1211 
root ol, 1213 

siiptum pectiniforine of, 1213 
structuri- of. 1214 
.suHpen.sory ligament, 1214 
Pcnmforiu imiael.', 453 
Perfornteil spiuie, anterior, 864 
^Misterioi, 838 

Perforating arteries, of hand, 
678 

from internal inatninaiy, 
665 

from plantar, 726 
from jirofunda, 714 
cutaneous nervOaOSS 
lihres of .Sharpey, 20 
Perforator of sjicrmatorxsin, 81 
Porieardiao arteries. 664, 684 
Pericardial area, 87 
Pericardium, applied anatomy 
of, 600 

doi'clopinent of, 150 
diverticula of, 000 
libroas, .500 
nerves of. (W)0 
oblique sinus of, 000 
relations of, 598 
serous, 600 
structure of, 599 
transverse sinus of, 600 
vessels of, 600 
vestigial fold of, 600 
Periohondrium, 21 
•Perilymph, 1061, 10.57 
Porin]yaium,^36 


Perinmitm. boumlaries of, 621 
oentral tendinous point of.S 
524 

lymphatic vessels of, 781 
muscles of. ,521 

Perineal artery, superlieial, 701 
transverse, 702 
bt>dy, 11,5,5 

hraneh of fourth saeral 
nerve. 086 
nerve, 086 

superlieial, 086 
Perineurium. 48 
Periosteum. 2,5 
internal, 25 

Peripheral end-bulbs. .50 
oigaiis. 40 

termination of nerves. 40 
Pwisclerolie lymjih spiu’O, 1011 
Peritoneal ea\i1y. 1122 
Peritoneum, aliiiwhed .surfiuto 
of. 1121 

foramen of Winslow. 1127 
friH! surface of, 112h» 
gmvb'r sac of, J122 
horisonlal disposilion of, in 
lower abdomen, 1125 
in upper abdomen, 1126 
in |K’lvis, 1125 
h'ssi'r sac of. 1422 
ligaments,^ 127 
mesi-nteries. 1120 ^ 

omenia, 1127 

lianetal jMirlion of, J12I ' 
vi'rticnl disposil ion of greater 
Rite, 1122 
of IcHsi'i' sue, 1124 
visceral jMirtion of. 1121 
Permanent cartili^;e, 21 
teeth, 1004 
developiiienl of, 1102 
Peroneal arh-ry, 723 

peculiarities of. 724 
anterior, 724 
IxisUTior, 724 
nerve, 084 
se|)Ui, ,570 
tubercle, 352 

Peroneus brevis muscle, 68,5 
longiis muscle, 585 
tertius muscle, 580 
Perjiendiculnr fasciculus, 870 
lino of ulna, 3tH 
plate of ethmoid, 230 
Pea anscrinns, 023 
or cruata of crus cerebri, 830 
hippocampi, 870 
Petit, canal of, 1025 
triangle of, 402 
Potro-mastoid portion of tem¬ 
poral bone, 220 
Potro-occipital suture, 274 
Petro-sqiiamoiis sinus, 740 
suture, 227 

Petrosal nerve, largo super- 
Hcial, 013, 024 
largo deop, 013 
small superficial, 1046 
process, 2^ 

, sifius, inferior, 742 
superior, 742 
4’etrous ganglion, 032 

portion of tempo||il hone, 
227’ 

Peycr's glands, 1146 
Pfliiger, egg tubes of, T221 

4 N 



Phalanges of cochlea, 1057 
of foot, .%1 
oBgilicafion of, 3C2 
of hand, 318 
osairication of, 319 
Pharyngeal aponeurosis, 1115 
artery, ascendiitg, 636 
nerve, from external laryn¬ 
geal, 936 

from glosso-pharyngcal, 
932 

from Meckel’s ganglion, 
914 

from sympathetic, 992 
from vagus, 935 
orifice of Kustachian tube, 
1114 

plexus of nerves, 992 
septum, 151 

tonsil. J114 ■ ^ ' 

tubercle. 217 * 

veins, 734 

PJiaryngu-glossus muscle, 484 
Pharynxnlll3 
aponeurosis of. 111 5 
applied anatomy of, 1110 
! development, of, 155 

I lym))hatic vessels of, 772 

mucous membrane of, 1115 
I muscles of, 182 
Philtrurn, 467 

. Phrenic artery, superior, 685 
inferior, 695 
nerve, 953 

plpxns of nerves, 997 
’ vein, superior, 748 
inferior, 760 

. Phtenien-e,osia\ siuvis, 1077 
Phrcnico-nericardiac ligament 
of Touttelmn, 7.58 *' 

Phreno-coUc. ligament, 11.53 
Phylogeny, 77 
I’ia mati-r, 898 
Pigment, 35 
of iris, 1018 
of skill, 66 

Pigmentary layer of ?ctina, 
1623 

I’igmetiled coiiniHjtive- tissue 
cells, 35 

epithelial cells. 35 
Pillars of exicrnal abdominal 
ring. 508 
of fauces, 1091 
Pineal body. 849 

itcvi'lopmont of, 123 
st iiie of, 854 
structure of. 84t> 
eye of lir.ards, 849 
rpccss. 123 
Piiiiia, 1034 
development of, 131 
ligiiments of, 103ii 
lymphatic vessels of. 769 
muscles of, 1036 
nerves of, 1057 
ves-sels of, 1037 
* Pisiform boue. 313 

Piso-metncarpal ligaineiit, 418 
I’iso-iincimite ligament. 418 
Pit of the stomach, 212 
Pits, olfactory, 110 
Pituitary body. 851 
artefics of, 646 
development of, 155 
lobes of, 851 
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Pituitary fossa, 232 
Pivot-joint, 370 ► 

Placenta, 99 , 

circulation through, 101, 614' 
cotyledons of, 101 
fcotal, 99 
Tuatornal, 100 
separation of, 101 
I'laccntal circulation. 101, 614 
Plane, infracostal, 1119 
intertubtiroular, 1119 
transpyloric, 11 19 m 
P lantar arch, 725 
arb'ry. external, 725 
internal, 724 
fascia. 587 
liganienis, 446 
nerve, external, 983 
internal, 983 
vein«. external, '54 
• internal, 754 
Plantaris muscle, .582 ,. ■ 
Planum nuchalc, 215 
occipitalc,^ J 4 
Plasma, 10 
cells, 15 

Plasinudioblast, 86 
Plate or plates— 
cribriform, 238 
eUimoidal. lOti 
perpendicular, 239 
pterygoid. 236 
tarsal, 1030 
Platelets of ^lood. 9 
Platysma, 4’71 . 

Pleura)* 1074 

applied anal.oniy of, 1077 
^ cervical, 1075 
‘'Costalis, 1075 
development of. 167 
dia\)hragmatic, 1075 T, 
lymphatic vessels of, 793 
mtsliaslinal, J075 
[tulinonalis. 1075 
retlctit.ions ot. traced. 1075 
vessels and nerves of, 1077 
PlnKiforiu layers of retina, 
1021 . 1022 ' 

1‘LKXUS OF ,\KI(VK.S, 48 

aortic, thtO ' 

braeliial, !l.>3 
eardiae, !)9I» 
carol hi. 990 
cavernous, 990 
cervical, 5149 f 

posterity. i>4li 
coccygeal. 986 
cteliiu', 999 

of cornea. intraepithelial, 
1014 

subc]>ithelial, 1014 
ooronaiy, 997 
cystic, 91)9 

epigastric or solar, 997 
of Kxuer. 881 
gastric, 999 
gastro-diUMlenal, 999 
gastro-epiploic, S)99 
lianiiorrhoidal. inferior, 1000 
superior. 999 
he(Hitio, 999 
hypogastric, 999 
infraorbital. 912, 926 
lumbar, 970 
luiiibu-saeral, 969 
iiiesenterio, iuferuir, 999 


Plexus op Nerves ( eont .) 
mesenteric, superior, 999 
oesophageal, 937 
ovarg^n, 999 
pancimlic, 999 
pancroatico-duodcnol, 999 
patellar, 973 
pelvic, 1000 
phaiyngeal, 992 
phrenic, 097 
prostatic, 1000 
pudendal, 986 
pulmonary, 936, 937 
pyloric, 999 
renal, 998 
<■, sacral. 978 
solar. 997 
sjiennatlc, 998 
* splenic, 999 
subsartorial, 976 
superficial cardiac, 996 
suprarenal, 997 
tonsillar, 9.32 
tympanic, 1046 
uterine, 1000 
vaginal, l(KK) 
vesitsal. 1000 
Plica cpigastrica, 11.59 
fimbriaia of tongue, 1104 
gubematrLx, 173 
hypogastrica, 11.59 
laerimaUs of Hasner, 1033 
sal]>ingo-palatina, 1114 
salpingo-pharyngea, 1114 
seiniluiiaris, 1031 
triangulaiis, 1115 
uraebi, 1169 
vascularis, 173 
vesicalis transversa. 1125 
Plicai iiveterica;, 1198 
Piieumogastnc nerve, 933 
applierl anatomy of. 937 
Polar liodies. 80 
1‘oles of eye. 1011 
of lens. 1025 

1 *ol ymorpht m uelear leuco- 
<yle.s, 8 
Polyspermy, 84 
I'oniiim Adnnii, 1060 
Pons lu'palis, 1167 
Varolii. 822 

applied anatomy of, 825 
development gf, 120 
sli'iicturc of. 823 
Poiiticulns of ]unna, 1036 
Pontine Ilexure of embryonic 
brain. 119 

Ptiplilml artery. 716 

applied anatomy of, 717 
lirancbes of, 717 
peculiarities of, 717 
surface marking of, 717 
ljunthatic glands, 775 
nerwi, external. 984 
internal, 981 
notch. 344 
space, 715 

surface of femur, 336 
vein, 755 

Popliteus muscle. 583 
Pore, gustatory, 1001 
Portal canals, 1168 
ItBsure, il67 
vein, 760 

- applied anatomy of, 763 
development of, 145 



Potas optioua, 1020 
‘ FoBt-allantoio ^ut, 162 
PoBt-anal gut, 162 
Poat-branchial bodies, 155 
Post-central fissure, 827*' 
lobe of insula, 862 
sulcus, 859 

Post-clival fissure, 8|J7 
Post-glenoid process, 224 
Post-gracile fissure, 829 
Post-nodular fissure, 828 
Post-imrietal convolution, 860 
Post-pyramidal fissure, 829 
Post-sphenoid part of sphenoid, 
2.17 

Posterior an n idar ligament,-551 
auricular artery, 63.5 
basal column, 804 
cervical ])l(*xua, 946 , 

chamber of eye, 1017 
choroidal artery, 661 
clinoid pi-ocess, 232 
coiinnissure of brain, 840 
nucleus of, 849 
common ligament, .173 
eommunicatiiig arUry, (’>52 
cornu of lateral ventricle, 
807 

crescentic lolie, 827 
inferior cerebellar artcT-y. 661 
internal frontal artei-y, 649 
interosseous artery, 681 
nerve, 96.5 

longitudinal fasciculus, 841 
median (issim- of cord, 798 
of uu-dulla. 812 
. m(>diastinum, 1079 
Tiervi- root. 941 
perforaKid sjiace, 8.18 
j>i-imary divisions of cer\-ie.Tl 
nerves, 94.5 

of ein-( ygeal ni-i v e, !>4!t 
of lutidiar nerves trt.S 
of sacral nerves, 91!( 
of ihoraeic iier\es. '.tlS 
pulmonary iilevus, 937 
s(;apular arU-ry, 66.1 
nei've, 95.5 
thoracic ner\ e. 9.5.5 
tihiid arU-rv. 722 
tier\c, 982 
triangle of neck, l>43 
vesicular coluinii. 803 
I'oslero-infeflor lohe. 829 
Postero-lateral ganglionic aite-. 
lies, 6(il 

I’ostcro-median ganglionic arte¬ 
ries, 6fil 

I’ostero-sujMTior lohe. 827 
Pott’s fi'acturc. .5!#! 

Pouch of IKmglas, 1124, 1225 
of I’riissak. 1(46 ,, . 

of Kathke, 155 , 

recto-vaginal, 1124 
recto-vesical. 1124 
Pouparfs ligament, 509 
Pncpuliuin clitoiidis, 1231 
Pri’aiuicular )K>iiit, 281 
Precentral convolution, 8.58 
fissure, 827 
sulcus, 8.58 

Prochordal portion of base of 
foetal skull, loti ^ 

Preclival lis.sure, 827 * 

Piticuneus, of lirain, 860 
Prcma.xilla, 246 


INDEX 

Premolu teeth, 1095 
Preoliv^^ sulcus, 812 
PrepaWlmr ^mrsa, 570 
Prepuce, 1214 
of clitoris, 1231 
development of, 177 
Prepyramidal fissure, 828 
Presphenoid part of sphenoid, 
237 

Presternal notch, 2(4 
Prestt'mum, 203 
Pretracheal fascia, 473 
Prevertobrol arteries, 636 
fascia, 473 
Prickle cells, 15, 65 
^ Primary areolte of bone, 32 
cephalic lle.vure. 119 
cerebraPvesicles, 89 
f oooyfes. 78 

spermatioc^tcs, 82 ' 

Primitive alimentary carAil, 92 
amniotic cavity, 86 , 

aoftlb, 135 
aortic stem, 140 
auricle, 139 ^ "*■ 
ectoderm. 85 
fibrillte of Schultze, 46 
groove, 8(i 
jugular veins. 146 
ova, 172 
stamen ts, 91 
sheath of norve-fibre, 46 
siierm-ceUs, 173 
.streak. 86 

venti-icdc of heart, 140 
vertebral bow, 103 
Primordial cranium, 10^ 
ova. 1221 , J 

I’rinoeps cervicis arfej^’, 6.14 y* 
fiollicis arO-ry. <)77 
Pioainnion, 87 

I'lKMJf is-'-S OK I’lIOCK.ss - 
.acecssmy, 191 
acroniion, 292 
uiar, 23(1, 
alveolar. 24.5 
angular, external, 221 
internal, 221 '* 

articular, of vcitcbra', 183 
basilar, 216 
ciliary, 1016 
clinoid, anterior, 2.'1.5 
middle. 232 
|)os(orior, 2.12 
cochli»riforni, 229 
iMuidyiar, of mandible, 257 
eoraeoid, 293 • 

coronoid, of mandible, 257 
of ulna, 301 
eostal, 184 
of dura mater, 893 
ensiform, 204 

ethmoidal, of inferior tur¬ 
binated. 253 
extr-rnol auditory, 229 
frontal, of maxiUa, 245 
fronto-na.sal, 110 
fronto-sphenoidal, 248 
funicular, 173m 
globular, of His, 111 
hamnlar. of lachrymal, 248 
of sphenoid, 23<i 
jugular, 228 

lacihiyinal, of inferior tur¬ 
binated bone, 253 
lateral nasal, 110 


Processes or Process ( amt .) 
molar, 246 
mamillary, 191 
mastoid, 225 
maxillary, of feetus. 111 
of inferior turbinated, 264 
of malar bone, 2.50 
of palate bone, 252 
nasal, of frontal bone, 221 
of maxilla, 245 
odontoid, of axis. 186 
olecranon, 301 
orbital, of malar, 248 
of p^ate, 252 
palatal, of feetus. 111 
of maxilla, 245 
pararaaatoid, 210 
petrosal, 233 
}>o8t-glenoid, 224 
pterygoid, of sphenoid, 236 
siibeitoidal, of palate, 242 
spinous, of ilium, 323 
of sphruroid, 234 
of tibia. 343 
of vertr'brm, 183 • 
styloid, of fibr^, 347 
of radius. 307 
of temporal, 230 
of ulna, 305 

temporal, of malar, 250 
transverse,^f Vertebrse. 183 
turbinal, of lachrymal, 248 
turbinated, of ethmoid, ^40 
unciform, 314 
uncinat(‘, of ethmoid, 239 
vaginal, of sphr-noid, 236- 
of tenijioiid, 228 
zygomatic, of maxilla, 24.5 
of temporal, 223 
rcioessiis lircriH of miUhiin. 
1044 

coihlcariformis, 229, 1041 
graiulis 111 malleus, 1043 
iiitrajugulnris, 216 
jugularts, 216 

muscularis, of iiiytcnoid, 

lull 

pyramulalis. nl palate bone. 

252 

sphcnoidulis, 1(163 
tubariiis, 236 

uncinatus, of <>thinoid, 239 
vocalis, of arytenoid, J06I 
Proctodomin, 161 
Profunda ccrvici.s arU-ry, 6(i.5 
femoris artery, 71.1 
vein, 755 

artery, inferior, 674 
superior. <573 
of ulnar, 681 

Projection fibres of hcltii- 
spheres. 878 

, Pniininentia canolis facialis, 

I 1041 

Promontory of tympanum, 
1041 

Pronator tews muscle, 546 
quadrat us rnusclo, 544 
ridge, 304 

Pi'omsphi'ic duct. 168 
• Proneplu-oH, 168 
Pronucleus, female, 81 
* male, 84 

IVootic. centre of temporal 
bone, 230 

Propliase of kaiyokinesis, 5 

4 K 2 
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I’rostate gland, 121fi 
, applied anatomy of. 1217 
' d^dopment of, 175 
Ibbes of, 1216 
lymphatic veanels of, 788 
vessels and nerves of, 1217 
Prostatic ducts, orifices of, 1200 
plexus of nerves, 1000 
portion of urethra, 1200 
sinus, 1200 
Prosthion, 279 
Protoplasm, 3 

Protoplasmic process of nerve- 
cells. 45 

Protovertebral somites, 91 
Protuberance, mental. 25.5 
OGci|>ital, external, 214 
internal, 215 

Proximal convolutetl tube, 
1186 

Prussak, pouch of, ]04(i 
Psalterium, 875 
Pseudo-nucleoli, 4 
Pseudopodiuti), 9 
Pseudosrtornata of serous inem- 
branes, 73 ” 

Psoas inogniis muscle, 504 
applied anatomy of, 565 
parvus muscle, .56.5 
Pterion, 279 
ossicle, 24(t r 
Pterygoid arteries, 039 
frssa of sphenoid, 236 
muscles. 469 
nerves. 91.5, 916 
notch, 230 
plates, 2.36 
fdexiis of vein, 731 
processes of sphenoid, &IS? 
tul)ercle, 236 

Pterygo-mandibular ligament, 
467 

Pterygo-inaxillary fissure, 268 
Ptcrygo-palatine artery, 640 
canal, 236 
sulcus, 236 

Pterygo-spinous ligaTucnt, 237 
Pubic arch, 329 
ligaments. 396 
portion of fascia lata, .568 
spine, 325 
Pubis, 324 
angle of, 325 
body of, 324 
crest of, 325 
rami of, 325 
spine of. 325 
symphysis of, 396 
Pubo-ooc<iygou8 muscle, 621 
Pubo-fcmural ligament, 424 
Pdbo.prostatic ligaments, 1196 
Piibo-rectalis muscle, 521 
Pudendal plexus, 985 
Pudendum, 1230 
Pudic. artery, accessory, 701 
ileop external, 713 
internal, in male, 701 
peculiarities of, 701 
in fcmalo, 703 
superficial external. 7^3 
nerve, 986 

vein, internal, 756 , 

Pulmonary artery, 618 

opening of. in right ven¬ 
tricle, 606 

nerves frojn vagus, 936, 937 


Pulmonary valves, 607 
vdns, 727 - 

openings of, In'left auriole, 
608 

; Pulp, dental, of teeth, 1096 
of spleen, 1241 
, Pulp-cavity of teeth, 1096 
Pulvinar of thalamus, 846 
Punota lacrimalia, 1032 
vasculosa, 805 
Pupil, 1017 

Pupillary membrane, 131.1019' 
Purkinje. cells of, 833 
fibres of, 42 
Futamen, 872 
I’yloric artery, 689 
canal, 1134 
glands. 1137 
orifice of stomach, 113# 
plexus, 999 , 

portion of stomach, 1134 
■ ^Ivo. 1135 
vein, 762 

' vestibule, 113311 
Pylorus, 11.33 
Pyramid of cerebellum, 829 
of thyroid gland, 1236 
of tyinpanuiu. 1041 
of vestibule, 1048 
Pyramidal cells of cerebral 
oortox. 881 

emincuce of pons. 823 
fibres of crusta, 839 
of internal capsule, 873 
tracts. 815 

Pyromidalis niusole, 51^ 
musc^,,463' 

Pyrai 
of I 

decussiMffim^ 813 
Pyriformis muscle, 675 
fascia of, 6i8f*^'. 




Quadrate 
Ouadiatai muscle, ,576 

lumborum muscle, 517 

fascia covering, 517 j 

mhnii musnlo, 466 'j 

tubercle of, 335 » 

Quadriceps extensor cruris 
muscle, 568 

Qiradrigeminol boilies, 843 

Rauemose gla]ids, 75 
Radial artery, 675 

applied anatomy of, 676 
branches of, 677 
peculiarities of, 676 
surface marking of, 676 
fossa, 208 

' head of humerus, 298 < 

nerve, 96ifii 
recurrent artery, 677 
region, muscles of, .546 
Radialis indicia artery, 678 
Radiating fibres of retina, 1023 
Rodio-carpaJ articulation, 415 
applied anatomy of, 417 
surface form of, 417 
* Radio-ulnar articulations, in-; 
ferior, 414 1 

middle, 414 , 

superior, 413 . I 

, region, anterior, muscles of,, 
540 I 


EtuUus, 306 

applied anatomy of, 308 
articulations of, 307 
grcKues-in-lower end of, 307 
obljiiDC line of, 306 
ossification of, 307 
sigmoid cavity of, .307 
surface form of, 308 
tnberoai^ of, 30fi 
Rami oommunioantes, 943 
of the ischitun, 324 
of the mandihio, 256 
of the pubis, 38S ' - 
■ Ramus occipitelis, 860 
Ranine artery, 631 
vein, 730 

Rartvier, nodes of, 46 
Raphe, ano-ooccygeal, 520 
of medulla. 812 
of palate, 1091 
of scrotum, 1203 " 

Rathkc, pouch of, 155 
Rceeptaculum chyli, 766 
' Recess, cpitympanic, 226 
' noso-palatinc, 1005 
optic, 863 

pineal, 853 ^ 

spheno-ethmoidal, 276 ^ 
Eupraoptio, 853 •, 

Reoesscs of Troltsch, 10*1 
Rucessus ellipticus, 1048 
epitympanicus. 1039 
labyrinth!, 133 
pineolis, 123 
sphasricus, J 048 
lUitrapinealis, 854 . 

recoplioii, articu-' 
y, 370 
pulla, 1154 
fascia, 519 

Recto-coccygeal muscles, 1155 
Recto-uterine folds, 1225 
Rccto-ve.sical fascia, 519 
folds, 1125 
pouch, 1124 
Rectum, 1154 

-WKrt.S'r*®- 

Houston’s valves of, 1166 
lymphatic vessels of. 785 
relations of, 1154 
surgical auatomy of, 1162 
Reetus abdominis, 513 
sheatb of, 51 o 
capitis anticus major, 486 
minor, 486 

lateralis, 486 , y ^ 

posticus major, 498 
minog 498 

external, inferior, internal, 
and superior of (ycboll, 
462 

fejiMwis muscle, 669 
Reourrerit- artery, radial, 677 
tibial, anterior, 721 
posterior, 721 
ulnar, anterior, 679 
posterior, 679 
laryngeal nerve, 936 
nerve of inferior maxillary, 
914 

Recurrent branches from deep 
, polirvar arch, 678 
intei'osseouB artery, 681 
Rod oorpusoles, 7 
nucleus, 840 
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Befleotions of plourte, 1076 
Befraoting media of. eve, 
1024- 
BeqXON— 

abdominal, musol^jH^ 506 
acromial, muscles of, 533 
auricolai, 458 
back, muscle^ of, 489 
cervical, sa^ficial, muscles 
of, 461 
cranial, 468 ' 
epigastric, 1119 
femoral, 'iifusolcs and facciee 
’ of, anterior, 666 

internal, 671 
posterior, 544 
fibular, 575 

foot, dorsal region of, 587 
plantar region of, 587 
gluteal, muscles of, 573 
band, muscles and fasciie of, 
550 

humeral, anterior, 536 
posterior, 538 
hypochondriac, 1119 
hypogastric, 1121 
illao, muscles and fascim of, 
564 

infiahyoid, 476 
iifminal, 1121 

intermandibular, muscles of, 
466 

ischio-rcctal. muscles and 
fascia) of, 521 
lingual, muscles of, 479 
‘wandibular, muscles 
'‘^axillary, museb 
nasal, muscles of» 
orbital, muscles of,' 
j>alatal, muscles of, 484 
palpi‘))ral, musrdcs of, 459 
pelvis, musotes and fascia: of, 
517 

perimeum, muscles and fas¬ 
cia: of, 521 

pharyngeal, muscles of, 482 
popliteal space, 715[ii;>;9fe 
ptorygo-qiardihulaB, iaS^los 
of. 469 

radial, muscles of, 540 
radio-ulnar, anterior, muscles 
of, 540 

postoritjf. 545 

scapular, anterior, muscles 
of, 354 

posterior, 635 
fScarpa’s triangle, 710 
suprahyoid, muscles of, 477 
temporo-mandUfular, mus¬ 
cles of. 467 

thoracic region, anterior,' 
muscles and fasnite of, 
528 * ■ 

lateral, muscles £nd fascue 
of, 532 

thorax, muscles and fascia: 
of, 500 

tibio-fibular, anterior, mus¬ 
cles of, 679 
posterior, 681 
umbilical. 1121 
urogenital region in male, i 
muscles and faseiie 
of, 523 

in female, muscles and. 
fasoiie of, 626 i 


85 



BacuoK (cont.) 
vertebral, anterior, musdeB 

.Jia«iiC488 

BsindNS of abdomen, 1119 
Bc^ island of, 862 
convolutions of, 862 
sulcus circularis of, 857 
Benal afferent vessels, 1186, 
1188 

artery, 694 
inferior, 1187 

efferent vessels, 1185, 1188 
plexus, 998 
veins, 760 

Beproductivo organs. 

1218 
male, 13P3 

BESKfRATJON, mechanism of, 
505 < , 
organs of, 1059 

Bospiratt ry nerve of Bei^ ex¬ 
ternal. 955 <■' 

organs, di#eli»iuncnt of, 166 
Bestifornttlodics of iiicdulla,815 
Resting nuclei, 5 
Beto mucosiim of skin, 64 
testis. 1208 

Reticular latuiua of KuUiker, 
10.57 

laycf of skin. 67 
tissue. 19 

lleticularis alba, 821 
grisca, 821 
Retiform tissue, 19 
^tina, 1021 

benfml artmy d* 1024%ie, 
^|*«^velQpm4|B#iH ISSLj 
fovea oei^^&.pf, hT 
layers of,'^H|* 
macula lutea of, 1023 
membroiilij^mitanB intenm. 



framework of. 


- ora sei 
structure 
aup2)ortiag 
1023 

Betinocola of hip-joiut, 424 
of ileo-ceocal valve, 1160 
Betrahoiis aiiriculam muscle, 
4.59 

Bctro-pcritontsal foss®, 1129 
circumciecol, 1131 
duodenal, 1129 
intersigmoid, 1132 
Bctro-iiliaryngcal #y)acc, 473 
Betro-))ubic pad, 1194 
Betzius, coloured lines of, 1098 
Bhinencephalon, 124, 863 
Bhodopsin, or visual purple, 
36, 1020 

Bhumbencophalon; 119, 811 
Rhombic Up, 120 
Rhomboid impression, 288 
Ugamont, 400 
Bhomboidcus major, 492 
minor, 492 

Rhomboids, nerve to, 955 
Bibs, 206 

angles-of, 208 ' 

appUod anatomy of, 212 
development of, 104 
heads of, 207 
ligamente of, 386 
necks of, 207 


Ribs, ossifioation of, IIS' ■ 
peculiar, 209 
structure of, 210 
tubercles of, 208 
Bidgc, bicipitd. 295 
ganglion, 89, 118 
gluteal, 336 
mylo-hyoid, 256 
pronator, 304 
superciUary, 220 
temporal, 221, 223 
trapezoid or oblique, 287 
Right lobe of Uvor, 1167 
Bima glottidio. 10(i6 
palpebrarum, 1029 

female, Kiug, abdomind, external, .508 
iiitornal. 510 
crural. 708 

muscle of Muller, 1017 
tympanic, 231 
Bings, fibrous, of heart, 610 
Risorius muscle, 4()7 
Bivinus, duets of, 1110 
incisure of, 1040 
Bod-bipolar.s of n'tiuai^ 1021 
Bod-graiiuk's o4 rcUiia, 1022 
Hods of (lorti, 1055 
of retina, 1023 
Bulaiido, fasciculus of, 814 
lissnrc of, 857 

substantiisi^eHltiuosa of, 799 
tubercle of, 815 
Boiler, nuelouB of, 821 - 

Roof nucleus of Stilling, f534 
plal<-, 115 
Boot of lung. 1083 
of penis, 1213 
of tooth, 1093 
Bliot-sbcath of hair, 09 
Boots of spinal nerves, 808 
of zygomatic process, 223 
Boscuinuller, lymj)hatic gland 
of, 77fi 
fossa of, 1114 
organ of, 169, 122" 

Rostrum of corpus callusum» 
866 

sphenoidale, 234 
Rotation, 371 

Botatores spina: muscles, 497 
Bound Ugament of liver, 1108 
of uterus, 1225 
Bullini’s endings, 50 
Bust-coloured layer of cere¬ 
bellar cortex, 833 


Sac, lachrymal, 1032 
gn>atcr, of peritoneum, 1122 
lesser, of peritoneum, 1124 
Saccular glands, 74, 75 * 

Saccule of vestibule, 1053 
laryngexil, 1066 
Sacral arteries, lateral, 704 
artery, middle, 696 
canal, 193 
cornua, 192 
foramina, 191 
ganglia, 990 
gjoovc, 192 
lymphatic glands, 779 
nerves, anterior primary 
* divisions of, 978 

posterior primary divi¬ 
sions of, 940 

nucleus of spinal oord, 803 



# 

Bacval plexus, 978 

applied anatomy of, 980 
veins, lateral, 767 
middle, 758 
peculiarities of, 758 
iSacro-coccygeal ligaments, 396 
Sacro-gonital folds, 1125, 1225 
Sacro-iliac articulation, 393 
ligaments, 394 

Saoro-Bciatic foramen, great, 
395 

small, 396 
ligament, great, 394 
small, ,395 
notch, great, ,324 
small, 324 

iSacro-vertebral angle, 191 
•Sacrum, 191 

articulations of, 194 
ossification of, 197 
structure of, 194 .<• 

variations of, 194 
•Sacs, dental, 1101 
•Saddle joint, 370 
•Sagittal'^uUius, 215. 218. 221 
suture, 219 
•Salivary glands. 1108 
dev elo])meiit of, 15.3 
parolid, 1108 
structure of. 1111 
sublingual, I'tl 
suhmtt.xillary, 1110 
•Salpiugo-jiharyngeus -r'lisele, 
485 ^ 

•Sailer, incremental lines of. 
1098 

Santorini, cartilages of, 1061 
duct of. 10.5. 1178 
.Sa])hciioiis nerve, long or in¬ 
ternal, 976 
e.icternal. 981 
opc-iiing, .568 

vein, a])plied anatomy of, 75.3 
external or short, 7.5.3 
internal or long, 7.52 
Sareolennna. 37 
iSareomere, 39 
,Sare iplasm, .38 
•Sai’costyles. 38 

•Sai'eous elements of inusele. 
39 

Sartoriiis mu.scle, 568 
•Scali media of eoehlea, 10.53 
tyinpani. 1051 
vestibuli, 1051 
Sealene tuberele, 210 
.Scalenus antic us. 488 
medius, 488 
posticus, 488 

•Sca^p, lympliatic vessels of, 769 
Soaplioid bone (hand), 311 
(fool). .356 

fossa of sphenoid, 236 
•Srainda, 289 

applied anatomy of, 294 
artieulatiotis of. 294 
dorsum of, 289 
gleuoid cavity of. 292 
liead of, 292 

ligaments of, 403 > 

ossification of, 294 
spine of. 290 
surface form of, 294 
vontor^if, 289 

•Scapular ayleiy, posterior, OtiS 
n^y«, ^tenor, 955 
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Scajn^r notch, groat, 292 
region, anterior, muscles of, 

posterior, 53c • - „ 

Soarf-sldn, 04 
Scarpa, fascia of, 606 
foramina of, 246 
ganglion of, 1058 
Scarpa’s triangle, 710 
Schiwlylesis, 368 
•Schlemin, canal of, 1014 
•Schneiderian meinhranc, 1005 
Schn-ger. lines of, 1098 
Schullr.e, descending comma 
tract of. 808 
l)riuntivc librillie of, 46 
Schwann, nucleated sheath of, 
46 

white substance of, 46 
•Sciatic arlcty, 703L 
nerve, great, 980 

aj)plied anatomy of. 987 
small, 979 
veins, 7.56 
•Solera. 1011 

develoi)ment of, 133 
structure of, 1012 
•Sclei'alogeiious layer, 103 
iSclenitome, M»2 
•Scrobiculiis cordis, 212 
•Scrotum. 1203 

a])jilied anatomy of, 1205 
dartos of, 1201 
devclojvment of, 177 
septum of. 1204 
vessels and nerves of. 1204 
Sebaceous glands, 71 
•Second cranial nerve, 901 
applied anatoiuy of. 903 
Secondary areohe of lio.nc, 32 
t)6ey(,es. 80 
sensory trael. 807 
spermalo''ytes. 82 
•Secreting glands, 74 
•Secretion. iuttTnal, 76 
Segment, inlernodal. 4(> 
of l-aiilermanii, 41) 
medullary, 4() 

Segincnlation of ei-lls, 7 
of ovum, 84 
nucleus, first, 84 
•Segments, primitive, 91 
spinal, 797 
Sella turcica, 2.32 '• 
•Semicircular canals, bony. 1048 
membranous. 1053 
strurdurc of. 1053 
•Semilunar bone, 312 
fa.scia, 538 

fibro-eurtilagcs of Kn<'e, 434 
fold of>i>uuglas, 513 
gangUon' of abdfunon. 997 
lobe, inferior, of cerebellum. 
829 

Semimembranosus mvisclc, ,578 
Semina] vesieles, 1211 
Semispinalis musele, 497 
•Semileiidinosus muBclc, 578 
Sense.S. organa of special, 1001 
develojmient of, 116 
Sensory tract, 890 
de.cussatiou, ^817 
cpitbelium cells, 62 
nerves, 49, 886 
•Septum, aortic, 140 
auricularum. 597 


Septuift'WSffle, 708 
infcifOB, 140 
intermedipm, 139 
inteyvteftrioular, 609 
linj^, 1105 
luoidum, 876 
mobile nasi, 1003 
of nose, 276 •? 
orbittile, 1031 
pcctiniforme, 1213 
pcUncidum, 876 
pharyng;^ 151 
postero-inedian, of spinal 
cord, 798 
posticnin. 897 
prmium, 139 
secundum,*140 
S])uriuin. 1.38 
of longue. 1105 
transversum, 157 

of semicircular canals, 
10.53 

ventrioulonim, (i09 
•Serosa, or fal.s«“ aiiiniun, 94 
•Serous glands of tongue, 1106 
membranes, 72 
f)erieai-diuni, 600 
•Serratiis niagnus, 632 
posticus inferior, 493 
superior, 493 
•Sertoli, cells of, 1208 
Scrum, 11 
albumeii. 10 
globulin, 10 
Scsainoiil bones. .364 
Seventii cranial nerve. 922 
a}>j)lied arialumy of. 927 
nucleus of, 825 

•Shaft of a bone, its structure, 
181 

of a hair, 70 
•Shc.ath of artcjiea, 56 

dentinal, of Neumann, 1097 
digital, of fingers, 552 
of toes. 58!) 
feinpra}, 707 
mitouboiidri.-i1. 82 
of inu.seles. 31) 
of niirvfs, 4() 
of rectus mu.sele, 513 
synovial, 367 
•SJiin. .344 
Short bones, 181 
•supbenous vein. 753 
•Shoulder. mUiseJes of, .5,33 
giidle. 286 
Joint. 404 

ajiplifsl anatomy of. 407 
biirsic of, 40.5 
suifaec form of, 407 
vessels ami nerves of, 400 
Slirapnell, jiars llaecida of, 
104i 

Sigmoid artery, 69.3 
cavity of rtwlius. 307 
greater, of ulna. 304 
lesser, of ulna. 304 
notch of mandible, 258 
sinus, 740 

•Simiile epithelium, 12 
papilla' of tongue, 1105 
iSitius. aorlie. 619 
t)a8ilar,'^43 
oii-ciilar, 742 
coronaiy. 728 
costo-raediastinal, 1077 
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Sinue of cxteniflKSlHKilar vdn. 
73» 

' great, of aorta, 61^ 
of internal jagular vein, 733 
of kidney, 1)93 r'.. 

laryngeal, 1066 
longitudinal, inforit>r, 738 
superww, 737 
of Morgagni, 483 
oblique, of pericardium, 600 
potro-aquamous, 740 
phrcmioo-coMtalis, 1077 
poeularia, 1200 
priecervicalis, 109 
proatatio, 1200 
pyritormis, 111,5 
rbomboidalis. 89 
i*{)heno-paiietal, 740 
tarxi, 352 

transverse, of perieardiuin, 
600 

\eii<)sna, 138. 604 
sclera', 1014 

Sinuses, a<!e,cssory of nose, 1008 
cavernous, 740 
cranial, 22In 
of dura maler, 737 
frontal, 222. 1008 
inteiriavKTiious, 742 
lateral, 739 
niaxillary, 244, 1008 
oceij>ital, 740 
]>el rosal, inferior, 742 
sn))eiior, 742 
pi'tro-squainous. 740 
bit'iiioid. 740 
sphenoidal. 233, l(K)8 
spheno-parietal, 740 
straight, 738 
of V'alsalva. aortie-, 60!) 
pulmonary, (507 
Sixth cranial nerve, 920 

aj>plied anat^nny of, 922 
micli'us of. 825 
Skein, <ir sjarcm, 5 
.Skeletal inuaeles, 30 
Skeleton, 181 • 

dev eloprnent of, 102 
Skin'. JhnUtlotii/ o/', 64 
a}>peiidageH (»f, 67 
arU'ries of, (57 
eoriiim of, 6(i 
euticle of. (54 
derma, #r (rue skin, 6(5 
develox>ment of, 114 
ejiiderinis of. (54 
furrows of, 64 
hairs, (58 

muscular fibres of. 70 
nails, (>7 • 

nerves of. 67 
p.apillary layer of, 67 
ret<! mucosum of, 04; 
n-licular layer of, 67 
sebaceous glands of, 71 
sudoriferous or sweat glands 
of, 71 

tactile corpuscles of, 50 
vessels of, 67 
SkijUj, 213 

applied anatomy of, 282 
base- of, external suidaoe, 262 
internal surface, 27.1 
dcvclopmunt of, ^05 * 

dilTorenoes in, due to age, 277 
exterior of, 261 


Skull ((»ftf.) * 

fossa of, anterior, 271 
middle, 273 
posterior, 274 
from abSVe, 261 
beliind, 268 
below, 262 
in front, 268 
in-profile, 265 
interior of, 271 
noriiuc of, 261 
sexual differences in, 278 
surface form of, 280 
tables of, 182 
vitreous table of, 182 
Sknll-caj), interior of, 271 
Slender lobe of eerc)>elluin, 
829 

Small cavernous nerve, 10(K) 
in(e.stine, 1139 

arqoli# or submucous eoat ] 
of, 1143 

du< denal glands of, 1146 
duoihmum. 1139 
ileiii ■. 1142 
Jejunum. 1142 
iympli.atic vc-ssels of, 785 
mucous meml>i'ane of, 1143 
miiscidai eoat of, 1143 
reyei’'s glaials of, 1146 
serou.s t'oat oi, 1143 
solitary glands of, 1146 
\ulvula' coiiniventes of, 
1143 

vessels and nc'i-ves of. 1147 
villi of, 1144 
oe«;ij)ital nei've. 9.50 
wuatie nerve, 979 
Smell, organ of. 1002 
Soeia ji.arotidis, 1109 
Soft palate, ■1091 

Aponeurosis of. 1092 
atviies oj-j)illar8 of, 1091 
mnseles of. I0!)2 
])urts. development of, 114 
Solar jilexiis. 'i!i7 
Sole of foot, muscles of. first 
layer. ,588 
fourth layer, .591 
Kcvsond layer, 589 
- thiid layer, .590 
Soleiis mii.scle. 582 
Solitary cells, 803 
glands, 1146 

Somatic fibres of spinal noi-ves, 
944 

layer of tnesocU'i'in, 91 
Soinalojtleure, 91 
Soniitiss. ])rotv)vertel)ral, 91 
Spu<!e, anterior j)erforated, 864 
of liurna, 473 
intei-costai, 2f)7_^ * 
interptxiuncular; 8.54 
of Nuel, 1057 
Ijojiliteol, 715 
jmsterior perforated, 838 
ret,ropharyngeul, 473 
of Acteius, 1200 
subarachnoid, 896 
subdural, 895 

BUiirasternal. 473 , 

Spaces of h'untana, 1014 
intcrglobular, 1098 * 

Spatium pciichorioideale, 1012 
Sp'ecial sense, organa of, 1001 
types of cerebral cortex, 882 
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Spermatic Arterv, 694 
canal, 1204 
cord, 1205 

arteries of, 1205 
lyiupliatics of, 1206 
nerves of, 1205 
veins of, 1205 
fascia, external, 509 
plexus of nerves, 998 

applied anahuny of, 998 
of veins. 7.59 
structure of, 1205 
veins, 769 

applied anatomy of, 759 
Spermatids, 82, 1208 
Spermatoblast s, 1208 
1 Spermatocytes, 82, 1208 
! Spermatogonia. 82, 1207 
! Speraiatozoon, 81 
body of, 82 
formation of. 1298 
^nd of, 81 
iKx-k of, 82 
perforator of, 81 
tail of, 82 ^ 

Sphcno-cthmoidtd recess. 276, 
1(H)4 

sutiiie, 272 

Spheno-froiital siit me. 272 
Sphenoid bone, 2.32 

artieulaticws of. 238 
body dl. 232 
develoj)meiit of. 107 
# ’Vi-ater wings of, 2W 
lesser wings of, 23."i 
ossification of, 236 
lileiygoid proces-ses ol, 236 
lostrum of, 2:14 
spinous ]>Toces.sps of, 234 
vaginal processivs of, 23(5 
Sjthenoidal iissure, 235 
Structures in. 921 
process of palate, 252 
sinuses, 233, 1908 
lurl(inal('d boiie“, 230 
Spheiio-malar suture, 266 
Spheno-inandibnlar liguineiit, 
3(ft 

Spheno-maxillaiy fissure, 207 
fossa, 268 

Sphcno-palatine artery, 640 
foramen, 252 
ganglion, 912 
nerves, 912 
notch, 252 

Si>heno-pari<!tnl sinus, 74(1 
suture, 260, 273 
Sjibeno-petrosal suture, 266, 
273 

Spheno-squaiiiosal suture, 266, 
273 

Spheroidal epithehum. 13 
Sphincter ani externus. 522 
intenius, 523 
muscle of bladder. 1199 
of vagina, 52(5 
pupilla', 1018 
recti muscle, ,521 
Spina bifida, 201 
helicis, 1036 
•vestibuli, 139 
Spinal acec'sory nwv e, 937 
applied anatomy of, 939 
‘ bulbar part of, 938 
nucleus of, 819' 
spinal port of, 938 

; - 
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•Spinal arteries, 600 
oanol, 200 
.^column, 182 
SpiNAii Coed, 795 

applied anatomy of, 809 
central canal of, 800 
columns of, 798 
development of, 116 
distribution of nerve-cells 
in, 802 

enlargements of, 798 
fissures of, 798 
foatal peculiarity of, 795 
ganglia, 911 
structure of, 942 
groy comiuissure of, 800 
matter of, 799 
Ugamentum dentioulatum 
of, 808 

meninges of, 802 
applied anatomy of, 899 
nerve-tracts in, 804 
neuroglia of, 800 
sulci of, 798 

whitt^commissure of, 800 
matter of, 804 
veins of, 762 
Spinal nerves, 941 

anterior primary divisions 
of, 949 

arrangemeyt into groups, 
941 <■ 


connections with symjm- 
'thetio, 94.S 
development of, 118 
divisions ot, 945 
points of emcirgenoe of, 943 
posterior primary divi¬ 
sions of, 945 
roole of, 808, 941 
size and direction, 943 
Btrueture of, 944 
segments. 797 
veins, 761 

longitudinal, anterior, 751 
posterior, 762 
^doxuses of. 761 
Spin^is colli rauRcIo, 497 
dorsi muscle, 496 
Spindle, aohromatio. 4 
aortic, 621 
neuro-muscular, 62 
neuro-tendinous. .62 
Spine or spines, ethmoidal, 232 
gonial, 256 
of ilium, 323 
of ischium. 323 
mental, 266 
nasal, 221 
anterior, 242 
IlOsterior, 251 
of pubis, 325 
of scapula, 290 
sphenoidal, 234 
BU])ramcatal, 230 
of tibia, 343 

Spinu-gleuoid ligament, 404 
S^p-olivary tract, 820 
Spiho-tectal ^aot, 807 
Spino-thalauuc tract, 806 
Spinous process of vortebr*, 188 
Spiral canal of cochlea, 1060 
lino of femur, 334 
thread of spermatozoon, 82 
tubes of Riduey, 1186 ' 
s1hhi».6- - 
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Splauohnio layer of mesoderm, 
91 ; 

fibres of spinal nerves, 944 
nerve, greater, 993 j 

] least, 994 i 

lesser, 993 

i Splanchnology, 1069 ! 

I Splanohnopleure, 91 ,, 

‘ Spljceit, 1240 

applied anatomy of, 1244 
I blood-vosscls of, 1242 
! development of, 166 i 

lymphatic vessels of, 787 ' 

Malpighian bodies of, 1242 
relations of, 1240 
size and weight, 1241 
structure of, 1241 
surface marking of, 1244 
, Spleens, oocessory, 1241 
Splcnial centre of ossification, > 
: 258 ‘ , 

Splenic artery, 690 

distriltutiun of, 1242 
Ilexure of colon, 1153 
lymphatic glands, 782 
plexus, 999 
vein, 701 

Splenium of corpus callosum, 
866 

Splenius luusclc, 494 
Spongioblasts, 115 
Spongioplasm. 3 
Spongy portion of urethra, 
1201 

Spring ligament, 447 
Spur of malleus, 1043 
Squamous portion of temporal 
bone, 223 
suture, 266 

Stahr, middle gland of, 771 
Stalks of thalamus— 
anterior, 848 
inferior, 848 
))arietal, 848 
posterior, 848 
Stap'xlius muscle, 1045 
Sta]>e8. 1044 

annular ligament of, 1046 
development of, 134 
Stollato ligament, 386 
veins of kidney, 1189 
Slenson, foramina of. 246 
Stenson’s duct, 1110 
Stephanion, 279 
Sternal end of claviolo. 288 
forameji, 204 
furrow, 21 U 
Sternebr®, 203 

Steruo-clavioular articulation. 

399 

applied anatomy of, 401 
surface form of, 401 
Sterno-hyoid muscle, 476 
Slerno-mastoid artery, 6.30, 
634 

muscle, 475 

Sterno-pcricardiac ligaments, 

I 699 

, Sterno-thyroid muscle, 476 
Sternum, 203 
^articulations of, 206 
develox>ittont of, 104 
< ligaments of, 390 
ossification of, 206 
stmoti:^ of, 206 
, Stilling, rbof Dooleus of, 834 


Stuuach, 1132 
alveoA of, 1137 
anatoEiioil subdivisions of, 
1134 • 


appUed anatomy of, 1138 
areola¥ or submucous 
of. 1137 

bed, 1134 . 

body of, 1134 « 

oardiao glands of, 1138 
orifice of, 1133 
component parts of, 1134 
curvatures of, ,3,H|3 
development? tit, ife ■ 
fundus of, 1134 
incisura angularia of, 1133 
interior of, U36 
lymphatic vessels of, 784 
muoous membrane of, 1137 
muscular coat of, 1135 
orifices of, 1133 


physiological snbilivisions of, 
1134 


position of, 1134 
pyloric canal of, 1134 
glands of, 1137 
orifice of, 1133 
vestibule of, 1133 
pylorus, li;i6 
serous coat of, 1135 
slia))e and position of, 1133 
structure of, 1135 
sulcus intermedius of, 1133 
surface, tbnn of, J1.38 
8urfae.es of, 1134 
vejtsels and nerves of, 1138 
Stoniatoila’um, 151 
Straight sinus. 738 
tubes of kidney, 1180 
Strand, labio-dentai, 1099 
lingual, 1099 

Strands, lateral and mesial, of 
posterior nerve-root, 808 
Stratified e[iithelium, 14 
Stratiform tibro-cartilagc, 24 
Stratum cinereum, 843 
oompactum of decidua, 98 
corneum, 06 
dorsale, 850 
germinutivum, 65 
granuloHuni, 65 
iutorniediom of chon/id. 


1016 

Icmnisci, 844 
lucidum. 66 
Molpighii, (i.') 
opticum, 843 
spongiosum, 98 
zonale, 843 
Streak, primitive, 86 
Stria pinealis, S.'H 
vascularis, 1054 
Strias acusiicte, 836 
gravidarum, 516 
Lancisi, 864 
longituditiales, 864 
Striate, veins, inferior, 737 
Stripe of Hensen, 1067 
Striped muscle, 36 
Struma of iris, 1018 
of ovary, 1220 
intortubular, of kidney, 1189 
Stylo-glosBUS muscle, 480 
8tyl6-hyoid ligament, 478 
muscle, 478 

* nerve, from facial, 925 
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Stylo-matidibular ligament, 

384 . 

Stylo-mastoid artoiy, 63fi 
foramen, 228 
vein, 732 

Sl|Elo-phaTyngRus muscle, 484 
pi'OCOBS of fibula, 347 
^ «}a''bf.mdius, 307 

of temporal bone, 230 
of ulna, 305 

Subanconeus musole, 539 
Subarachnoid space, 896 
Snboallosaljljrrus, 864 
Subcardittllvmns, 146 
Subclavian arteries, 6#t 

applied anatomy of, 657 
branches of, JS69 
first part of left, 666 
of right, 654 

peculiarities of, 656 | 

second portion of, 656 ] 

surface form of, 666 
thinl portion of, 656 | 

groove, 288 | 

triangle, 643 ' 

vein, 747 

Subelavius muscle, 532 
iK'rve to, 955 
Subcostal angle, 208 

artery, 685 I 

zone, 1119 

iSubcriirena muscle, 570 , 
Subdural space, 895 I 

Subcfiithclial plexus of cornea, ' 
1014 ! 

Sublingual artery, 630 
fossa. 256 
gland, 1111 

vi'ssris and nerves of, 1111 
Sublobuliir veins, 1169 
Submaxillary arU-ry, 633 
fossa, 236 
ganglion, 918 
gland. 1110 

vt'ssels and nerves of, 1111 
lympbatic glands, 771 
trinngli'. 642 
vein, 730 

Submcnlul artery, 633 
veui, 730 

Submucous tissue, 74 
iSubnasal point, 279 
Suboeeijutol nerve, 945 
triangle, 499 
Subparietal sulcus, 860 
Subpcritonealdaunoctivo tissue, 
516 

Subplcural mediastinal plexus, 
665 

Subpubic ligamenf, 397 
Subsartorial plexus, 976 
Subscapular angle, 289 
artery, 670 
fascia, 5.34 
fossa, 289 
nerves, 956 

Subscapularis muscle, 534 
Subserous areolar tissue, 1121 
Substantia oortioalis, 1(^6 
forruginosa, 838 
gelatinosa centralis, 800 
of Bolando, 799 
nervc-oeila in, ^3 , 

innomlnata of Meynert, 874 
nigra, 840 

propria of oomea, 1013 


Subthajamio tegmental r^ion, 
860 

Suctorial pad, 467 
Sudoriferous glands, 71 
Suloi of ocrebral hemisphere, > 
8.56 

of spinal cord, 798 
Sulcus, antoro-latoral of me¬ 
dulla. 812 

antaheliois trans versus, 1036 
basUaris, 823 

centralis of insula, 862 { 

circularis of BeU, 857 i 

frontal, inferior, 868 | 

superior, 858 I 

intormodius of shmiach, 1133 i 
intraparietal, 859 , 

lateralis, 838 ! 

lunatus, 860n * 

of Monro^l22, 854 
occipitalis lateralis. 860 
traiisversus. 860 
ooeipito temporal. 862 
oculo-molor, 838 
ooulo-nas"l. 111 ' 

olfootorius, 8.59 
orbitalis, 85!1 
pai'idlel. 861 
pustei-ntrol, 8.50 
poalero-lateral of medulla, 
812 

procentral, 858 
])reolivary, 812 
pterygopolatinus, 236 
sagittalis, 215, 218, 221 
sigmoidcua, 226 
spiralis extemus, 1054 
intern iLS, 1055 
Bubparictalis, 860 
tali, 3.53 

temporal, first, 861 
second, 861 

tcTininnlis of right auricle, 
604 

of tongue, 1104 
tubse, 235 

tympaiiicus, 1038, 1043 
valleculm. 827 
Siijieruilia, 1029 
' SuiK-rciliary ridge, 220 
, Superficial abdominal ring, 
.508 

cervical artery, 663 
nerve, 950 

circumflex iliac artery, 713 
cpig^trie artery, 713 
I external pudic aS-tery, 713 
palmar arch, 081 
perineal artery, 701 
I temporal artery, 63ti 
I applied anatomy of, 636 
vein, 731 

transverse ligament of fin¬ 
gers, 653 

i Nuperlieialis vola: artery, 677 
i Superior aperture of larynx, 
! 1066 

' carotid triangle, 641 
commissure of brain, 849 
coronary artery, 633 
! epigastric artery, 665 

fovea of fourth ventricio, 837 
laryngeal artAy, 630 , j. 

perve, 930 g 

ligament of in< 
of mali< 


Superior longitudinal fasoioi 
lus, 879 

maxillary bone, 242 
nerve, 911 
meatus, 276 
nrediastinum, 1079 
medullary velum, 831 
mesenteric artery, 690 
lymphatic glands, 762 
olivary nucleus, 824 
phreirio vein, 748 
X>rofuuda artery, 673 
thoracic artery, 669 
thyroid artery, 629 
turbinated crest of maxilla, 
245 

of ])alate botre, 251 
vena cava, 748 
development of, 148 
opetting of, 604 
vocal cords, 1066 
Supernumerary sxileens, 1241 
Sux)inator brevis muscle, 647 
longus muscle, 545 
Supporting cells of^Hensen, 
10.57 

framework of retina, 1023 
Sux>racallosal gyrus, 864 
Supraclavicidar nerves, 961 
iSujnaeondylar prf)CC8s, 298jf 
ridge, extejrnaf, 297 
internal, 297 

Supraglcnoid tubercle, 2flC 
Suprahyoid lymphatic glands, 
771 

artery, 630 
triangle, 042 

Sux)rainarginal convolution, 

860 

Supramastoid ci-est, 223 
SuprameataJ spine, 230 
triangle, 224 
Supraoptic iviceBS, 853 
Supraorbital artery, 647 
foramen, 221 
margin, 221 
ncrao, 909 
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